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By providing invaluable morpho-functional imaging of the lymphatic system that would be 
very difficult to investigate otherwise, lymphoscintigraphy is currently the accepted standard 
of care in the differential diagnosis of lymphedema. Furthermore, in patients with a growing 
number of malignancies lymphoscintigraphy is used for sentinel lymph node (SLN) mapping, 
a procedure that constitutes one of the greatest success stories in contemporary surgical oncol-
ogy, with a crucial role for accurate staging of a variety of solid tumors through an approach 
optimized to reduce surgical invasiveness as much as possible.

The second edition of the “Atlas of Lymphoscintigraphy and Sentinel Node Mapping: A 
Pictorial Case-Based Approach” provides an update on innovations related to this technique, 
using the same approach that has been the hallmark of success for the first publication.

This book is edited by Giuliano Mariani, Sergi Vidal-Sicart, and Renato A. Valdés Olmos 
(three distinguished specialists in the very intriguing field of radioguided surgery), and includes 
contributions from highly qualified international experts.

The atlas is structured into 16 well-established chapters and contains a huge number of 
very-high-quality illustrations, tables, and diagrams. This excellent book reviews all of the 
basic principles of lymphoscintigraphy and sentinel node biopsy (SLNB), and also provides a 
comprehensive overview of the technical procedural details. The practical aspects of the tech-
nique, from radiopharmacy and tracer administration to instrumentation and detection, as well 
as state-of-the-art applications, with excellent clinical cases, are described in an original and 
comprehensive fashion.

As stated by the editors, the aim of this book is to provide an in-depth description of this 
technology, to offer an extended guide with examples covering common clinical practice, and 
to deliver future perspectives and methodological improvements of this specific topic.

The final editorial outcome is a very exhaustive, fluent, and updated guide, enriched with 
explanatory images and tables that fulfill its ultimate goal to offer the best standard of health 
care received by our patients.

In conclusion, I highly recommend this excellent atlas not only to experts, but also to resi-
dents, clinicians, and everyone willing to approach the evolving clinical scenario in which 
lymphoscintigraphy and radioguided surgery are employed.

Francesco Giammarile
 

Vienna, Austria

Foreword
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Almost 30 years after the introduction of radioguided SLNB for staging purposes in melanoma 
and breast cancer, lymphoscintigraphy remains an essential component of the procedure. In 
fact, lymphoscintigraphy and radioguided surgery have transformed the paradigm of oncologic 
surgery from “open and see” to one of “see and open,” providing to surgeons and nuclear phy-
sicians a helpful visual road map enabling to identify and remove SLNs or other adequately 
“labeled” lesions the operating room. In the evolution of nuclear medicine, this important role 
of lymphoscintigraphy for SLN mapping followed the original development of this imaging 
modality for applications aimed to identify causes of peripheral edema or for characterization 
of patients with intracavitary lymph effusions.

Especially since the first decade of this millennium, the use of lymphoscintigraphy has been 
extended to different malignancies, thus facilitating radioguided SLNB under the most sophis-
ticated and/or complex anatomic conditions. The addition of single- photon emission computed 
tomography/computed tomography (SPECT/CT) to the imaging procedure has played an 
important role in this development. In fact, by combining the functional SPECT information 
with the anatomical CT findings, the resulting SPECT/CT images did evolve the abovemen-
tioned paradigm to a novel one, that is, “see, open, and recognize.” The incorporation of the 
latter recognition function was based on the landmarks provided by SPECT/CT, which include 
information on the SLN location in relation to blood vessels, muscles, and other anatomical 
structures. The expertise accumulated with SPECT/CT has been crucial to expand the SLN 
procedure to other areas with particularly complex lymphatic drainage, such as the head and 
neck region and the pelvis. Based on this experience, regional staging in oral cavity cancers 
and in malignancies of the female and male reproductive systems is now becoming possible.

Although the indications for SLNB continue to evolve, in clinical practice the procedure 
continues to be of vital importance for regional lymph node staging. In classical applications 
such as melanoma and breast malignancies, the growing cancer risk stratification management 
occurring in recent years has led to the incorporation of new patient categories. Today in many 
cases with tumor-positive SLNs subsequent completion of regional lymph node dissection is 
no longer necessary—for example in patients with early breast cancer and favorable histology. 
Nevertheless, this process of selectivity in the clinical management of numerous patients has 
delineated an additional role for SLN mapping using lymphoscintigraphy and SPECT/CT. The 
accurate information of the modality is now being used also for surveillance of the lymph node 
stations at risk of metastatic dissemination by means of ultrasonography and other diagnostic 
imaging modalities including PET/CT. Furthermore, besides surgery, there is an increasing 
interest to apply lymphatic mapping in tailoring planning of other treatment alternatives, such 
as radiotherapy.

The structure of this new edition of this atlas book follows the previous one. However, the 
content of the chapters has been significantly upgraded and updated, incorporating state-of- 
the-art information with respect to clinical indications and technological advances. Chapters 1 
and 2 include introductory elements and basic concepts concerning the anatomy, physiology, 
and pathophysiology of lymphatic circulation, whereas Chap. 3 presents the methodological 
aspects of lymphoscintigraphy, including radiopharmaceuticals and instrumentation.

Preface
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From Chap. 4 onwards, the current contribution of lymphoscintigraphy for nononcologic 
lymphatic disorders as well as for SLN mapping related to staging in various malignancies is 
discussed by leading experts in the field.

The methodological approach using lymphoscintigraphy for the evaluation of edema of the 
extremities is extensively presented in Chap. 4, while in Chap. 5 the role of lymphoscintigra-
phy is discussed in relation to the differential diagnosis of peripheral edema and of intracavi-
tary lymph effusion.

In Chap. 6 the concept of SLNB in relation to oncologic surgery is analyzed, and in Chap. 
7 essential tools of radioguided SLNB concerning preoperative imaging (based on planar lym-
phoscintigraphy and SPECT/CT) are discussed in relation to guidance approaches using 
gamma probes, gamma cameras, and allied technologies in the operation room.

The role and criteria for interpretation of SPECT/CT in addition to planar lymphoscintigra-
phy are presented in Chap. 8. From Chap. 9 (breast cancer) to Chap. 16 (kidney and bladder 
cancer) the sequential chapters discuss the clinical impact of radioguided SLNB within the 
framework of a multidisciplinary approach in specific malignancies such as melanoma (Chap. 
10), head and neck cancers (Chap. 11), lung cancer (Chap. 12), gastrointestinal cancers (Chap. 
13), and cancers of the female (Chap. 14) and male (Chap. 15) reproductive systems.

All chapters of the book include an introductory section concerning pathophysiology of the 
specific diseases, as well as the current clinical indications for SLNB emphasizing the role of 
preoperative imaging including lymphoscintigraphy and SPECT/CT. The latter modalities are 
also discussed in the light of the dissemination routes for metastasis from primary tumors. 
Each chapter of the book is complemented by richly illustrated teaching cases, aimed to 
emphasize both the most commonly observed patterns and anatomic variants in lymphatic 
drainage as well as possible technical pitfalls.

For all chapters, specific learning objectives have been added together with key learning 
points for their different sections. These adjustments aim to facilitate the use of the atlas as a 
real textbook on lymphoscintigraphy in general and on SLN imaging and biopsy.

Initially conceived under the umbrella of the Italian Association of Nuclear Medicine, the 
first version of the book already crossed borders and this tendency has been reinforced in the 
current edition, by incorporating international experts in the field of radioguided surgery and 
lymphatic mapping as contributors. These specialists have collaborated in many cases with 
young colleagues to provide not only didactic but also high-quality pictorial examples and 
illustrations. Thanks to this confluence, a new generation is getting ready to carry the torch of 
the book initiative onwards.

We thank the support of Springer for making it possible to publish this book meeting the 
high technical levels required by an atlas.

Pisa, Italy Giuliano Mariani 
Barcelona, Spain  Sergi Vidal-Sicart 
Leiden, The Netherlands  Renato A. Valdés Olmos  

Preface
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Learning Objectives
• To learn the importance of the lymphatic system in 

oncology
• To learn how cancer cells enter the lymphatic 

system
• To understand how lymph is propelled through its 

vascular system

• To learn how radiolabelled proteins and colloids 
that are used for lymphoscintigraphy are accumu-
lated and retained in lymph nodes

• To become familiar with the anatomy of the lym-
phatic system of the breast

• To gain knowledge on the various locations of sen-
tinel lymph nodes (SLNs) in breast cancer patients

• To become familiar with the anatomy of the lym-
phatic system of the skin

• To understand that there are inter-individual but 
also intra-individual variations in lymphatic drain-
age routes from the skin

• To appreciate that these intra-individual variations 
in lymph drainage may have an inadvertent clinical 
consequence

• To appreciate that continuing research in the anat-
omy and physiology is increasing our understand-
ing of the lymphatic system and has clinical 
implications

• To understand the concept of SLNs based on the 
anatomy and physiology of the lymphatic system
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1.1  Introduction

The lymphatic system is a complex network of ducts and 
lymph nodes diffused throughout the human body, and 
exhibits considerable variation comparable to other anatomi-
cal structures such as the arterial or venous system. Excess of 
interstitial fluid originating from the blood is returned to the 
blood circulation via the lymphatic system. In contrast to the 
blood circulation, lymph flow is unidirectional away from 
the local tissues. Lymph is similar to blood plasma and con-
tains immune cells as part of the defence against microor-
ganisms. Furthermore, lymphatic capillaries in the intestinal 
villi absorb the fats and fat-soluble vitamins that give the 
lymph its milky appearance in this part of the lymphatic 
system.

The lymphatic system has become an important field of 
interest in oncology in the last few centuries. The system 
functions actually in two opposite manners in cancer. It 
defends the body against circulating cancer cells, but it also 
provides a route for dissemination and a site of cancer growth 
if the defence mechanism fails. The significant impact of 
lymphatic dissemination on staging, treatment and outcome 
of solid cancers has stimulated investigations aimed at gain-
ing more insight into several aspects of the lymphatic 
system.

The aim of this chapter is not to provide a complete over-
view of lymphatic anatomy and physiology, but rather to 
point out some relevant topics for clinicians involved in lym-
phatic mapping of cancer and to outline recent developments 
and subjects for further research.

1.2  Physiology of Lymph Flow

Lymph flow starts with absorption of interstitial fluid through 
the inter-endothelial junctions of the lymphatic capillaries, 
which function as valves [1]. Small particles up to 25  nm 
may enter the openings at this level, whereas larger particles 
are transported through the endothelium by pinocytosis. 
Lymphatic capillaries are kept open by collagen filaments 
attached to the surrounding connective tissue. The osmotic 
pressure gradient is also important for filling of lymphatic 
capillaries. Since the capillaries have no valves, the lymph 
fluid at this level may flow either way.

The next lymphatic structures are the collecting lymphatic 
vessels. These vessels contain bicuspid semilunar valves 

2–3 mm apart, preventing backflow of the fluid [2]. There is 
active propulsion of lymph by longitudinal and circular lay-
ers of smooth muscle, which contract 10–15 times per min-
ute. Lymphatic peristalsis is regulated by several delicate 
mechanisms [3, 4]. Because of the presence of valves, inter-
mittent external pressure is another mechanism for unidirec-
tional flow.

From the lymphatic collecting vessels, lymph flows into 
the marginal sinus of lymph nodes. From this subcapsular 
sinus, the fluid drains into medullary sinuses between the 
germinal centres, where it is filtered through the action of 
numerous phagocytic cells. The filtered lymph is collected in 
the hilum of the node where it drains into the efferent lym-
phatic vessel. Lymph nodes are important elements of the 
immune system. In addition to lymphocytes, lymph nodes 
contain macrophages, which are responsible for the phago-
cytosis of the radiolabelled proteins and colloids that are 
used for lymphoscintigraphy. Different types of relationships 
between lymph vessels and lymph nodes exist in which the 
germinal centres may be bypassed [5, 6]. A few large lym-
phatic trunks eventually return the body’s daily production 
of 2–4 L of lymph back into the venous circulation at the 
junction of the internal jugular and subclavian veins [7].

1.3  Anatomy of the Lymphatic System

The lymphatic system consists of a network of lymph ves-
sels and some 600 lymph nodes. The lymphatic systems of 
different tissues and organs are similar, although there are 
some specific features. Lymphatic capillaries are abundant 
in the skin and in other covering structures such as the peri-
osteum and joint capsule. Rich lymphatic plexuses are also 
found underlying the mesothelium of the pleura, peritoneum 
and pericardium, and underneath the mucosa of the diges-
tive, respiratory and genito-urinary tracts. Most solid organs 
like the liver, spleen, adrenal, kidney, prostate, testis, uterus 
and ovary have a superficial or subserous lymphatic plexus 
[8]. In contrast, deep lymphatics within the parenchyma 
have only been clearly demonstrated in the adrenal gland, 
kidney and ovary. Lymphatic capillaries are probably absent 
in the central nervous system, striated muscles, eyeball and 
internal ear. The collecting lymphatic vessels are present in 
nearly all vascularised tissues and are often situated adja-
cent to blood vessels. The interested reader is referred to the 

Key Learning Point
• Phagocytosis by macrophages is responsible for 

the uptake of radiolabelled proteins and colloid 
radiopharmaceuticals that are used for lymphos-
cintigraphy.

Key Learning Point
• The lymphatic system defends the body against cir-

culating cancer cells, but it also provides a route for 
dissemination and a site of cancer proliferation.

O. E. Nieweg et al.
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classic textbooks for an extensive description of the lym-
phatic system in the human body [8, 9]. The lymphatic sys-
tems of the breast and the skin are being studied most 
extensively in the era of sentinel lymph node biopsy (SLNB), 
and these will be described in more detail.

1.4  Lymphatics of the Breast

Although the lymphatic system of the breast was studied as 
early as at the end of the eighteenth century, research is still 
ongoing [10]. Current research is mainly focussed on unrav-
elling the network of communicating small lymphatic ves-
sels from both the skin and the underlying parenchyma in the 
different regions of the mammary gland. These vessels join 
into several collecting ducts that are connected to specific 
lymph nodes within the regional nodal fields. This broad 
anatomical concept originates from the numerous lymphatic 
drainage patterns that have been observed during lymphatic 
mapping of breast cancer over the last 25 years. These clini-
cal observations do not concur with the simpler concepts 
proposed in the past. The best known of these historic 
descriptions originates from Sappey. He postulated centrip-
etal lymph flow from the mammary ducts to a common sub-
areolar plexus [11]. From this lymphatic plexus, a medial 
and a lateral collecting vessel were assumed to pass to the 
axilla. This system was suggested to have multiple anasto-
moses with a superficial system of dermal lymphatics from 
the greater mammary region that also drains to the axilla. 
Sappey and others, like Rouvière, denied the existence of the 
so-called posterior lymphatic network of the breast [12]. 
However, this posterior network does exist and was origi-
nally described at the end of the eighteenth century [6]. It 

mainly drains to the internal mammary nodal chain and to 
interpectoral (Rotter) lymph nodes. Collecting lymphatic 
vessels from the deep breast tissue drain to these lymph 
nodes and may be encountered during mastectomy with 
SLNB (Fig. 1.1).

Several other sites that may harbour lymph nodes drain-
ing to the breast have subsequently been described. During 
SLNB, one may encounter supraclavicular lymph nodes, 
intercostal nodes, contralateral internal mammary chain 
nodes, intramammary nodes and paramammary (Gerota) 
nodes at the level of the inframammary fold (Fig.  1.2). 
There may even be a SLN in the contralateral axilla in non-
physiological circumstances [13–17]. Furthermore, lymph 
nodes in the axilla were divided into external mammary 
lymph nodes, scapular lymph nodes, central lymph nodes, 
axillary vein lymph nodes and subclavicular lymph nodes 
[9, 18]. Drainage patterns from each region of the breast 
have been quantified using lymphoscintigraphic data [19, 
20]. Although the pattern of lymph drainage varies from 
person to person, it appears stable over time within an indi-
vidual [21].

The anatomical relation between the lymphatic drain-
age of the breast and of the arm at the level of the axilla is 
of increasing interest in recent years [22]. A clinical appli-
cation of combined lymphatic mapping of the arm and 
breast is axillary reverse lymphatic mapping [23]. The 
objective of this approach is to identify and subsequently 
spare lymphatic ducts and nodes essential for lymph drain-
age of the upper extremity during breast SLNB, in order to 
prevent lymphoedema. Initial results have shown that spe-
cific regions of the breast and arm may have a common 
SLN.

1.5  Lymphatics of the Skin

The skin has a rich lymphatic network that mainly drains to 
lymph node fields in the groin, axilla and neck, but also to 
several less known lymph node locations. The SLN concept 
has contributed substantially to the present knowledge of 
lymphatic drainage of the skin. Clinical application of lym-

Fig. 1.1 A blue-stained lymphatic running from a tumour in the upper 
outer quadrant of the left breast along the posterior surface of the breast, 
through the pectoral muscle to the third intercostal space. This lym-
phatic was seen during mastectomy after removal of two axillary SLNs 
and of three internal mammary chain lymph nodes

Key Learning Points
• The communication between the lymphatic vessels 

of the skin and the underlying breast parenchyma is 
still the subject of research.

• This posterior part of the breast mainly drains to the 
internal mammary chain and to interpectoral 
(Rotter) lymph nodes.

• SLNs can be found at various locations in and 
around the breast.

1 Anatomy and Physiology of Lymphatic Circulation: Application to Lymphatic Mapping
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phatic mapping using blue dye started in the late 1980s in 
patients with melanoma, and this cancer is now one of the 
most frequent indications for the procedure—along with 
breast cancer. For many years, the prediction of lymphatic 
drainage from the truncal skin was based on Sappey’s lines 
(midline and transverse at the level of the umbilicus) [11]. 
Recently, analysis of more than 5000 lymphoscintigrams at 
Melanoma Institute Australia has shown that drainage often 
crosses these lines, which results in a much greater zone of 
ambiguity than postulated by Sappey [24]. Several less com-
mon and unexpected lymphatic drainage routes have been 
described to lymph nodes in the epitrochlear fossa, popliteal 
fossa, triangular intermuscular space on the back and bicipi-
tal sulcus and subcutaneously in the flank or adjacent to the 
areola [25]. Studying lymphatic drainage in a canine torso, 
Suami and colleagues found perforating lymph vessels origi-
nating from the skin, penetrating the abdominal wall and 
directly draining into para-aortic lymph nodes [26]. This is 
now also seen in humans. Still, melanoma surgeons encoun-
ter SLNs in even stranger and more unexpected locations.

Similar to the axilla, the groin has also been subdivided 
into different zones [27]. The groin lymph nodes receive 
lymph from the lower extremity, the trunk and the external 
genitals. Lymphatic drainage patterns to the groin with cor-
responding first- and second-tier lymph nodes differ 
depending on the specific area of the skin [28, 29]. 
Collecting lymphatic vessels from the limb may also bypass 
the groin and directly drain into para-iliac or obturator 
lymph nodes in the pelvis. Miura and colleagues defined 
the great and small saphenous lymphatic vessels and a third 
deep lymphatic vessel ascending along the main three arter-

ies of the lower leg with direct drainage to the external iliac 
lymph nodes [30].

Drainage from the upper part of the trunk and upper 
limb is rather complex, given the potential connections to 
lymphatic fields in the axilla, but also in the neck [31]. The 
neck has traditionally been subdivided into different lymph 
node levels to enable selective neck dissection for cancers 
from different skin areas. This relatively rough anatomical 
classification has been refined in the SLN era. Lymphatic 
mapping has revealed an almost inexhaustible variation in 
lymph drainage from the skin of the head and neck. 
Lymphatic drainage patterns may be even discordant over 
time in the head and neck, as demonstrated by serial repeat 
lymphoscintigraphy [32, 33]. These observations are prob-
ably related to physiological changes, technical shortcom-
ings or close anatomical relationships in the head and neck 
region.

So, lymph flow from the skin varies from one person to 
another, but it is also variable within an individual. Various 
factors determine the lymph flow speed such as time of the 
day, physical activity, medication and hydration status of 
the patient. There is also intra-individual variation of the 
pattern of lymph flow. The same skin site may drain to dif-
ferent lymph nodes at various points in time [32]. This phe-
nomenon may be responsible for false-negative SLN 
procedures.

a b c

Fig. 1.2 (a) Lymphoscintigraphy using 99mTc-nanocolloid with direct 
drainage to paramammary lymph nodes at the level of the inframam-
mary fold. (b) Overview and (c) detail: intraoperative identification of a 

paramammary lymph node with a tiny blue afferent lymphatic duct dur-
ing mastectomy indicated by the tweezers; an internal mammary chain 
SLN was also retrieved

Key Learning Point
• SLNs can be found in  locations outside the major 

nodal fields.

O. E. Nieweg et al.
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1.6  Visualisation of Lymphatics and New 
Developments

The techniques that are used to visualise the lymphatic sys-
tem, as well as the physiological conditions in which the 
studies are performed, have significant impact on the infor-
mation that is gained. Anatomists often use cadavers, while 
surgeons and nuclear medicine physicians examine the lym-
phatic system under physiological conditions in living 
human beings. Differences in physiologic conditions or age 
may have contributed to conflicting anatomical theories. For 
example, studying the lymphatic anatomy of the mammary 
gland in pregnant women or in foetuses may yield results 
that differ from those found in elderly women [34, 35].

Nevertheless, the most important determinants for unrav-
elling the lymph system anatomy are the type of tracer and 
the injection site. Anatomists have used materials like air, oil, 
milk, Indian ink or mercury with subsequent macroscopic 
visualisation of the larger lymphatic vessels. This approach 
has several methodological limitations related to dilution of 
the tracer, accuracy of tissue dissection and size restrictions 
of what can be macroscopically identified.

Lymphangiographic studies using direct tracer adminis-
tration into lymph vessels are intrinsically different from 
techniques based on injection into the interstitium of tissues 
of interest, with subsequent tracer uptake into the lymphatic 
capillaries. The latter approaches are considered to reflect 
more closely the actual clinical conditions, as they visualise 
the normal physiological mechanisms of lymph formation at 
the site of interest.

The introduction of radiopharmaceuticals for lymphatic 
mapping was an important step forward in the collection of 
knowledge of the anatomy of the lymphatic system, obviat-
ing the need for macroscopic visualisation. By using colloi-
dal Gold-198 particles of about 5 nm in size, pioneers like 
Turner-Warwick, Hultborn and Vendrell-Torné were able to 
identify dominant and minor lymphatic drainage routes from 
different regions of the breast [36–38]. Suami et al. recently 
published anatomical cadaver studies based on techniques 
combining both approaches [39]. Very small lymph vessels 
were microscopically cannulated and injected with a radio- 
opaque contrast medium in both antegrade and retrograde 
directions. After the injections, radiographs were made of 
the whole specimen and parallel slices, followed by comput-
erised image processing. Even three-dimensional images of 
the arrangement of lymphatic ducts could be obtained by 
using high-resolution computed tomographic lymphangiog-
raphy [40].

In addition to vital dyes and radiocolloids, fluorescent 
tracers in the near-infrared spectrum are increasingly being 
used for lymphatic mapping. 99mTc-tilmanocept is a new 
radiopharmaceutical that was approved for clinical use in 
2013. A strong advantage in its use is rapid clearance from 

the injection site [41]. It binds to mannose receptors to 
become internalised into macrophages. Parungo and col-
leagues used quantum dots and HAS 800 to study lymphatic 
drainage from the peritoneal cavity in rats [42]. These 
authors were able to identify primary drainage to the celiac, 
superior mesenteric and periportal lymph nodes, with 
rerouting directly to intrathoracic nodes via chest wall lym-
phatics after bowel resection. Using the same technique, 
they also demonstrated that the highest mediastinal lymph 
nodes of station I are the first-echelon nodes of the pleural 
space in rats and pigs [43]. By using two different quantum 
dots, two separate lymphatic drainage pathways could be 
simultaneously visualised in a two-colour image, as demon-
strated by a Japanese group [44]. Such a technique enables 
further exploration of overlapping lymphatic drainage pat-
terns. Indocyanine green fluorescence lymphography is 
increasingly being used in routine clinical practice of SLNB, 
but is also a promising method to increase our knowledge of 
physiology of the lymphatic system [45]. These new devel-
opments illustrate the continuing interest in the anatomy 
and physiology of the lymphatic system and the clinically 
relevant progress.
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2.1  History

The first description of lymphatic vessels began in ancient 
Greece with Hippocrates (460–370 BC) and Aristotle (384–
322 BC) who described vessels of the human body that may 
have been lymphatic vessels. More stringent reference to the 
lymphatic vessels came from Alexandria, where Erasistratus 
(ca. 304–250 BC) described milky arteries in the mesentery. 
Later, in the seventeenth century AD, Gaspare Aselli was the 
first physician/anatomist to document the functional lipid 
uptake and transport of lipid-rich meals in the white mesen-
tery veins of dogs. The studies that followed Aselli’s initial 
observations established that these vessels constituted a dis-
tinct vascular network that was separated but connected to 
the blood vascular system. The first gross anatomy of lym-
phatic vessels was definitely established at the beginning of 
the nineteenth century [1]. It was only at the end of the 1990s 
that investigators started to identify the receptor of vascular 
endothelial growth factor (VEGFR)-3 [2], the prosperous 
homeobox 1 (PROX1), the transcription factor [3], the mem-
branes integral podoplanin glycoprotein (PDPN) [4], and 
hyaluronic receptor 1 of the lymphatic vessel (LYVE1) as 
specific lymphatic markers [5]. Subsequently, investigations 
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in this field flourished through molecular genetic studies on 
embryo development, revealing more than 50 genes involved 
in the specific maturation of lymphatic vessels [6]. The lym-
phatic system was thus identified as an almost ubiquitous 
regulator of numerous physiological and pathological pro-
cesses. Lymphatic vessels have been identified in organs 
which previously were thought not to exist, such as the eye, 
where they are involved in the regulation of intraocular pres-
sure [7], or in the central nervous system, where they drain 
cerebral macromolecules and immune cells [8]. Moreover, 
pioneering studies have revealed lymph node lymphatic 
endothelial cells as antigen-presenting cells involved in the 
induction of peripheral immune tolerance [9]. These seminal 
findings have opened unexpected avenues for advancing 
knowledge on the lymphatic system in cardiovascular medi-
cine [10].

2.2  Physiology of the Lymphatic System

The lymphatic circulation should be considered as part of the 
peripheral cardiovascular system, as it interlinks closely with 
blood circulation both at its origins (the interstitial space) 
and at its final drainage point (the thoracic duct). To a large 
extent, the anatomy of lymphatic channels parallels that of 
the veins, and the two systems show many similarities in 
structure and function.

The lymphatic circulation includes the lymph, lymphatic 
vessels, lymph nodes (stations along the drainage route 
where fluid and cell exchange between blood and lymph 
occurs), and other lymphoid tissues, particularly the spleen 
and bone marrow. Through its own specialized cell, the lym-
phocyte, a close relationship exists between the peripheral 
lymphatic system, blood circulation, spleen, and liver 
(Fig. 2.1). Therefore, while lymph drainage has a predomi-
nant “plumbing” role, the lymphatic circulation does possess 
also important immunological roles.

The lymphatic vascular network consists of smaller blind- 
ended capillaries and larger collecting lymphatic vessels. 
The lymphatic capillaries are composed of a single layer of 
overlapping endothelial cells “oak leaf shaped” and lack a 
continuous basement membrane and pericytes. The distinc-
tive oak leaf-shaped endothelial cells of initial lymphatics 
are loosely apposed with overlapping borders and linked 
each other by discontinuous, button-like junctions. Regions 
between buttons are open, so as to allow the entry of fluid 
and cells without repetitive formation and dissolution of 
intercellular junctions. These specific structures may func-
tion as primary lymphatic valves that prevent the tissue fluid 
taken up by lymphatic capillaries to be released back into the 
interstitial space (Fig. 2.2). Therefore, the lymphatic capil-
laries are highly permeable to interstitial fluid and macro-
molecules, such that, when the surrounding interstitial 
pressure changes, the lymphatics either expand and fill with 
lymph or contract and push lymph [12].

The capillaries drain into pre-collecting lymphatic ves-
sels, which will merge into larger secondary collecting lym-
phatic vessels covered by smooth muscle cells, which 
provide contractile activity to assist lymph flow and possess 
a continuous basement membrane. Tissue fluid collected in 
the larger collecting lymphatics drains into the thoracic duct 
and is then returned to the blood circulation through 
lymphatic- venous connections at the junction of the jugular 
and subclavian veins.

At the distal capillaries, the systemic blood circulation 
loses about 2–4 L of fluid and about 100 g of protein into the 
interstitium per day. Normal physiology of lymphatics deals 
with draining from the tissue spaces these materials that can-
not return to the bloodstream directly. Colloids, several types 
of cells (extravasated red cells, macrophages, lymphocytes, 
tumor cells, etc.), bacteria, and other microorganisms are 
channeled through the lymphatics, presumably as a protec-
tive mechanism to prevent noxious agents from directly 
entering the bloodstream. This is the reason why cellulitis 
and erysipelas can be a recurrent problem. Similarly, inor-
ganic matters such as carbon and silica are removed by the 
lymphatics, as demonstrated by the black-stained pulmonary 
lymph nodes in coal miners.

Key Learning Points
• Recognition of the existence of lymphatic circula-

tion has evolved slowly over the course of history, 
mainly because of the difficulties in visualizing the 
transparent vessels.

• We know now that lymphatic vessels are almost 
ubiquitous within different organs and show a 
remarkable heterogeneity, with different genes 
involved in development, reflecting their functional 
specialization.

• Unexpected advances in knowledge on the lym-
phatic system have recently emerged in cardiovas-
cular medicine.

Key Learning Points
• The lymphatic circulation should be considered as 

part of the peripheral cardiovascular system, as it 
interlinks closely with blood circulation.

• It consists of smaller blind-ended capillaries and 
larger collecting lymphatic vessels. The lymphatic 
capillaries are composed of a single layer of endo-
thelial cells and lack a continuous basement mem-
brane and pericytes, making them highly permeable 
to interstitial fluid and macromolecules.

R. Di Stefano et al.
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2.3  Lymphatic Circulation and Lipid 
Absorption

Lymphatic circulation is essential for the adsorption of lipids 
from the intestine. The major products of lipid digestion 
(fatty acids and 2-monoglycerides) enter the enterocyte 
either by simple diffusion or via a specific fatty acid trans-
porter protein in the membrane. Once inside the enterocyte, 
fatty acids and monoglycerides are transported into the endo-

plasmic reticulum, where they are used to synthesize triglyc-
erides. Beginning in the endoplasmic reticulum and 
continuing in the Golgi apparatus, triglycerides are packaged 
with cholesterol, lipoproteins, and other lipids into particles 
called chylomicrons. Transport of lipids into the circulation 
is different from what occurs with sugars and amino acids. In 
fact, instead of being adsorbed directly into capillary blood, 
chylomicrons are transported first into the lymphatic vessels 
that penetrate each intestinal villus.

Chylomicron-rich lymph then drains into the lymphatic 
system, which rapidly flows into blood. Blood-borne chylo-
microns are rapidly disassembled and their constituent lip-
ids utilized throughout the body. When large amounts of 
chylomicrons are being absorbed, lymph draining from the 
small intestine has a milky appearance, such that the mesen-
teric lymphatics are easy to see (first described as “venae 
alba et lacteae” or “white veins” by Aselli in the seventeenth 
century). Recent studies have shown that the lacteal is not 
simply acting as a passive duct; on the contrary, it is able to 
respond to autonomic nerve stimulation to the encircling 
smooth muscle cells and actively transport the absorbed 
lipid [13].
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Fig. 2.1 Schematic representation of the vascular circulation (arterial 
system, red; venous system, blue) and of lymphatic circulation (green), 
and their interrelationship. (a) Net of lymphatic capillaries drains tissue 
fluid and macromolecules from tissues through major lymphatic vessels 
and lymph nodes. The lymph is driven into the venous system through 

the left subclavian and the right subclavian veins, respectively. (b) 
Interstitial fluid, macromolecules, and immune cells are collected by 
lymphatic capillaries. (c) Lymphatic collectors contain intraluminal 
valve and SMC layers that permit the unidirectional lymph flow (repro-
duced with permission from [11])

• Tissue fluid collected in the larger collecting lym-
phatics drains into the thoracic duct and is then 
returned to the blood circulation through lym-
phatic–vasculature connections at the junction of 
the jugular and subclavian veins.

• Normal physiology of lymphatic circulation 
involves a daily drainage of about 2–4 L of fluid and 
about 100  g of protein from the tissue spaces 
directly to the bloodstream.

2 Pathophysiology of Lymphatic Circulation in Different Disease Conditions
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Compounds absorbed by the intestinal lymphatics drain 
via the cisterna chyli and the thoracic duct, thus entering sys-
temic circulation at the junction of the left internal jugular 
vein with the left subclavian vein, thereby avoiding potential 
first-pass metabolism. Consequently, drug transport via the 
intestinal lymphatics may confer delivery advantages in 
terms of increased bioavailability and possibility of directing 
delivery to the lymphatic system.

2.4  Pathophysiology of Lymph Drainage 
Failure

Physiology of lymphatic circulation requires three intimately 
interconnected steps: (1) transport of prelymph across the 
interstitial space and into the initial lymphatics, (2) move-
ment of lymph through the network of noncontractile initial 
lymphatics, and (3) active pumping of lymph through a 
series of contractile collecting trunks.

Under normal circumstances, water acts predominantly 
as a solvent or vehicle for the colloids, cells, and materials 
that can be drained only via the lymph route. Nevertheless, 
lymphatics also serve as an “overflow pipe” to drain excess 
interstitial fluid. This role of lymphatic circulation as 
“safety valve” against fluid overload involves the lym-
phatic system in every form of edema, although at variable 
degrees.

Edema is an excess of interstitial fluid, whose volume 
must increase by over 100% before edema becomes clini-
cally detectable. Edema develops when the capillary filtra-
tion rate exceeds the lymphatic drainage rate for a sufficient 
period, a condition that results from an imbalance between 
capillary filtration and lymph drainage:

 D D F Fv t v l/ = −  

where Dv/Dt is the rate of swelling, Fv is the net capillary 
filtration rate, and Fl is the lymph flow.

Therefore, the pathogenesis of any edema involves 
either a high filtration rate or a low lymph flow, or a com-
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Fig. 2.2 Schematic 
representation of the 
lymphatic system. The 
lymphatic capillaries are 
composed of a single layer of 
overlapping endothelial cells 
and lack a continuous 
basement membrane. 
Collecting lymphatic vessels 
are provided with smooth 
muscle cells, a basement 
membrane, and luminal 
valves that prevent lymph 
backflow. The unique 
structure of capillary 
lymphatic vessels accounts 
for the uptake of interstitial 
fluid, macromolecules, cells, 
and lipids that filtrate 
continuously from the blood 
capillary network (reproduced 
with permission from [11])

Key Learning Points
• Lymphatic circulation is essential for the adsorption 

of lipids from the intestine.
• Instead of being adsorbed directly into capillary 

blood, the major products of lipid digestion, chylo-
microns, are transported first into the lymphatic 
vessels that penetrate each intestinal villus.

• When large amounts of chylomicrons are being 
absorbed, lymph draining from the small intestine 
has a milky appearance.

• Compounds absorbed by the intestinal lymphatics 
drain via the cisterna chyli and the thoracic duct, into 
the systemic circulation at the junction of the left 
internal jugular vein with the left subclavian vein, 
thereby avoiding potential first-pass metabolism.

• Consequently, drug transport via the intestinal lym-
phatics may confer delivery advantages in terms of 
increased bioavailability and direct delivery.

R. Di Stefano et al.
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bination of the two factors. Elevation of capillary pressure 
is usually secondary to chronic elevation of venous pres-
sure caused by heart failure, fluid overload, or deep vein 
thrombosis. On the other hand, reduced plasma colloid 
osmotic pressure (e.g., hypoproteinemia) raises the net fil-
tration rate and lymph flow; changes in capillary permea-
bility (e.g., inflammation) increase the escape of protein 
into the interstitium, and water follows osmotically. 
Impairment of lymph drainage results in the predominant 
accumulation of protein and water in the interstitial space, 
since lymph is the sole route for returning escaped protein 
to the plasma.

Most edemas arise from increased capillary filtration 
overwhelming lymph drainage; therefore, any edema incrim-
inates the lymphatic system through its failure to keep up 
with demand. Edema is initially soft and pitting, and then 
hard, non-pitting, accompanied by skin thickening. 
Impairment of local immune response leads to recurrent skin 
infections, further insult to the tissue, and worsening of 
lymphedema.

2.4.1  Role of Leukotrienes and Inflammation 
in Lymphedema

Leukotrienes are a group of short-lived lipidic mediators 
produced primarily by pro-inflammatory immune cells, like 
macrophages, neutrophils, eosinophils, mast cells, and den-
dritic cells. In response to diverse immune and inflammatory 
stimuli, these lipid mediators elicit potent inflammatory 
responses through binding to, and activation of, their cognate 
G protein-coupled receptors.

Recent investigations have demonstrated the mechanis-
tic role of the leukotriene B4 (LTB4) in the molecular 
pathogenesis of lymphedema. LTB4 is a strong chemoat-
tractant and activator of leukocytes and one of the most 
potent lipid chemotactic factors for neutrophils. The bio-
logical function of LTB4 is mediated primarily by BLT1 
or BLT2 receptors. When acting through the BLT1 recep-
tor, LTB4 regulates migration and activity of cells of both 
innate and adaptive immunity and plays essential roles not 
only in physiological defense against infection, but also in 
the pathogenesis of a number of chronic diseases, such as 
obesity, insulin resistance, type 2 diabetes, and 
atherosclerosis.

It has consistently been observed that LTB4 promotes 
lymphedema development, thereby involving tissue inflam-
mation as the mechanistic platform for the development of 
acquired lymphedema. When the mechanisms that explain 
the impact of LTB4 in acquired lymphatic vascular insuffi-
ciency have been explored, lower concentrations of LTB4 
were surprisingly demonstrated to have a prolymphangio-
genic effect, thus suggesting a possible role for this eico-

sanoid in lymphatic repair at more physiological levels [14]. 
Higher concentrations of LTB4 inhibit both VEGFR3 mRNA 
expression and VEGFR3 protein phosphorylation. 
Additionally, higher LTB4 concentrations inhibit Notch sig-
naling, a pathway known to be important for both lymphatic 
development and maintenance [11].

Such new knowledge constitutes the pathophysiologic 
basis for pilot studies that have demonstrated the benefit of 
anti-inflammatory therapy with ketoprofen in patients with 
lymphedema, favoring the restoration of a failing lymphatic 
circulation [15].

2.4.2  Aging of Lymphatic Vessels

Lymphatic-related diseases, such as lymphedema, are 
prevalent in the elderly. The aging process induces changes 
in structure and function of the lymphatic system. In the 
1960s, the specific “varicose bulges” in muscular lym-
phatic vessels were observed to increase with age [16]. 
Muscle cell atrophy, elastic element destruction, and aneu-
rysm-like formations were also found in aged lymphatic 
vessels. Aging-associated alterations in lymphatic contrac-
tility decrease pump efficiency, a mechanism that results in 
excessive retention of tissue fluid within the interstitial 
spaces. Reduced responsiveness to inflammatory stimuli in 
aged lymphatic vessels decreases the normal capacity to 
react against foreign organisms. High permeability is 
caused by the loss of glycocalyx and the dysfunction of 
junctional proteins. In addition, increased caspase-3 activ-
ity, dissociation of the VE-cadherin/catenin complex, and 
low expression of actin cytoskeleton that occur in aged 
blood vessels are present also in aged lymphatic vessels 
[17] (Fig. 2.3).

Knowledge of the aging-related diseases of lymphatic 
vessels is critical to our understanding of lymphatic vessel- 
related diseases.

Key Learning Points
• Impairment of lymph drainage results in accumula-

tion of protein and water in the interstitial space, 
which corresponds clinically to lymphedema.

• Lymphedema becomes clinically detectable when 
excess of interstitial fluid increases by over 100%.

• It has recently been recognized that leukotrienes, 
lipidic mediators with potent pro-inflammatory 
properties, are involved in the pathogenesis of 
lymphedema.

• Aging decreases the efficiency of lymphatic con-
tractility pump, thus contributing to abnormal reten-
tion of tissue fluid within the interstitial spaces.

2 Pathophysiology of Lymphatic Circulation in Different Disease Conditions
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2.5  Lymphedema

Lymphedema is an edema arising from a failure of lymph 
drainage, which can be induced by several causes (see 
Table 2.1). First, there may be an intrinsic abnormality of the 
lymph-conducting pathways. Such conditions are referred to 
as primary lymphedema, which means that no other identi-
fiable causes can be found. Primary lymphedema occurs 
because of the imperfect development of the lymphatic vas-
cular system in utero. It can be familial (as with Milroy’s 
disease and Meige’s syndrome), or genetic, such as those 
associated with Turner and Noonan syndromes or the con-
genital vascular Klippel-Trenaunay syndrome, where mal-
formed lymphatics coexist with an aberrant venous system. 
Sporadic cases of primary lymphedema are more frequent 
than the familial or genetic associated forms.

The identification of mutant genes in primary hereditary 
human lymphedemas has defined some crucial pathways 
during lymphovascular development and lymphangiogene-
sis. In particular, lymphangiogenesis requires adequate 
expression of the C isoform of the vascular endothelial 
growth factor (VEGF) which binds to its receptors (VEGFR- 2 

and VEGFR-3) under the control of the master regulator of 
lymphangiogenesis, the transcriptional factor Prox 1 [3]. 
VEGFR-3 is highly expressed on lymphatic endothelial 
cells. During the embryonic stage, VEGFR-3 acts as a recep-
tor for both VEGF-C and VEGF-D, and its activation 
 stimulates lymphatic vessel formation, thus representing the 
main molecular mechanism involved in the development and 
growth of the lymphatic system (Fig. 2.4).

Glycocalyx layer in adult lymphatic vessels

Glycoprotein
Proteoglycan

Tight junction

Adherens
junction

Tight
junction

Adherens
junction

Caspase-3

Dissociation of VE-
cadherin/catenin complex

Pro-apoptotic
factor bak

Actin cytoskeletoncateninVE-cadherin caspase-3 bak

Glycocalyx layer in aged lymphatic vesselsa b

Fig. 2.3 Glycocalyx layer and intercellular junctions of lymphatic ves-
sels in aging process. (a) Continuous glycocalyx in adult lymphatic ves-
sels. (b) Discontinuous glycocalyx in aged lymphatic vessel. Increased 

pro-apoptotic factor back activates caspase-3 to disrupt the downstream 
protein β-catenin, which leads to decreased adherent junctions and 
impaired barrier function (reproduced with permission from [17])

Table 2.1 Mechanisms and causes of lymph drainage failure

Mechanism Causes
Reduced lymph- 
conducting pathways

Aplasia-hypoplasia of the whole vessel

Acquired obliteration of lymphatic 
lumen

Poorly functioning 
pathways

Failure of pump contractility

Obstructed pathways Scar from lymphadenectomy, radiation 
therapy, or infection

Incompetent lymphatics 
with reflux

Megalymphatics

Lymphatic hyperplasia

R. Di Stefano et al.
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An example of genetic primary lymphedema, the first to 
be identified, is provided by the Milroy’s disease, which is 
characterized by early-onset congenital lymphedema. In this 
syndrome, heterozygous missense mutations in the FLT4 
(VEGFR3) gene inactivate the kinase activity of VEGFR-3. 

It is characterized by bilateral lower limb lymphedema, 
which is usually present at birth.

Another example, one of the most common primary 
lymphedemas, the lymphedema-distichiasis (LD) syndrome, 
is an autosomal dominant disorder with variable expression. 

Notch↑
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VEGFR2/3 Ephrin B2

PLC-γ

IFN-γ

LTα1β2↑

LTβR

Ca2+

Calmodulin

Calcineurin

LN development

LPC

CXCL13

IL7,TRANCE

LTi cells

VEGFC

B cell proliferation

LN function

VEGF

Lymphangiogenesis

T cells

NFATc1-P

ItgA9
FN-ElllA

PDGFB (SMC)
Coll IV (BM)

PROX1
FOXC2
NFATc1

?

?

VEGFR3
Lymphatic EC

VEGFR3↑
(NRP2, ephrin B2)

VEGFR2

Circumferential
growth

Notch

S
prouting

VEGF
VEGFC

Fig. 2.4 Main molecular mechanisms involved in the development and 
growth of the lymphatic system. (a) Lymphatic capillaries derive from 
venous endothelial cells. After arteriovenous differentiation controlled 
by Notch and COUP-TFII transcription factors, Sox18 activates Prox1, 
which interacts with COUP-TFII and induces lymphatic endothelial 
differentiation, involving enhanced expression of VEGFR-3. VEGF-C 
then induces the sprouting of the LECs to generate new vessels. 
VEGF-C and VEGF can also increase the size of lymphatic vessels by 
stimulating circumferential growth. (b) Formation of lymphatic valves 
requires a calcium-induced signal via phospholipase C-g and calmodu-
lin to calcineurin that dephosphorylates the NFATc1 transcription fac-
tor, which enters the nucleus and induces valve-specific genes in a 
complex with FoxC2 (T.  Petrova, University of Lausanne, personal 
communication cited in [18]). VEGFR-2, VEGFR-3, and ephrin B2 are 
upstream regulators of the pathways necessary for valve development. 
PDGF-B and collagen IV production is inhibited simultaneously. (c) In 
developing lymph nodes, lymphangiogenesis is first induced when IL-7 

and TRANCE stimulate LTi cells that develop from lymphatic precur-
sor cells under the influence of the chemokine CXCL13. The LTi cells 
produce LTα1β2, which activates VEGF-C expression via the LTb 
receptor in stromal organizer cells. In adult lymph nodes, B-cell prolif-
eration stimulates VEGF-mediated lymphangiogenesis, whereas T-cell- 
derived cytokines restrict lymphangiogenesis by producing interferon-γ. 
Notch neurogenic locus notch homolog protein, COUP-TFII chicken of 
albumin upstream promoter transcription factor II, Sox18 sex- 
determining region Y Box 18, Prox1 prospero-related homeodomain 
transcript factor, LEC lymphatic endothelial cell, VEGF vascular endo-
thelial growth factor, NFATc1 nuclear factor of activated T cells, cyto-
plasmic, calcineurin-dependent 1, FoxC2 forkhead box protein C2, 
ItgA9 integrin a9, PDGF-B platelet-derived growth factor, IL-7 inter-
leukin- 7, TRANCE tumor necrosis factor (ligand) superfamily, member 
11, CXCL13 chemokine (cys × cys motif) ligand 13, LTα1β2 heterotri-
meric lymphotoxin (α1β2) (reproduced with permission from [18])

2 Pathophysiology of Lymphatic Circulation in Different Disease Conditions
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It is caused by mutations in the FOXC2 gene, which codes 
for FOXC2, a transcription factor involved in the develop-
ment of the lymphatic and vascular system [19]. The LD syn-
drome is characterized by late childhood or pubertal onset 
lymphedema of the limbs, and by distichiasis (double row of 
eyelashes). While the latter is the most common expression 
of LD, venous insufficiency occurs in half of the patients. 
Other associations have been reported, including congenital 
heart disease, ptosis, cleft lip/palate, and spinal extradural 
cysts.

The currently known mutations of at least 19 different 
genes are involved in lymphatic development associated 
with primary lymphedema [20], the most frequent being 
GJC2, FOXC2, CCBE1, VEGFR-3, PTPN14, GATA2, and 
SOX18 (Table 2.2) [18].

Although genetic molecular investigation contributes to 
provide proper genetic counseling for parents of an affected 
child with congenital lymphedema, they cannot explain 
those forms presenting later in life (lymphedema tarda). In 
these cases, the latent period before swelling suggests that a 
failure of growth or regeneration following a damage or 
injury might be the real cause underlying edema, rather than 
an abnormal development of lymphatics since birth.

In secondary lymphedemas, damage to the lymph- 
conducting pathways may occur secondary to any number of 
causes originating primarily outside the lymphatic system. 
Secondary lymphedema is more common than primary 

lymphedema, as it can result from a wide variety of causes, 
such as the post-thrombotic syndrome, surgical or radiation 
therapy, trauma, and infections.

In chronic venous insufficiency, as in the post-thrombotic 
syndrome, most of the interstitial fluid is unable to return to 
the heart by way of the obstructed veins. Therefore, the vol-
ume of fluid transported by the lower extremity lymphatics 
increases to compensate for the venous occlusion. This 
safety valve function of the lymph vessels continues until the 
lymphatic valvular mechanism becomes insufficient; then, 
reflux occurs, swelling of the limb increases, and ulcers 
develop.

Lymphedema frequently coexists with lipedema, a condi-
tion affecting only women. Lipedema is a bilateral, sym-
metrical swelling of the lower extremities extending from 
the pelvic brim to the ankles. Histologically, its hallmark is a 
gross increase in the subcutaneous fat layer, only limited to 
the areas mentioned above. The patient may be normal in 
weight, or even thin in the upper half of the body, but grossly 
obese from the pelvic brim down. Lymph vessels in lipedema 
are coiled, the prelymphatic canals and initial lymph vessels 
are abnormal, lymph transport velocity is reduced, and 
lymphedema involves both lower extremities (including the 
feet).

The most common secondary upper-arm lymphedema 
is to be expected after axillary lymph node dissection for 
breast cancer surgery, and/or radiation therapy in the upper 
arm. The incidence of breast cancer-related lymphedema, 
however, ranges widely between 6 and 70%; it may be a 
common underreported morbidity, considering the relation 
between lymphatic drainage of the upper extremity (UE) 
and of the breast in the caudal part of the axilla. Sentinel 
lymph node (SLN) groups for the UE and breast share con-
nections in 24% of cases, which could explain lymphedema 
after surgery if damaged [21]. Lymphedema is generally 
localized at the arm on the side of breast surgery, and 
patients with a high peripheral blood vascular filtration rate 
seem to be predisposed to this complication [22, 23]. GJC2 
(CX47) mutations are associated with a predisposition 
toward the development of postmastectomy lymphedema 
[24]. A clear relationship between the number of lymph 
nodes removed and the risk of lymphedema has not been 
definitely established, and clinical trials are focusing on the 
reduction of axillary lymph node dissections, even in the 
presence of a positive SLN [25].

The most common cancers in which treatments cause sec-
ondary lower limb lymphedema are melanoma, sarcoma, 
and pelvic tumors (including cervix, uterus, and prostate); it 
is noteworthy that pelvic cancers and infiltrating sarcomas 
can present with lymphedema, probably as failure of lym-
phatics to regenerate and re-anastomose satisfactorily 
through scarred or irradiated tissue secondary to cancer 
treatment.

Table 2.2 Gene abnormalities identified in different lymphedema 
syndromes

Gene Disease name Clinical manifestation
FLT4 
(VEGFR- 3)

Hereditary 
lymphedema IA (AD)

Congenital lymphedema

GJC2 Hereditary 
lymphedema IC (AD)

Lymphedema of the 
extremities, onset at <15 years 
of age

FOXC2 Lymphedema- 
distichiasis syndrome

Lymphedema of mainly lower 
limbs, triple row of eyelashes, 
varicose veins

CCBE1 Hennekam 
lymphangiectasia- 
lymphedema 
syndrome (AR)

Lymphedema of the 
extremities, intestinal 
lymphangiectasias, mental 
retardation

SOX18 Hypotrichosis- 
lymphedema- 
telangiectasia 
syndrome (AD)

Lymphedema, alopecia, 
telangiectasia

PTPN14 Lymphedema-choanal
Atresia syndrome 
(AR)

Lymphedema of lower limbs 
in children, lack of nasal 
airways

GATA2 Emberger syndrome 
(AD)

Lymphedema of lower 
extremities and genitalia, 
immune dysfunction, 
cutaneous warts, deafness

AD autosomal dominant, AR autosomal recessive
Adapted from [18]
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Trauma of the lymphatic channels (either from elective 
surgery or by accident) has to be extensive in order to induce 
lymphedema. Indeed, the experimental reproduction of 
lymphedema is extremely difficult, owing to the highly effi-
cient regenerative powers of lymphatics.

Parasitic lymphedema is the most common cause of 
lymphedema worldwide. It is caused by the microfilariae of 
Wuchereria bancrofti and Brugia malayi, which can be trans-
mitted to humans by different mosquito species. When these 
microfilariae reach the lymph vessels, they develop into 
adult worms; the resulting inflammation and fibrosis cause 
progressively increasing lymphatic obstruction. Elephantiasis 
is the end result of repeated infections, developing over many 
years.

Another tropical form of lymphedema is podoconiosis 
(endemic nonfilarial elephantiasis), a noninfectious geo-
chemical disease of the lower limb lymphatic vessels evolv-
ing from chronic barefoot exposure to red-clay soil 
originating from volcanic rock. The hypothesis is that min-
eral particles in red-clay soils are absorbed through the skin 
of the foot and phagocytized by macrophages in the lym-
phatic system of the lower limbs, thus causing an 
 inflammatory reaction in the lymphatic vessels resulting in 
fibrosis and vessel obstruction [26].

As common remark, all chronic limb lymphedemas cause 
functional impairment, disfiguration of the limb, and severe 
psychological damage.

Intracavitary lymphedema is the accumulation of chyle 
in the peritoneal cavity. Chyle can be defined as “milky 
lymph” which flows from the lacteals of the gut through the 
cisterna chyli and then through the thoracic duct. Chylous 
ascites occurs after abdominal surgeries or neoplastic infil-
tration of the abdominal lymphatic structures, as well as fol-
lowing traumas, lymphatic dysplasia, intraperitoneal 
lymphatic fistula within the framework of congenital defects 
of the lymphatic system, rupture of the lymphatic cyst, as 
well as an infectious and inflammatory process in lymph 
nodes. Ascitic fluid with triglyceride levels greater than 
110  mg/dL is diagnostic of chylous ascites; total protein 
content varies usually from 1.4 to 6.4 g/dL, with a mean of 
3.7 g/dL.

Chylothorax is a form of lipid pleural effusion character-
ized by the presence of chyle in the pleural space, which can 
be the result of obstruction or disruption of the thoracic duct, 
or one of its major tributaries. A triglyceride concentration 
>110 mg/dL is virtually diagnostic, but the presence of chy-
lomicrons confirms the diagnosis. However, chylothorax 
defined by these criteria represents a heterogeneous group of 
clinical entities. The presence of chylomicrons or triglycer-
ide levels >110 mg/dL in a pleural effusion should be consid-
ered evidence of chyle leakage of indeterminate clinical 

significance. In the case of an acute or chronic chylothorax 
due to possible injury of the thoracic duct injury, this evalua-
tion is crucial, as surgical ligation of the thoracic duct is 
often entertained. In contrast, a cholesterol-rich effusion is 
typically the result of long-standing pleurisy with elevated 
cholesterol levels in the pleural space; most cases of choles-
terol pleural effusions are attributed to tuberculous or to 
rheumatoid pleurisy. Distinguishing between a chylothorax 
and a cholesterol effusion is critical. A chylothorax develops 
after injury or obstruction of the thoracic duct, leading to 
leakage of chyle into the pleural space, and is characterized 
by an increased triglyceride concentration and by the pres-
ence of chylomicrons. In contrast, a cholesterol effusion is a 
long-standing effusion associated with an elevated choles-
terol concentration (usually greater than 250  mg/dL) and 
with a thick pleural rind; this condition represents a form of 
lung entrapment. The accumulation of chyle in the pericar-
dial space, or chylopericardium, occurs most frequently after 
trauma, and cardiac and thoracic surgery, or in association 
with tumors, tuberculosis, or lymphangiomatosis. When its 
precise cause cannot be identified, it is called primary or 
idiopathic chylopericardium, a quite rare clinical condition. 
Etiology can be primary or the result of various clinical situ-
ations, particularly trauma (thoracic duct lesions), neoplasms 
(primary such as lymphangioma or through invasion of the 
lymphatic system by other neoplasms), and filaria infection. 
Primary forms are the result of malformation of the intestinal 
lymph circulation and its relationship with the systemic cir-
culation, resulting in megalymphatics that develop fistulas 
following even minimal trauma, and that can be located at 
atypical sites in the body.

Key Learning Points
• The cardinal manifestation of lymphatic dysfunc-

tion is lymphedema.
• Primary lymphedemas have been identified in 

hereditary diseases associated with specific genetic 
defects.

• Secondary lymphedemas occur secondarily to any 
causes originating primarily outside the lymphatic 
system.

• Secondary lymphedemas are more common than 
primary lymphedemas; the post-thrombotic syn-
drome, surgical or radiation therapy, trauma, infec-
tions, and neoplasms are the most frequent 
etiologies.

• Intracavitary lymphedema may occur because of 
accumulation of lymph in the peritoneal cavity, as 
well as in the pleural or in the pericardial space.

2 Pathophysiology of Lymphatic Circulation in Different Disease Conditions
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2.6  Lymphatic Malignancies

Solid tumors can originate in the lymphatic tissues. 
Lymphangiosarcoma, a malignant tumor of unknown molec-
ular pathogenesis, causes primary or secondary lymph-
edema. Lymphangio-leiomyomatosis is a tumor characterized 
by the infiltration of abnormal smooth-like cells through the 
pulmonary interstitium, perivascular spaces, and lymphatics 
of young females, and it leads to lymphatic disruption and 
final respiratory failure. Kaposi’s sarcoma is an angiogenic 
tumor of lymphatic endothelial cells (LECs). The lymphatic 
vessels also provide a route for tumor cells to metastasize, 
and the lymph node microenvironment may select tumor 
cells with increased metastatic potential.

2.7  Lymphangiothrombosis and Acute 
Lymphangitis

Obliterative processes consequent to lymphangiothrombosis 
or recurrent lymphangitis might occur in the same way as for 
veins, since lymph can clot in the same way as blood; 
 unfortunately, there is no clinical investigation for ascertain-
ing the presence of lymph thrombosis.

Lymphangitis, an inflammation of the lymphatic collec-
tors, is clinically evident as a red streak up the limb corre-
sponding to the inflamed vessels. Edema is often an 
accompanying feature. Infection is generally limited to the 
lymph nodes, and lymphadenitis may give rise to painful 
swelling in the groin or axilla (depending on the site of infec-
tion). Lymphangitis can be recurrent. When lymphatic insuf-
ficiency exists and the local system fails in its host defense 
duty, recurrent infection can occur, presenting clinically as 
recurrent erysipelas.

Erysipelas is a skin infection that is usually caused by 
β-hemolytic group A streptococci. After having had erysipe-
las in an extremity, a significant percentage of patients devel-
ops persistent swelling or suffers from recurrent erysipelas. 

Although persistent swelling after erysipelas is most likely 
caused by secondary lymphedema, a study [27] proved that 
patients presenting with a first episode of erysipelas often 
have signs at lymphoscintigraphy of preexisting lymphatic 
impairment in the other, clinically non-affected, leg. This 
means that subclinical lymphatic dysfunction of both legs 
may be an important predisposing factor. Therefore, treat-
ment of erysipelas should focus not only on the infection, but 
also on the lymphological aspects; in this regard, long-term 
treatment for lymphedema is essential in order to prevent 
recurrence of erysipelas and aggravation of the preexisting 
lymphatic impairment.

Based on the clinical experience that lymphangitis or cel-
lulitis is not always followed by the development of lymph-
edema, it can be speculated that lymphedema is the result of 
vulnerable lymphatics with preexisting lymphatic insuffi-
ciency, although proving which came first—the cellulitis or 
the lymphatic insufficiency—is still difficult.

2.8  Pathophysiology of Lymphatic 
Circulation in Systemic Diseases

The new emerging concept of lymphangiogenesis strongly 
emphasizes the contribution of lymphatic circulation to the 
initiation, maintenance, natural history, or therapeutic 
approach to a broad array of systemic diseases, including 
obesity, atherosclerosis, and cardiovascular diseases.

2.8.1  Obesity

Abnormality in the pathophysiologic regulation of lymphatic 
circulation might be involved in the pathogenesis of obesity. 

Key Learning Points
• Tumors can originate in the lymphatic tissues.
• Most frequently, the lymphatic circulation serves as 

the primary route for the metastatic spread of tumor 
cells to regional lymph nodes.

• Propagation to lymph nodes is one of the main 
prognostic factors in patients with solid epithe-
lial cancers: after reaching the SLNs, tumor cells 
will spread into distant lymph nodes and other 
organs.

• On the other hand, direct hematogenous metastatic 
spread can occur independently from metastatic 
spread through the lymphatic system.

Key Learning Points
• There are no clinical investigations for ascertaining 

the presence of lymph thrombosis.
• Lymphangitis, an inflammation of the lymphatic 

collectors, is clinically evident as a red streak up the 
limb; edema is often an accompanying feature, and 
lymphangitis can recur.

• Erysipelas is a skin infection usually caused by 
β-hemolytic group A streptococci.

• Subclinical lymphatic dysfunction may be an 
important predisposing factor for erysipelas.

• Therefore, treatment of erysipelas should focus not 
only on the infection per se, but also on the lym-
phatic components of the clinical problem.

• This includes long-term treatment of lymphedema in 
order to prevent recurrence of erysipelas and further 
worsening of the preexisting lymphatic impairment.

R. Di Stefano et al.
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The link between lymphatic function and adipose biology 
has recently been recognized [28]. Lymph nodes and collect-
ing lymphatic vessels are usually embedded in visceral or 
subcutaneous fat, thus suggesting a relationship between 
lymphatic vessels and adipose metabolism. Additionally, 
ectopic growth of adipose tissue is observed in edematous 
regions of patients suffering from chronic lymphedema. In 
rats, chronic inflammation of the peripheral lymph nodes 
increases the number of adipocytes surrounding the nodes. 
Moreover, increased deposition of subcutaneous fat in edem-
atous regions has been described in lymphedema-carrying 
Chy-mice with heterozygous inactivating mutation in 
VEGFR3, thus supporting the hypothesis that the lymph is 
adipogenic. Indeed, mice with heterozygous Prox1- 
inactivating mutation were found to have leaky lymphatic 
vessels and to develop obesity and inflammation resembling 
late-onset obesity in humans [29]. Prox1 heterozygous mice 
constitute the first in vivo model of lymphatic mediated obe-
sity, where the leading cause of the obese phenotype is the 
abnormal lymph leakage due to disruption in lymphatic vas-
cular integrity, particularly of the mesenteric lymphatic ves-
sels; leaking of lymph exerts a potent adipogenic stimulus, 
although the exact factor responsible for such stimulus is 
presently still unknown.

Obese adipose tissue expansion is an inflammatory pro-
cess that results in dysregulated lipolysis, increased circulat-
ing lipids, ectopic lipid deposition, and systemic insulin 
resistance. Lymphatic vessels provide a route of fluid,  
macromolecule, and immune cell clearance, and  
lymphangiogenesis increases this capability. Indeed, inflam-
mation-associated lymphangiogenesis is critical in resolving 
acute and chronic inflammation, but it is largely absent in 
obese adipose tissue. Enhancing adipose tissue lymphangio-
genesis could, therefore, improve metabolism in obesity. 
Furthermore, an improvement in obesity metabolism 
enhances lymphangiogenesis of adipose tissue. This hypoth-
esis has recently been proved in transgenic mice with induc-
ible expression of vascular endothelial growth factor 
(VEGF)-D under a tissue-specific lymphangiogenesis tightly 
controlled during obesity high-fat diets of 16 weeks. VEGF-D 
adipose overexpression induced de novo lymphangiogenesis 
in murine adipose tissue. When increasing VEGF-D signal-
ing and lymphangiogenesis specifically in adipose tissue, the 
immune accumulation associated with obesity is reduced 
and the metabolic response is favored [30].

2.8.2  Arterial Hypertension

In animal models of hypertension it has been observed that 
extrarenal control of sodium balance and blood pressure can 
reside in the glycosaminoglycans, macrophages, and lym-
phatic vessels of the skin. Sodium ions in the skin intersti-

tium can be stored in an osmotically inactive form bound to 
glycosaminoglycans that can provide an actively regulated 
interstitial Na+ exchange mechanism that participates in vol-
ume and blood pressure homeostasis [22]. Na+ magnetic 
resonance imaging of human body sodium distribution dem-
onstrates that sodium is primarily accumulated in the skin 
and muscles [31]. In a recent clinical investigation [32] of 
skin biopsies in 91 patients (both hypertensive and with nor-
mal blood pressure) who had elective surgery with abdomi-
nal skin incision, the content of Na+ and water, accumulation 
of macrophages (CD68), and density of lymphatic vessels 
(D2-40) and blood vessels (CD31) were calculated in the 
specimens of abdominal skin together with plasma 
NT-proANP, vascular endothelial growth factor (VEGF)-C, 
and VEGF-D concentrations. In the hypertensive group, the 
skin expression of CD68 and the serum concentration of 
VEGF-C were different than in the group with normal blood 
pressure. The results of this investigation suggest that cuta-
neous accumulation of Na+ is associated with the presence of 
hypertension and is also correlated with the presence of 
CD68 macrophages and with decreased prevailing levels of 
VEGF-C, thus implying that the lymphatic system contrib-
utes significantly to this cascade of events leading to hyper-
tension. These human observations suggest that further 
exploration of the lymphatic contribution to the pathogenesis 
and maintenance of hypertension might lead to novel inter-
ventions directed at the prevention and treatment of this 
highly morbid condition.

2.8.3  Atherosclerosis

Atherosclerosis is a chronic inflammatory disease of the 
arterial wall that develops silently over decades, evolving to 
fatty streaks characterized mainly by macrophages loaded 
with cholesterol esters. Continuous recruitment of mono-
cytes into plaques drives the progression of this chronic 
inflammatory condition, sustained at least in part by the 
deposition of cholesterol crystals and immunity against 
cholesterol- associated apolipoproteins.

Although the link between cholesterol and inflammation 
that drives disease progression is not completely understood, 
it is established that removal of cholesterol from the arterial 
wall constitutes a step toward regression of atherosclerosis.

The presence of lymphatics in the arterial wall was 
described more than 100  years ago [33]. The presence of 
lymphatic vessels in the adventitia of arteries adjacent to 
small blood vessels, the vasa vasorum, that are expanded in 
atherosclerotic plaques, suggests that lymphatic vessels have 
a role in the development of atherosclerotic plaques [34]. 
Recently the existence of lymphatic vessels has been demon-
strated in the adventitia as well as in intraplaque regions of 
human carotid endarterectomy specimens [35].

2 Pathophysiology of Lymphatic Circulation in Different Disease Conditions
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It is speculated that the lymphatic circulation could pro-
vide a protective pathway for lipid and inflammatory cell 
efflux from the arterial wall, thus counteracting the develop-
ment of atherosclerotic plaques. The multistep process of 
cholesterol mobilization from extravascular tissues to biliary 
and non-biliary excretion is termed reverse cholesterol trans-
port (RCT). Cholesterol removal from macrophage stores 
involves hydrolysis, mobilization, and efflux of cholesterol 
esters to lipoprotein acceptors such as apoAI, which results 
in the formation of HDL. HDL leaves the interstitial tissue 
and is transported through the bloodstream into the liver for 
disposal as biliary cholesterol and bile salts, or to the intesti-
nal wall for trans-intestinal cholesterol efflux.

Although the initial and final steps of RCT have been 
well characterized, it was only recently shown that HDL pri-
marily uses lymphatic vessels in the efflux from the intersti-
tium to the bloodstream. Indeed, experimental evidences 
showed that induction of lymphangiogenesis by the admin-
istration of VEGF-C into the footpad improved lymphatic 
function, decreased footpad cholesterol content, and 
improved RCT in ApoE−/− mice [36]. In contrast, surgical 
disruption of collecting lymphatic vessels in the popliteal 
area reduced RCT from the footpad by as much as 80%. In 
another study, surgical ablation of lymphatic vessels in the 
tail also blocked RCT. In Chy-mice, which selectively lack 
dermal lymphatic vessels, RCT from the rear footpad was 
impaired by ≤77% [36].

The relevance of lymphatic RCT in atherosclerotic plaque 
is a surprising finding, and it would be important to deter-
mine why HDL prefers lymphatic vessels instead of the post-
capillary venous system to exit the interstitial space.

Overall, animal models indicate that RCT is critically 
dependent on lymphatic vessels, and that the venous system 
is not enough to sustain RCT. Furthermore, inducing lym-
phangiogenesis could constitute a strategy to enhance 
RCT. This could be especially important in the case of hyper-
cholesterolemia and obesity, conditions that were shown to 
directly impair lymphatic vessel function.

Despite extensive investigations, it remains to be assessed 
whether inducing intimal or adventitial lymphangiogenesis 
could enhance RCT and reverse atherosclerosis in patients 
with cardiovascular disease [37].

2.8.4  Myocardial Infarction

The presence of lymphatic vessels in the arterial wall and 
their role in atherosclerosis have stimulated investigations on 
whether lymphangiogenesis might improve myocardial 
function, particularly in the infarcted or dilated heart, where 
wall tension is grossly elevated [35].

Following myocardial infarction, cardiac lymphatic ves-
sels undergo a profound lymphangiogenic response; in 
experimental settings in mice, ectopic VEGFC stimulation 

augments the lymphangiogenic response resulting in a tran-
sient improvement in post-myocardial infarction (MI) car-
diac function. Therefore, inducing lymphangiogenesis could 
provide a pathway for inflammatory cell efflux to tip the bal-
ance in favor of wound healing within the injured adult heart. 
Despite the endogenous cardiac lymphangiogenic response 
post-MI, the remodeling and dysfunction of collecting ducts 
contribute to the development of chronic myocardial edema 
and inflammation—aggravating cardiac fibrosis and dys-
function. Therefore, therapeutic lymphangiogenesis may be 
a promising new approach for the treatment of cardiovascu-
lar diseases [38]. The roles of lymphatic vessels in MI and 
atherosclerosis are summarized in Fig. 2.5.

Key Learning Points
• Current knowledge leads to speculation that lym-

phatic circulation is involved in the pathogenesis of 
cardiovascular diseases, including obesity, hyper-
tension, atherosclerosis, and myocardial infarction.

• Expansion of the adipose tissue in obesity is an 
inflammatory process that results in dysregulated 
lipolysis, increased circulating lipids, ectopic lipid 
deposition, and systemic insulin resistance.

• Lymphangiogenesis is critical in resolving acute 
and chronic inflammation, but it is largely absent in 
the adipose tissue of obese subjects; enhanced adi-
pose tissue lymphangiogenesis could, therefore, 
improve metabolism in obesity.

• The presence of lymphatic vessels in the adventitia 
of arteries adjacent to vasa vasorum (that are 
expanded in atherosclerotic plaques) and the pres-
ence of lymphatic vessels inside human carotid 
endarterectomy specimens suggest that lymphatic 
vessels have some role in the development of ath-
erosclerotic plaques.

• Cholesterol mobilization from extravascular tissues 
to biliary and non-biliary excretion, termed reverse 
cholesterol transport (RCT), is critically dependent 
on lymphatic vessels, and the venous system is not 
sufficient to sustain RCT.  The relevance of lym-
phatic RCT is a surprising finding.

• Cardiac lymphatic circulation might improve myo-
cardial function, particularly in the infarcted or 
dilated heart.

• Despite extensive investigations, it remains to be 
assessed whether inducing intimal or adventitial 
lymphangiogenesis could enhance RCT and thus 
reverse atherosclerosis in patients with cardiovas-
cular disease.

• Therapeutic lymphangiogenesis might constitute a 
promising new approach for treating cardiovascular 
diseases.

R. Di Stefano et al.
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2.9  Concluding Remarks

The cardinal manifestation of lymphatic malfunction is 
lymphedema. Overall data from the last decade, however, 
indicate that lymphatic circulation is critically involved also 
in the pathogenesis of cardiovascular disease, including 
hypercholesterolemia, atherosclerosis, and obesity.

The concept that inflammation promotes lymphedema 
has opened new pharmacological strategies and therapeutic 
targets. Enhanced insights into the interplay between inflam-
mation and pathological tissue remodeling are required to 
pave new therapeutic avenues in lymphedema and in other 
forms of lymphatic disorders.

The venous system is not sufficient by itself to sustain the 
multistep process of cholesterol mobilization from extravas-
cular tissues to biliary and non-biliary excretion, termed 
reverse cholesterol transport. In this regard, the lymphatics 
play an important role, and promoting lymphangiogenesis 
could constitute a novel strategy to enhance reverse choles-
terol transport.

Despite extensive investigations suggesting that therapeu-
tic lymphangiogenesis may be a promising new approach for 
the treatment of cardiovascular diseases, it still remains to be 
assessed whether inducing intimal or adventitial lymphangi-
ogenesis could enhance RCT and thus reverse atherosclero-
sis in patients with cardiovascular disease.
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plaque

HDL
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• Coronary artery remodeling?
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• Lymphatic vessel proliferation
• Resolution of inflammation
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Fig. 2.5 Role of lymphatic 
vessels in cholesterol 
metabolism, atherosclerosis, 
and myocardial infarction. (a) 
Epicardial lymphatic vessels 
stained for VEGFR3 and 
LYVE1. (b) Schematic 
overview of the heart with 
myocardial infarction caused 
by the occlusion of the 
atherosclerotic coronary 
artery. (c) Cross section of an 
atherosclerotic coronary 
artery and an adventitial 
lymphatic vessel. (d) 
Hypothetical model for the 
role of lymphatic vessels in 
high-density lipoprotein 
(HDL)-mediated cholesterol 
removal from atherosclerotic 
plaques (adapted from [10])
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3.1  Introduction

Exploration of lymphatic circulation with radiopharmaceuti-
cals constitutes one of the earliest applications of nuclear 
medicine, dating back to the early 1950s and steadily grow-
ing throughout the 1960s. A potent impetus to further growth 
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Learning Objectives
• To describe the radiopharmaceuticals; iodine-based 

CT contrast agents; contrast agents for MR, MRL, 
and PET/MRI; contrast-enhanced ultrasound imag-
ing; optical imaging agents; and multimodal 
tracers

• To understand the basic concepts behind the radio-
pharmaceuticals and instrumentations used for lym-
phoscintigraphy and radioguided surgery

• To outline the most recent advances in radiophar-
maceuticals and instrumentations

• To explain the working principles of handheld 
gamma probes and their most significant parame-
ters, including sensitivity, spatial resolution, energy 
resolution, and signal-to-noise ratio

• To review the available handheld gamma probes 
and portable imaging devices and their clinical 
implementation

• To describe the basic concepts and the equipment 
for the use of indocyanine green fluorescence tech-
nique in surgery
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in the clinical applications of lymphoscintigraphy derived 
from the introduction of agents for lymphatic mapping 
labeled with technetium-99m (99mTc). Up until the early 
1990s, the predominant applications of lymphoscintigraphy 
were for assessing lymphatic circulation in patients with 
peripheral edema (to discriminate edema caused by insuffi-
ciency of venous drainage from edema caused by insuffi-
ciency of lymphatic drainage) and for assessing the lymph 
node tumor status in patients with cancer (based on absent 
lymph node visualization along a certain lymphatic basin in 
case of massive lymph node metastasis).

Starting in 1992–1993, a real revolution occurred with 
the use of lymphoscintigraphy for sentinel lymph node 
(SLN) mapping, initially in patients with cutaneous mela-
noma or with breast cancer, but soon expanding to include a 
variety of other solid epithelial cancers. SLN mapping com-
bined with radioguided sentinel lymph node biopsy (SLNB) 
currently constitutes the standard of care for patients with 
melanoma, breast cancer, penile cancer, head and neck 
squamous cell cancers, and gynecological malignancies 
(primarily vulvar cancer and cervical cancer), while numer-
ous clinical trials for validation of this approach are under 
way in patients with prostate cancer and, among others, can-
cers of the gastrointestinal tract. Thus, SLN mapping is by 
far the most common application worldwide of lymphoscin-
tigraphy. On the other hand, peripheral lymphoscintigraphy 
in patients with edema or with intracavitary effusions main-
tains a well-established role in the clinical workup of these 
conditions—whereas the original use of lymphoscintigra-
phy per se for assessing the tumor status of lymph nodes in 
patients with cancers has completely vanished.

Advances in the design of novel radiopharmaceuticals for 
lymphatic mapping have gone in parallel with technological 
advances in instrumentations, both for external imaging and for 
intraoperative use during radioguided surgery. Technological 
advances also favor the development of hybrid imaging agents 
with multiple signatures (radioactive, optical, X-ray, or MR 
contrast) to take maximum advantage from the synergistic 
combination of different agents with different biological and 
physical properties—to the final best clinical benefit to patients.

This chapter reviews the status of the art of lymphatic 
mapping with regard to both the imaging agents employed 
and the instrumentations used for these investigations.

3.2  Radiopharmaceuticals for Lymphatic 
Mapping

3.2.1  Radiocolloids and Other Agents for SLN 
Mapping

Deposition of radioactive colloids in regional lymph nodes 
(LNs) was first observed by Walker after subcutaneous injec-

tion of colloidal gold (198Au) [1]. Since a significant fraction 
of the activity remained at the injection site after subcutane-
ous administration of colloidal 198Au (a radionuclide with a 
significant component of beta decay), radiation burden at the 
injection site limited the activity that could be safely admin-
istered. This led to search for agents with more favorable 
physical characteristics.

198Au was soon replaced with particulate materials 
labeled with the most widely employed radionuclide for 
routine diagnostic procedures, i.e., 99mTc (T1/2 = 6 h, exclu-
sive 140 keV gamma radiation, available locally through a 
generator). The agents developed to this purpose include, 
among others, 99mTc-sulfur colloids, 99mTc-rhenium sulfide, 
99mTc- nano- and micro-aggregated albumin, and 99mTc-anti-
mony sulfide [2–14]. Neither 99mTc-antimony sulfide nor 
99mTc- human serum albumin is currently commercially 
available in the United States. 99mTc-albumin nanocolloid 
(Nanocoll®) and 99mTc-rhenium sulfide colloids are used in 
Europe [15–18]. Filtered 99mTc-sulfur colloid (to limit par-
ticle size to about <200 nm or about <100 nm—depending 
on the pore size of the Millipore filter used) is one of the 
most commonly employed radiopharmaceuticals for lym-
phoscintigraphy in the United States. In addition, other 
radiocolloids such as 99mTc-stannous phytate [3], denatured 
99mTc-collagen colloid, and 99mTc-stannous fluoride can be 
used. 99mTc-labeled Dextran 70, a sucrose polymer of high 
molecule weight, is another radiopharmaceutical option that 
can be used for SLN detection [19]; although it is not a true 
colloid, this compound behaves in a similar fashion as 
radiocolloids following interstitial injection. Table 3.1 lists 
the main features of radiopharmaceuticals that have been 
employed for lymphoscintigraphy, while Figs. 3.1 and 3.2 
show the considerable variability in particle size among dif-
ferent preparations.

Generally, the labeling procedure consists of the adsorp-
tion of 99mTc on the particle’s surface at nonspecific sites. 
Colloid quantity, and hence the available adsorption surface, 

Table 3.1 Colloidal radiotracers and their particle size (modified from 
Bergqvist et al. [5])

Radiocolloid Particle size References
198Au-colloid 5 nm; 9–15 nm [4, 20]
99mTc-rhenium colloid (TCK-1) 10–40 nm; 

50–500 nm
[14, 21]

99mTc-rhenium colloid (TCK-17) 50–200 nm; 45 nm; 
3–15 nm

[14, 22]

99mTc-antimony sulfur colloid 2–15 nm; 40 nm [14, 23]
99mTc-sulfur colloid (unfiltered) 100–1000 nm [24]
99mTc-sulfur colloid (filtered) 38 nm (mean) [25]
99mTc-stannous sulfur colloid 20–60 nm [26]
99mTc-albumin nanocolloid 
(Nanocoll)

<80 nm [27]

99mTc-microaggregated albumin 
(Microlite)

10 nm [14]
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must be used in large excess. In other cases, the labeling pro-
cedure is carried out as a coprecipitation process of 99mTc 
(Fig. 3.3).

Many factors influence transport of molecules from the 
interstitium to the lymphatic vessels. Since solutes must 
interact and cross over with components of the extracellular 
matrix to enter the lymphatic circulation, extracellular matrix 
composition and solute properties have significant influence 
on their ability to move through the interstitium into the lym-
phatics [28]. The most important properties of molecules in 
this regard are weight, size, shape, and charge [29–31].

Although molecules are transported both by convection 
and by diffusion, their size has a major impact on which 
mechanism predominates [32, 33]. Small molecules are pri-
marily transported by diffusion, which is a slow process over 
longer distances. The slower transport of the largest mole-
cules is explained by mechanical interaction with the extra-
cellular matrix components, a mechanism that slows down 
movements of the molecules.

Uptake and retention of radiocolloids in lymph nodes 
greatly depend on the fact that they undergo phagocytosis 
once they have entered into the lymphatic circulation and are 
transported to the lymph nodes. The lymph node is a highly 
complex structure that contains lymphocytes, plasma cells, 
and macrophages in a collagen sheath. One fraction of the 
colloid remains inside the lymph node, where phagocytosis 
by macrophages occurs. The remaining portion, especially 
the smaller size fraction, proceeds through the efferent lymph 
vessels toward the next lymph node(s).

Colloids enter and exit the lymphatic circulation with dif-
ferent speeds depending on their sizes. Their migration 
through the lymphatic system is also inversely related to par-
ticle size. Particles smaller than a few nanometers usually 
leak into blood capillaries, whereas larger particles (up to 
about 100  nm) can enter the lymphatic capillaries and be 
transported to lymph nodes, where phagocytosis takes place 
[34]. Very small particles (<30 nm) migrate rapidly, with a 

HSA Microcolloid

HSA Nanocolloid

Antimony sulfide

Dextran

1 10 100

Ranges of Particle Sizes, nm

1000 10000

Rhenium sulfide

Stannous fluoride

Sulfur colloid (unfiltered)

Sulfur colloid (prefiltered)

Fig. 3.1 Schematic representation of the ranges of particle sizes in nm 
in the main radiopharmaceuticals employed for lymphoscintigraphy. 
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small proportion remaining in the first lymph node encoun-
tered, therefore resulting in the visualization of additional 
nodes along the same lymphatic path. Larger particles 
(>100 nm) are trapped in the interstitial compartment for a 
relatively long period of time [12]. The fraction of tracer that 
is phagocytized locally or in lymph nodes increases with 
increasing size [35]. The smaller the molecule, the less con-
vection influences its transport. Convection of dextrans of 
similar form, shape, and charge has been found to be signifi-
cantly faster at a molecular weight of 71 kDa than lighter (3 
and 40 kDa) and heavier (2 MDa) dextrans [36]. Albumin is 
convected three times slower than dextran of similar weight 
(71 kDa), thus suggesting that both the shape and the uneven 
distribution of charges in the albumin molecule have a rele-
vant impact on its ability to move through the extracellular 
matrix.

Thus, similar size molecules can vary in their transport 
properties. In particular, negatively charged dextrans convect 
faster than neutrally charged dextran of similar size and 
shape, demonstrating that negatively charged molecules 
move more easily through the extracellular matrix. This fea-
ture is explained by the fixed negative charge of the glycos-
aminoglycans in the extracellular matrix. The repelling 
forces between the negatively charged molecules and the 
negatively charged extracellular matrix components might 
reduce mechanical interaction, and thus lower the resistance 
against convection.

Differences in surface characteristics of the colloids 
may account for differences in lymph node uptakes [31]. 
Early studies with liposomes have shown that specific sur-
face properties (such as charge, hydrophobicity, and pres-
ence of targeting ligands) can influence both the rate of 
particle drainage from a subcutaneous injection site and 
the distribution within the lymphatic system. In rats, for 
instance, small, negatively charged liposomes localize in 
lymph nodes more effectively than positively charged ves-
icles when administered subcutaneously into the dorsal 
surface of the footpad [37].

These considerations are the main determinants for the 
selection of the suitable molecules both for peripheral 
lymphoscintigraphy and for SLN mapping. In fact, when 
peripheral lymphoscintigraphy is performed to assess and 
quantify tracer retention in local lymph nodes, the radio-
pharmaceutical should be characterized by high retention 
in the lymph nodes, i.e., should have a molecular size that 
promotes phagocytosis. Conversely, if depot washout tech-
niques are used, smaller tracers that mimic in vivo trans-
port of plasma proteins in the lymphatics (with faster 
interstitial and lymphatic transport and less local reten-
tion) are needed to produce faster and more reliable clear-
ance data [38].

In the case of SLN mapping, the use of small particle 
size may cause problems to the surgeon in distinguishing 

between the true SLNs and other radioactive sites. The use 
of large particles reduces considerably the number of lymph 
nodes detected along a certain lymphatic pathway. It has 
been estimated that for a colloid size between 20 and 
1000 nm, an average 1.3 lymph nodes are detected, whereas 
particles with size less than 80  nm show an average 1.7 
lymph nodes [39–44]. However, the trend of larger mole-
cules to remain at the injection site and their failure to enter 
in the lymphatic system may result in delayed or even no 
visualization of lymph nodes [45]. Therefore, the optimal 
colloidal size for lymphoscintigraphy is believed to be at 
least 80 nm and ideally around 200 nm [46].

There are significant advantages of using filtered 99mTc- 
sulfur colloid, including its low cost, excellent safety profile, 
and demonstrated clinical value. Nevertheless, this agent has 
several disadvantages, including minimal absorption from 
the injection site (typically <5% is absorbed), especially fol-
lowing subcutaneous administration, whereas intradermal 
administration is associated with faster absorption and visu-
alization of the cutaneous lymphatics often within 1  min 
after radiocolloid injection. Even in the absence of beta radi-
ation, the conversion electrons from 99mTc result in a radia-
tion dose of 1–5 rads/injection site (depending on the volume 
of the injectate and activity administered).

The slow transit into the lymphatic system requires pro-
longed imaging times. Furthermore, the unpredictable nature 
of the absorption and transit can make it very difficult to reli-
ably calculate tracer disappearance rates. 99mTc-sulfur col-
loid also requires an acidic pH to retain its stability, which 
often causes the patient to experience burning pain at the 
injection site [38]. The large particle size of 99mTc-sulfur col-
loid (30–1000 nm) [25] contributes to the minimal absorp-
tion and slow transit. An attempt to circumvent these 
difficulties led to the evaluation of filtered sulfur colloid for 
lymphoscintigraphy [25]. Utilization of a 0.1  μm filter 
yielded sulfur colloid with a stable particle size <50 nm. The 
properties of this filtered colloid are similar to those of anti-
mony trisulfide colloid.

Albumin nanocolloid (Nanocoll®) has a reproducible col-
loid size distribution (95% of the particles being <80  nm) 
and ease of labeling. Its rapid clearance from the injection 
site makes it suitable for quantitative studies, and injections 
are reportedly painless. Thus, 99mTc-albumin nanocolloid 
may be more suitable for quantitative studies than 99mTc- 
sulfur colloid.

In addition to radiocolloids, a novel tracer with a reten-
tion mechanism in lymph nodes different from that of col-
loidal particles has recently been approved, both in the 
United States and in Europe, specifically for SLN mapping. 
99mTc-mannosyl-DTPA-dextran (or 99mTc- tilmanocept, 
available commercially as Lymphoseek®) is a small-sized 
macromolecule with an average diameter equivalent to 
about 7.1  nm, which consists of a dextran backbone with 
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multiple units of DTPA and of mannose covalently conju-
gated with the dextran backbone. The DTPA molecules 
serve for labeling with 99mTc, while the mannose residues 
determine the binding of 99mTc-tilmanocept to CD206 man-
nose receptors that are abundantly expressed on the surface 
of macrophages lining the lymph node sinusoid spaces. 
Advantages of 99mTc-tilmanocept versus the radiocolloid 
tracers commonly employed for SLN mapping include 
faster clearance from the site of interstitial injection (due to 
the small size of the agent), and higher retention in the SLN 
(due to an avid, specific ligand-receptor binding mecha-
nism, which minimizes further migration of the agent to 
higher tier lymph nodes along the same lymphatic drainage 
pathway) [47].

Radioactive nanocolloids can also be used for PET, for 
example nanocolloidal albumin labeled with zirconium-89 
(89Zr, with physical decay half-life of 78 h) (Table 3.2) [48]. 
For the synthesis of this radiopharmaceutical, the precursor 
from the kit for labeling colloidal HSA with 99mTc was pre-
modified with p-isothiocyanatobenzyl-desferrioxamine B 
(Df-Bz-NCS) and labeled with 89Zr (Fig. 3.4).

To obtain Df-Bz-NCS-nanocolloidal albumin, 
polysorbate- citrate buffer (950 μL, pH 6.5) is added to the 
vial of nanocolloidal albumin (0.5 mg) followed by 45 μL of 
0.1 M Na2CO3 to reach pH 9, and 167 nmol of Df-Bz-NCS in 
20 μL of dimethyl sulfoxide (in 4–5 μL steps). After 30-min 
incubation at 37 °C, nonconjugated Df-Bz-NCS is removed 
by size-exclusion chromatography using a PD10 column and 

polysorbate-citrate buffer at pH  6.5 as the eluent. Then, 
200 μL of 89Zr-oxalate (20–25 MBq) is added to a wobbling 
reaction vial followed by 90 μL of 2 M Na2CO3. After 3 min, 
the following solutions are added: 300 μL of 0.5 M N-(2- 
hydroxyethyl)piperazine-N9-(2-ethanesulfonic acid) buffer, 
pH  7.0; 710  μL of Df-Bz-NCS-nanocolloidal albumin 
(0.18  mg); and 700  μL of 0.5  M N-(2-hydroxyethyl)
piperazine- N9-(2-ethanesulfonic acid) buffer, pH  7.0. The 
solution is incubated for 60  min at room temperature and 
then reaction mixture is purified through a PD10 column 
(eluent: polysorbate-citrate buffer, pH 6.5). No differences 
were observed between 89Zr- and 99mTc-nanocolloidal albu-
min regarding particle size and uptake in the regional lymph 
nodes, thus indicating that coupling with 89Zr does not alter 
the physic-chemical properties of nanocolloidal albumin.

3.2.2  Injected Volume and Activity 
for Lymphatic Mapping

The effects of varying concentrations of the particles and the 
influence of injected volume and activity parameters on the 
outcome of lymphoscintigraphy are still unclear. Bourgeois 
has investigated the effect of variable concentration (0.02 mg 
versus 0.2 mg) and volume (0.2 mL versus 1.0 mL) of 99mTc- 
HSA nanocolloids injected subcutaneously in the foot on 
lymph node uptake after 1 h during peripheral lymphoscin-
tigraphy. He found that inguinal activity was highest using 
the highest quantity in the lowest volume [51].

Improvement in the SLN identification rate from 83 to 
94% has been demonstrated with a 50% increase of injected 
activity [52]. Regarding volume of the injectate, because of 
the non-physiologic increase in interstitial pressure the 
administration of a large volume of injectate may lead to 
drainage toward both homoregional non-SLNs and to addi-
tional drainage regions [53].

Table 3.2 Radiopharmaceuticals for PET imaging of the lymphatic 
pathways

Radiotracer Half-life Ref
89Zr-albumin nanocolloid (Nanocoll) 78.4 h [48]
68Ga-NEB 67 min [49]
[18F]AlF-NEB 110 min [50]
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Fig. 3.4 Radiolabeling of compounds for lymphatic mapping with different positron-emitting radionuclides. (a) Df-Bz-NCS complex with 89Zr4+. 
(b) Radiolabeling of modified nanocolloids with 89Zr
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3.2.3  Factors Affecting Radiocolloid Uptake 
During Lymphatic Mapping

Mechanical massage over the radiocolloid injection site 
enhances the uptake and weakens the inverse correlation 
between particle size and speed of lymphatic drainage. 
Besides the influence of particle surface properties on radio-
colloid uptake [31], an increase in venous pressure decreases 
concentration of macromolecules and leukocytes in the lymph 
[54]. Particle uptake by the lymphatic system is also tempera-
ture dependent. In this regard, protein transport across the 
canine lymphatic endothelium is enhanced with increasing 
temperature [55]. In addition to temperature, the pH of lymph 
or interstitial fluid may also alter lymph or particle uptake/
transport. The colloid osmotic pressure of body fluids 
increases as pH increases (2.1  mmHg per pH-unit) [56]. 
Whether pH differences in interstitial or lymphatic fluid affect 
particle uptake in vivo, however, remains to be investigated.

Studies on prenodal collecting lymphatics of the lower 
extremities have shown that exercise indeed increases lymph 
flow [57, 58]. The type and intensity of the exercise have an 
important effect on the lymphatic function, and therefore on 
the outcome of a lymphoscintigraphic examination (see 
Chap. 4 for specific stress protocols).

3.2.4  Other PET Radiopharmaceuticals 
for Lymphatic Mapping

PET lymphography has been investigated with intradermal 
administration of [18F]FDG for combined diagnostic and 
intraoperative visualization of LNs [59]. Within 30 min after 
tracer injection, lymphatic vessels and LNs can be clearly 
revealed by PET in an animal modal. However, the clinical 
application of [18F]FDG PET lymphography is challenged 
by the fast migration of the small molecules into blood circu-
lation and it has never been translated into humans.

Recent developments of PET radiopharmaceuticals 
(Table 3.2) include a truncated form of the azo dye Evans 
blue (EB) after conjugation via a 1,4,7-triazacyclononane- 
N,N′,N″-triacetic acid (NOTA) linker (NEB) [60] labeled 
with either fluorine-18 by the formation of [18F]aluminum 
fluoride complex ([18F]AlF-NEB) or gallium-68 
(68Ga-NEB) (Fig.  3.5). The EB dye has high affinity for 
serum albumin and has been used clinically to determine 
blood volume [61]. Although recently discontinued in clin-
ical practice, EB is still used as a sensitive marker of pro-
tein leakage from the vascular lumen in a variety of tissues 
during inflammation and traumatic injury [62]. After intra-
venous injection, [18F]AlF-NEB complexed with serum 
albumin quickly, and thus most of the radioactivity 
remained in the blood circulation. [18F]AlF-NEB has been 
successfully applied to evaluate cardiac function in a myo-
cardial infarction model and vascular permeability in 
inflammatory and tumor models [50]; more recent studies 
have investigated [18F]AlF-NEB along with the EB dye for 
lymphatic imaging after interstitial injection. 68Ga-NEB 
synthesis consists of a mixture of 68Ga freshly eluted from 
a 68Ge/68Ga generator using HCl 0.05 M and mixed with 
NaOAc 0.4 M to adjust pH to 4.5, to a vial containing the 
NEB, shaking, and incubation in a heating block at 95 °C 
for 10 min. Then, the product requires a passage through a 
C18 cartridge, elution with 2  mL of 80% ethanol/water, 
dilution in sterile saline solution, and filtration on a 
0.22  μm aseptic filtration membrane. Quality control is 
performed with HPLC or ITLC, using CH3OH:NH4OAc 
(v/v 1:1) as eluent [50].

After a mean injected dose of 139.5  ±  10.36  MBq 
(3.77  ±  0.28  mCi), PET images acquired at 30  min after 
intravenous administration showed cardiac ventricles, major 
arteries, and veins. The liver, spleen, and kidneys are also 
visible, with relatively low activity, whereas the bladder 
showed high activity, increasing over time. Although the 
blood vessels in the brain showed high radioactivity, the nor-
mal brain tissue had negligible accumulation of 68Ga-NEB, 
indicating that the tracer does not cross the blood–brain bar-
rier. The mean absorbed radiation doses based on multiple- 

Key Learning Points
• Following the pioneer studies on lymphatic circula-

tion performed with colloidal 198Au, the most 
widely employed agents for lymphatic mapping are 
colloidal particles labeled with 99mTc.

• The feasibility of lymphatic mapping with 18F or 
89Zr labeling is also being explored.

• Injected volume and activity affect migration of the 
lymphatic mapping agents from the site of intersti-
tial administration and their migration through the 
lymphatic circulation.

• Other physicochemical and biological factors affect 
radiocolloid uptake.
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time- point PET revealed that the organs receiving relatively 
high doses were the kidneys, liver, spleen, and heart wall. 
The bladder wall also received high exposure due to renal 
excretion of the radioactivity (0.0683 ± 0.0090 mSv/MBq). 
The whole-body absorbed dose was 0.0151 ± 0.0001 mSv/
MBq, with an effective dose of 0.0179 ± 0.0003 mSv/MBq. 
Upon PET/CT imaging, the LNs and lymphatic vessels as 
well as other desired tissues can be visualized, as shown in 
Fig. 3.6 [63].

After local administration, NEB forms a complex with 
albumin in the interstitial fluid and travels through the lym-
phatic system. Therefore, for the study of patients with 
lymphedema subcutaneous injection can be performed (see 
Chap. 4 for specific protocols).

3.3  Iodine-Based CT Contrast Agents 
for Lymphatic Mapping

In order to achieve higher levels of X-ray attenuation than 
those observed for biological tissue, elements of higher 
atomic number (Z) are incorporated into the contrast agent 
molecule. Iodine (Z = 53; M = 127) has historically been the 
atom of choice for CT imaging applications [64]. Sodium and 
lithium iodide were among the first water-soluble imaging 
agents. However, due to the associated toxicity at the iodine 
concentrations necessary for imaging they are not suitable for 
most clinical applications. Consequently, covalently bound 
iodine provides a better option in contrast media design.

Small-molecule iodinated contrast agents can be classi-
fied into two main categories: the “ionic” and “nonionic” 
molecules. Most ionic iodinated contrast agents studied to 
date are negatively charged species. Although widely used in 
the clinical routine, these ionic iodinated imaging agents 
possess several inherent disadvantages compared to nonionic 
contrast media.

Currently used contrast media exhibit high water solubil-
ity, low binding to biological receptors, low toxicity, and 
high bio-tolerability. A number of such contrast agents (both 
ionic and nonionic, and mono- and two-ring structures) are 
approved for medical use and clinically used worldwide 
(Table 3.3 and Fig. 3.7).

After i.v. injection, a contrast medium travels to the right 
heart, the pulmonary circulation, and the left heart before 
reaching the central arterial system. Contrast medium rap-
idly redistributes from the vascular to the interstitial spaces 
of the organs. Since iodinated contrast media consist of rela-
tively small molecules that are highly diffusible, the trans-
port of contrast media is predominantly “flow limited” and 
far less “diffusion limited.” In a flow-limited process, the 
delivery of contrast medium through the circulatory system 
to an organ is a crucial determinant of contrast enhancement 
[65]. Well-perfused organs such as the kidney, the spleen, 
and the liver show high contrast enhancement during the ini-
tial circulation (first pass) of contrast medium to the organs. 
Contrast material-enhanced blood recirculates (normal recir-
culation may range in 15–40  s) and may contribute to the 
overall pattern of contrast enhancement achieved at CT 
imaging acquisition. For relatively long i.v. infusions, recir-

Key Learning Points
• Newer perspectives for PET imaging of lymphatic 

circulation are based on the use of new radiophar-
maceuticals including a truncated form of the azo 
dye Evans blue (EB) to be labeled with 68Ga or 18F, 
after conjugation via a 1,4,7-triazacyclononane- 
N,N′,N″-triacetic acid (NOTA) linker (NEB).

• The synthesis of 68Ga-NEB and [18F]AlF-NEB has 
been validated.

• Initial studies describe the biodistribution of NEB 
derivates in animal models as well as in humans, as 
evaluated by PET imaging.

5 min 10 min 15 min 30 min

45 min 60 min 75 min 90 min

Fig. 3.6 Multiple-time-point whole-body maximum-intensity- 
projection PET images of a healthy woman at 5, 10, 15, 30, 45, 60, 75, 
and 90 min after intravenous administration of 68Ga-NEB (reproduced 
with permission from ref: [63])

Table 3.3 Some common commercially available small-molecule 
iodinated contrast agents and their indicated clinical uses [64]

Common name Commercial name Manufacturer
Iohexol Omnipaque™ GE Healthcare
Iopromide Ultravist™ Bayer Healthcare
Iodixanol Visipaque™ GE Healthcare
Ioxaglate Hexabrix™ Mallinckrodt Imaging
Iothalamate Cysto-Conray II™ Mallinckrodt Imaging
Iopamidol Isovue™ Bracco Imaging
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culation can even occur during the infusion of the contrast 
material [66].

Contrast enhancement at CT is affected by numerous inter-
acting factors: patient (i.e., patient body size, cardiovascular 
circulation time, age, sex, venous access, renal function, 
hepatic disease), type and modality of contrast medium admin-
istration (i.e., duration of injection, injection rate, shape of 
injection bolus shape, contrast medium volume, concentra-
tion, physicochemical properties, use of a saline flush), and 
CT scanning. Contrast medium pharmacokinetics and contrast 
enhancement are determined solely by the patient and contrast 
medium factors and are independent from the CT scanning 
technique. Nevertheless, CT scanning factors play a critical 
role by allowing us to acquire contrast- enhanced images at a 
specific time point of contrast enhancement.

While current clinically approved small-molecule iodin-
ated CT contrast agents offer safety and imaging efficacy, 
they do suffer from several drawbacks, which prevent them 
from being used for all applications:

• Nonspecific biodistribution.
• As small-molecular-weight molecules, they tend to 

undergo rapid renal clearance.
• High osmolality and/or high viscosity of the contrast 

media formulations can lead to renal toxicity [67–69] 
and/or adverse physiological effects [70–72].

• High “per-dose” concentrations are required.

• High rates of extravasation and equilibration between 
intravascular and extravascular compartments at the cap-
illary level often make it difficult to obtain meaningful 
and clear CT images [73–75].

Contrast agents can access the lymphatic system by three 
different routes: intravenous, intralymphatic (direct lymphatic 
injection), or interstitial. Contrast agents for direct intralym-
phatic injection are not being developed due to the inherent 
difficulties in finding and cannulating the lymphatic vessels. 
Thus, the newer contrast agents tend to follow the other two 
routes. Methods developed for cancer imaging may well have 
application in other diseases affecting the lymphatics.

An iodized oil-in-water emulsion in which lipiodol was 
emulsified by a surfactant mixture (Tween 80 as the main sur-
factant and TPGS, Kollidon 12 PF, or Span 85 as the co- 
surfactant) was investigated in a preclinical study, showing 
that all the three types of emulsions formulated with different 
co-surfactants exhibited similar mean particle sizes (approxi-
mately 120–130 nm), and they were all effectively taken up in 
the targeted lymph node without significant differences in the 
mean values of peak Hounsfield units (HU), time to peak HU, 
and sustained enhancement duration. Lymph nodes showed 
peak enhancement 4–8 h after injection with sustained con-
trast enhancement, which means that the time window for CT 
can be expanded, in comparison with CT lymphography, 
using iopamidol. In addition, the compound was completely 
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eliminated on delayed CT imaging, in contrast with lipiodol. 
CT lymphography using lipiodol showed continuously 
increased attenuation values even after 1 week [76].

In dogs, at lower injection volumes (0.1–0.5 mL), uptake of 
contrast material in target lymph nodes appeared incomplete, 
although the node was still well visualized. When larger vol-
umes (2–4  mL) of contrast material were injected, marked 
opacification of target nodes occurred with good definition of 
lymph node margins. The dose response to iodinated particles 
injected subcutaneously or submucosally is predictable in terms 
of total iodine uptake and as measured by attenuation (HU) or 
iodine concentration in normal lymph nodes. Within the imag-
ing time range evaluated, peak enhancement of lymph nodes 
appears to occur between 12 and 24 h after injection of contrast 
material. In cancerous lymph nodes, although nodes with 
greater than 25% tumor replacement were larger and had a 
higher total iodine uptake per node, node opacification (as 
expressed in HU or milligrams of iodine per cubic centimeter of 
lymph node tissue) was less than that in normal nodes and in 
lymph nodes with 25% or less tumor replacement. In addition, 
characteristic architectural alterations, including changes in the 
cortex, medulla, and cortico-medullary junction that resulted 
from the presence of tumor deposits, were useful in distinguish-
ing between normal and cancerous lymph nodes [77]. In patients 
with breast cancer, 2 mL of iopamidol was administered into the 
two skin areas (the border between the upper medial and lateral 
quadrants, and the border between the lower medial and quad-
rants) overlying the left mammary gland, dividing the volume 
equally to identity SLNs. The exact mechanism(s) of iopamidol 
uptake and transport in the lymphatic system is still unknown. 
This agent appears to penetrate easily into the lymphatics 
through the clefts in the terminal lymphangioles of the intersti-
tial space, as with other water-soluble, low-molecular-weight 
solutes. The relatively long duration of the nodal enhancement 
may be related to slow transit and sequestration of iopamidol in 
the lymph node sinusoid spaces.

3.4  MR, MRL, and PET/MRI Contrast 
Agents for Lymphatic Mapping

The MRI signal arises from the excitation of low-energy 
nuclear spins, which occur in a permanent magnetic field by 
applying radiofrequency pulses followed by measurement of 
the spin relaxation processes (i.e., T1 recovery or T2 decay). 
Different chemical environments as well as water concentra-
tion result in different signal strengths and therefore provide 
contrast between fat, tissue, and bones. Paramagnetic com-
pounds can be used to enhance the contrast of MR images by 
promoting relaxation of water near the compound. MRI con-
trast agents are classified as either T1 (i.e., positive) or T2 
(i.e., negative).

The contrast agents in clinical use are low-molecular- 
weight Gd3+-based complexes (0.5–1 kDa) with one mol-
ecule of water in the inner sphere [78] and relaxivity 
ranging from 3 to 5 mM/s at 1.5 or 3 T (clinical magnetic 
fields).

The macromolecular contrast agent albumin–gadolin-
ium diethylenetriamine penta-acetic acid (albumin-Gd-
DTPA) consists of human serum albumin to which 
paramagnetic properties are conferred by covalent binding 
from 9 to 18 Gd-DTPA-chelates per protein molecule. 
Whereas Gd-DTPA distributes from the intravascular to 
the extravascular space and is rapidly cleared from the 
body through renal excretion [79], making it unfavorable 
as a blood pool agent, albumin- Gd- DTPA shows high 
relaxivity and remains largely confined to intravascular 
spaces [80, 81]. This compound has been used to quantify 
delivery, transport rates, and volumes of macromolecular 
fluid flow through the interstitial- lymphatic continuum in 
tumors [82].

Intracutaneous injection of extracellular, paramagnetic 
contrast agents has recently been proposed for identifying 
abnormal lymphatic pathways by MR lymphography (MRL) 
[83–85]. These agents include Gd-labeled dendrimers [86, 
87], macrocyclic Gd complexes [83], and Gd-labeled dex-
tran [88] (Table 3.4 and Fig. 3.8).Key Learning Points

• Iodine-based CT contrast agents can be classified 
into two main categories: the “ionic” molecules and 
the “nonionic” molecules.

• Biodistribution of iodinated contrast agents varies 
according to various factors that affect their binding 
to plasma proteins and/or to other endogenous 
compounds.

• High-viscosity iodinated contrast agents are being 
investigated as to their ability to explore the lym-
phatic structures and circulation.

• There are well-known drawbacks in the use of 
iodinated contrast media that should always be con-
sidered before administration to patients.

Table 3.4 Main features of Gd-based contrast agents with potential 
use of MR lymphography

Contrast agent
Enhancement and physicochemical 
effect References

Gd-DOTA Positive-ionic-macrocyclic [78, 89]
Gd-DTPA Positive-ionic-linear [78, 90]
Gd-DTPA-BMA Positive-ionic-linear [91]
Gd-HP-DO3A Positive-ionic-macrocyclic [92]
Gd-DTPA- 
BMEA

Positive-ionic-linear [93]

Gd-DO3A- 
butrol

Positive-ionic-macrocyclic [78]

Gd-BOPTA Positive-ionic-linear [78]
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Fig. 3.8 Most common Gd complexes used as MRI contrast-enhancement agents. (a) Gd-labeled dendrimers. (b) Macrocyclic Gd complexes. (c) 
Gd-labeled dextran (reproduced with permission from ref. [78])
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3.4.1  Dendrimers for Lymphatic Mapping

This definition identifies a family of synthetic monodis-
persed polymers that can be produced at predefined and 
chemically identical sizes. Two forms of dendrimers are 
commercially available: poly-amidoamine (PAMAM) and 
diaminobutane-core poly-propylimine (DAB or PPI). 
Different generations (sizes) of dendrimers have been inves-
tigated as MRL macromolecular contrast agents. Kobayashi 
et al. used interstitially injected generation-6 (G6) PAMAM 
dendrimers to image the lymphatic system and SLNs in nor-
mal mice and in mice with xenografted breast tumors [94]. 
G6 was injected directly into the mammary gland or peritu-
morally, and three-dimensional reconstruction was used to 
aid anatomical localization. The same group used a similar 
contrast agent in a mouse lymphoma model [95]. They were 
able to differentiate normal and abnormal lymphatics and to 
distinguish intralymphatic from extra-lymphatic disease. 
Kobayashi et al. also compared MRL with either PAMAM 
dendrimers of different generations or less hydrophilic DAB 
generations in murine models [86]. PAMAM-G8 was 
retained in the fine lymphatic vessels without major leakage, 
thus resulting in excellent imaging of the lymphatic chan-
nels. However, PAMAM-G4 provided a better contrast of 
lymph nodes that were close to the liver, due to a reduced 
background signal. DAB dendrimers are expected to clear 
more rapidly from the circulation due to their uptake and 
excretion by the liver and kidneys. Indeed, DAB-G5 was 
cleared more rapidly from the lymphatic vessels, but retained 
in the lymph nodes. Therefore, PAMAM dendrimers may 
perform better for imaging the lymphatics, while DAB den-
drimers are more optimal for lymph node imaging.

Another interesting advance in lymph node imaging is 
the use of dual-modality contrast agents. Talanov et  al. 
synthesized a PAMAM G6 dendrimer conjugated to gado-
linium for MRL and to the cyanine derivative Cy5.5 for 
optical imaging [96]. The agent was injected into the 
mammary fat pad of mice and SLNs were successfully 
imaged on MRI, followed by similarly successful optical 
imaging.

3.4.2  Superparamagnetic Iron Oxide 
Particles (SPIONs and USPIOs) 
for Lymphatic Mapping

Superparamagnetic iron oxide nanoparticles (SPIONs) [97] 
are single-domain magnetic iron oxide particles with hydro-
dynamic diameters ranging from single nanometers to 
>100  nm [98–100]. SPIONs are typically classified into 
three categories based on their hydrodynamic diameter: (1) 
oral (large) SPIONs at 300 nm–3.5 μm, (2) standard (regu-
lar) SPION (SSPIO) nanoparticles at 50–150  nm, and (3) 

ultrasmall SPIO (USPIOs) nanoparticles less than 50  nm 
[99, 100].

Larger SPIONs exhibit higher nonspecific uptake by the 
mononuclear phagocyte system or reticuloendothelial sys-
tem than smaller USPIOs, which indicates a higher percent-
age of passive uptake of larger particles for tissues rich in 
macrophages, such as the liver, spleen, lymph nodes, or bone 
marrow [99]. Faster biodegradation rates in the liver and 
spleen have been recently reported for monodisperse 5 nm 
iron oxide cores in comparison with 15 and 30 nm iron oxide 
cores coated with the same coating molecules [101].

SPIONs can be monodisperse and coated with biologi-
cally compatible ligands, are chemically and biologically 
stable [102], and are generally nontoxic in  vivo [103]. 
However, commercially available SPION contrast agents 
are composed of polydisperse inorganic cores ranging from 
∼16 to ∼200 nm. Generally, large SPIONs function as T2 
contrast agents, whereas small SPIOs have limited T2 activ-
ity and therefore are potential T1 contrast agents. In addi-
tion, the large size of existing SPIONs [104] prevents their 
efficient renal clearance after i.v. administration, thus 
greatly differing from GBCA as to their clearance pathways. 
As a result, large HD SPIONs predominantly accumulate in 
the body [105] and can cause a persistent negative contrast 
over several weeks or months, which prevents repeated 
imaging studies and limits the clinical management of 
patients. Furthermore, current SPION formulations are 
almost quantitatively metabolized and absorbed into the 
iron pool, thus potentially causing clinical side effects due 
to iron overload [105].

USPIOs are macromolecular MR contrast agents with a 
long serum half-life that can be utilized for systemic lymph 
node imaging. Following intravenous injection, they are 
phagocytosed by circulating macrophages and transported to 
the lymph nodes. Clustering of the iron oxide particles within 
these phagocytic cells produces local field inhomogeneities 
and results in decreased signal intensity on T2- and T2∗-
weighted images [106]. The pharmacodynamics of USPIO 
dictates that the optimal time for imaging is 24–36 h after 
administration. Anzai et  al. have shown that the dose of 
USPIO administered affects the degree of signal reduction 
[107]. They injected dose ranges of 0.3–1.7 mg Fe/kg in five 
healthy volunteers. The 1.7 dose produced the greatest signal 
decrease on T2∗-weighted imaging. Further studies have 
suggested that a higher dose of 2.6 mg Fe/kg performs even 
better. However, the higher concentrations of iron within the 
lymph node may mask small intranodal tumor cell foci [108]. 
The translation of these macromolecules into clinical appli-
cation is restricted by delayed renal clearance and uptake 
into the reticuloendothelial system. Furthermore, interstitial 
MRL with commercially available extracellular Gd chelates 
is markedly limited by nonspecific distribution. In fact, the 
contrast agents circulate and then freely distribute in the 
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extracellular space. Extracellular fluid agents are mainly 
eliminated by renal excretion. Gadolinium enters the liver 
through the hepatic artery and portal vein, and is freely redis-
tributed into the interstitial space. In contrast to iodine mol-
ecules, which are imaged by CT, the effect of gadolinium is 
assessed by MR imaging rather than by imaging the mole-
cule itself. Gadolinium exhibits an amplification effect, 
because several adjacent water protons surrounding a gado-
linium atom are relaxed.

Despite the promise of MMCMs for use in MRL, USPIOs 
are the only agents that have been investigated in humans. 
Iron oxide-based contrast agents seem ideally suited to 
lymph node imaging when used for staging purposes. 
However, for SLN mapping, interstitial injection of Gd-based 
macromolecules, such as dendrimers, seems to be a superior 
choice.

3.5  Contrast-Enhanced Ultrasound 
Imaging for Lymphatic Mapping

Contrast-enhanced ultrasound (CEUS) using microbubbles 
has been widely used both in preclinical experiments and in 
the clinical setting [109–116]. Microbubbles are gas-filled 
particles with an average diameter of several micrometers 
(Fig. 3.9). Microbubbles larger than red blood cells (RBCs) 
would be trapped in the capillaries, and submicron-size 
microbubbles scatter ultrasound poorly and have insufficient 
stability. During ultrasonography, the energy pulses gener-
ated by the transducer array cause rapid variations of pres-
sure (up to several megapascals) in tissues. Therefore, 
microbubbles in blood undergo volume oscillations at clini-
cal diagnostic ultrasound imaging frequencies (1–15 MHz). 
Microbubbles vibrate, resonate, and re-emit sound, and 
resulting backscatter ultrasound signal is detected. The re- 
emitted ultrasound contains signal at harmonic frequencies 
[118]. Sensitive microbubble detection relies on the ability 
of the imaging system to differentiate bubble backscatter sig-
nal from tissue background. Modern ultrasound imaging 
techniques can depict individual bubbles with particle mass 
less than 1 pg [119]; hence the required mass of ultrasound 

contrast material is low, comparable with the dose of some 
nuclear medicine agents. For clinical enhancement of the 
blood pool, a microbubble contrast aqueous dispersion vol-
ume of 0.1–5 mL (concentration ≈109 bubbles/mL) is rou-
tinely injected or infused i.v.

Once administered i.v., micron-size bubbles circulate in 
the bloodstream for minutes [120]. The bubble clearance 
mechanism is different from clearance of other types of mic-
roparticles and nanoparticles, in that gas is cleared through 
gas exchange via expiration by the lungs. For example, 
within 6 min after i.v. administration of perflutren (Optison), 
99.9% of C3F8 is exhaled. Residual microbubble shell mate-
rial and some intact bubbles are cleared by phagocytosis (the 
rate of this process depends on the bubble shell material and 
PEG coat) [121]. The major sites for microbubble accumula-
tion are the liver (Kupffer cells) and spleen (macrophages) 
[122, 123].

Ultrasound contrast agents are generally considered safe, 
since serious adverse events have been reported very rarely 
[124]. In 2007, the U.S.  Food and Drug Administration 
(FDA) introduced a “black box” warning for microbubble 
use owing to the risk of serious cardiopulmonary reactions in 
some patients. The warning was later relaxed because it was 
recognized that the rate of adverse reactions of microbubbles 
is comparable to or lower than that of other types of contrast 
agents [125], and use of microbubbles does not affect mor-
tality in an undesired way [126].

In preclinical studies, microbubbles have been shown to 
accumulate in SLNs but not in second- tier lymph nodes, 
probably due to the avidity of macrophages for the shell 
material [127, 128]. In a pilot clinical trial, patients with 
breast cancer received a periareolar intradermal injection of 
microbubbles preoperatively, lymphatic channels were visu-
alized immediately by ultrasonography, and putative axillary 
SLNs were identified. The sensitivity of SLN detection in 
this study was 89% [129]. Similar to MRI, differentiation of 
benign and malignant lymph nodes can be achieved with 
CEUS because of the different accumulation of microbub-
bles in normal and metastatic LNs [130]. Several limitations 

Key Learning Points
• Contrast agents for MR imaging, MR lymphogra-

phy, and PET/MRI are described in this section.
• Gadolinium contrast agents for MRI include Gd- 

labeled dendrimers, macrocyclic Gd complexes, 
and Gd-labeled dextran.

• The use and biodistribution of superparamagnetic 
iron nanoparticles as MR contrast agents are 
described in this section.

phospholipid molecule

SF6 gas

Fig. 3.9 General structure of microbubbles (reproduced with permis-
sion from ref [117])
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of CEUS prevent broad application of this technique for SLN 
mapping, such as poor spatial resolution, slow migration of 
the microbubble, inaccessibility to ultrasound exploration of 
the thorax and deep retroperitoneum, as well as its depen-
dence on operator experience [131].

Photoacoustic imaging (PAI) is a hybrid imaging modal-
ity based on the detection of the ultrasonic waves generated 
by pulse laser-induced transient thermoelastic expansion 
within biological tissues [132–135]. In combination with dif-
ferent contrast agents including methylene blue, carbon 
nanotubes, gold nanocages, gold nanorods, and gold nano-
beacons [136–139], PAI showed potential for improved 
detection of metastases in preclinical models. However, no 
clinical application has been reported so far, possibly due to 
the lack of bedside imaging system. In addition, the still lim-
ited signal penetration and challenges in control of the surgi-
cal field with conductive gel currently constitute serious 
drawbacks of this imaging technique.

3.6  Optical Imaging Agents for Lymphatic 
Mapping

Optical imaging is a rapidly advancing branch of medical 
imaging. The method does not imply radiation exposure, 
although the main advantage of optical imaging lies in its 
high resolution and its ability to image at a molecular level.

Substances that absorb light energy change to an unsta-
ble excitation state from the ground state and then revert 
back to the ground state after energy transition. This energy 
transition includes vibrational energy, heat energy, and 
light energy (fluorescence). A substance that selectively 
absorbs light of a certain wavelength is called a chromo-
phore. When it emits fluorescence after absorption of exci-
tation light, it is called a fluorophore. In most cases, 
fluorescent light has lower energy and a longer wavelength 
than the excitation light, since fluorophores release a cer-
tain amount of energy in the form of vibrational relaxation 
before photoemission. Some fluorophores can be adminis-
tered into the body to act as a kind of imaging contrast 
medium; these fluorophores are called exogenous fluoro-

phores. The body intrinsically emits fluorescence, as many 
components of the body exhibit weak fluorescence (auto-
fluorescence); these components are called endogenous 
fluorophores. Organic fluorophores include fluoresceins, 
rhodamines, and most cyanines. Among the many kinds of 
fluorophores, fluorescence tracers for biological applica-
tion are limited to biomolecules that emit near- infrared 
(NIR) spectrum wavelengths to minimize autofluorescence 
and improve signal-to-background ratios. Hemoglobin, 
muscle, and fat are least absorbent in this light range, thus 
allowing deeper tissue penetration of photons [140].

Currently, the U.S.  FDA-approved fluorescent contrasts 
include only fluorescein and indocyanine green (ICG) 
(Fig.  3.10). Newer organic fluorophores, including sulfo-
nated indocyanine dyes (e.g., Cy 7), sulfonated carbocyanine 
dyes (e.g., Alexa Fluor 750), and sulfonated rhodamine dye 
(e.g., Alexa Fluor 633), are synthetic fluorescent dyes with 
better optical characteristics and are more photostable and 
brighter than the preexisting original dyes [141]. Fluorescent 
probes are safe and they can be conjugated to antibodies, 
peptides, or proteins as optimal lymphatic tracers due to their 
small size. Since the conjugations of fluorophore and macro-
molecules may have a toxicity profile different from its origi-
nal components separately, their toxicity must be validated 
before clinical application. Furthermore, the optimal fluores-
cent signals are still insufficient to provide adequate image 
quality as compared to inorganic fluorophores, although 
their fluorescence is more intense than fluorescein or 
ICG. The main disadvantage remains the poor depth sensi-
tivity of the technique, since penetration beyond 1–2 cm is 
currently unrealistic; this factor mainly limits its use to ani-
mal studies or to human applications that require only super-
ficial imaging (e.g., SLN imaging).

ICG is an amphiphilic, tricarbocyanine iodide dye 
(mass = 751.4 Da) that is reconstituted in aqueous solution 
of pH 6.5 for intravenous injection. ICG was introduced as 
a blood pool agent to measure cardiac output and was 

Key Learning Points
• Microbubbles used for contrast-enhanced ultra-

sound imaging are described in this section.
• The biodistribution of microbubbles used for 

contrast- enhanced ultrasound imaging is described 
in this section.

• Microbubbles for contrast-enhanced ultrasound 
imaging are being employed in preclinical and clin-
ical trials as lymphatic mapping agents.
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Fig. 3.10 Chemical structure of indocyanine green (ICG)
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granted FDA approval in 1959 [142]. Intravascularly, the 
compound binds to plasma proteins that confine most of the 
bolus to the intravascular space until hepatic uptake and 
excretion into bile (with clearance rate of 18–24% per min-
ute by the liver) [143]. The plasma proteins, notably serum 
albumin and α- and β-lipoproteins, bind to the lipophilic 
component of ICG by the hydrophobic regions of the pro-
teins [144]. This interaction does not alter the protein struc-
ture but produces a nontoxic interface and decreases 
extravasation of the dye [145]. Plasma proteins compete 
with the tendency of the dye to aggregate in the blood; pro-
tein binding leads to the formation of ICG monomers from 
aggregates in an attempt to establish equilibrium [145]. Of 
the injected ICG, 98% is bound to plasma proteins while 
the remaining 2% is free in the serum. Free ICG is then 
excreted into the bile by glutathione S-transferase, while 
bound ICG remains within the intravascular space for a 
longer period [146].

While occupying the intravascular space, the continuing 
decomposition reaction of ICG releases singlet oxygen 
molecules that bind to the breakdown products and ther-
mally decompose into carbonyl compounds of low toxicity. 
Since the singlet oxygen remains within the ICG system, 
the dye has an LD50 (50% lethal dose) of 50–80  mg/kg. 
With a standard dose of less than 2 mg/kg, ICG is virtually 
nontoxic, provided that the patient does not suffer from 
allergy to iodide. The quick clearance rate allows the dye to 
be used for multiple injections during a procedure, thus 
being advantageous over other similar substances such as 
the clinical dye bromsulfthalein [147]. In general, ICG is 
regarded as safe; however, caution should be adopted in 
patients with renal failure [148]. Although ICG appears 
dark green under natural light, it appears more fluorescent 
than green once injected into the human body in amounts 
<20 mg [149]. The molecule is generally excited between 
750 and 800  nm, and fluorescence is viewed around the 
maximum peak of 832 nm [143].

Although ICG interacts with plasma proteins, its ten-
dency toward aggregation must be considered to set appro-
priate parameters for its application. For intravenous 

injection, water is the desired solvent as the sulfate group 
of ICG promotes its solubility, while saline solution pro-
motes aggregation of the molecule. The concentration of 
the dye must be kept below 15 mg/L in the body when used 
for fluorescent studies, because at higher concentrations it 
begins to aggregate as a result of van der Waals attractions 
[144]. In addition to aggregation properties, ICG is rela-
tively unstable before injection and is weakly fluorescent 
compared with alternative agents. The aqueous solution 
for injection has limited stability, especially when exposed 
to light, and must be used within 6–10  h after dilution 
[143]. As a result, ICG is produced and distributed as a 
powder for medical applications to reduce its decomposi-
tion before use.

Recent advances of nanotechnology have led to the 
development of quantum dots (QDs). A QD is a nano-sized 
crystal composed of semiconductor materials (Fig.  3.11). 
When QDs absorb enough light energy to cause an electron 
to leave the valence band and to enter the conduction band, 
an electron- hole pair is produced. During the recombina-
tion process between the electron and the hole, light is 
emitted [19, 28]. The emission wavelength is closely asso-
ciated with both the composition and size of the QD. As a 
consequence, the wavelength is dependent on the particle 
size when the material that makes up QDs is the same. 
Therefore, by changing the size of QDs, various emission 
wavelengths can be simultaneously produced by a single-
excitation light pulse, a property which enables multiplexed 
biological imaging. Advantages of QD over conventional 
fluorophores include a wider excitation range, a sharp and 
nearly symmetrical emission peak, higher quantum yields, 
greater penetration depth, longer photostability, and resis-
tance to photobleaching (due to their inorganic composi-
tion) [151, 152].

An in vivo multicolor lymphatic imaging technique with QD 
has been successfully employed in animal models [153]. Kim 
et  al. used type II QD, coated with polydentate phosphine to 
allow solubility and serum stability in mouse and pig models 
[154]. A 400 pm concentration of quantum dots was injected 
intradermally for SLN imaging. This method of SLN lymphog-

Core Shell Ligands

QD core/shell

Fig. 3.11 Schematic 
representation of the structure 
and chemico-physical 
properties of a quantum dot 
(QD) (reproduced with 
permission from ref [150])
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raphy was then shown to be equivalent to the traditional “blue 
dye” method, showing lymph nodes up to 1 cm deep, along with 
the lymphatic vessels. This technique may also allow more accu-
rate fluorescence analysis of SLNB specimens.

A critical limitation of QD technology is its potential toxic-
ity, since many of the current-generation QDs are based on a 
cadmium-selenium core. However, newer, more biocompati-
ble high-yield fluorescent nanoparticles are being developed 
[155]. The size of QDs makes them ideal candidates for imag-
ing the lymphatic system following interstitial injection. Hama 
et al. have shown the ability of fluorescence lymphangiogra-
phy using two NIR QDs with different emission spectra to 
visualize two separate lymphatic flows that drain into a com-
mon nodal basin [153]. Two QDs with emission peaks of 705 
and 800  nm were injected simultaneously into the mouse 
mammary fat pad and the middle phalanx of the upper extrem-
ity, respectively. The lymphatics were successfully imaged as 
they drained into the axillary lymph nodes. This technique 
could offer SLN detection while concurrently predicting the 
likelihood, or potential avoidance, of lymphedema following 
subsequent treatment. Padera et al. have demonstrated the use 
of multiphoton laser scanning microscopy (MPLSM) to obtain 
images of deep lymphatic vessels [156]. MPLSM uses a solid-
state laser to produce photons in pulses, and a computer-con-
trolled scanning mirror for detection. The light produced is in 
the infrared spectrum; thus the photons are of a longer wave-
length than confocal laser scanning microscopes, and are, 
therefore, less damaging to tissues and able to achieve greater 
depth penetration. Padera et al. showed an increased ability to 
quantify lymphatic size and were able to accurately calculate 
the density of angiogenic vessels. Leu et al. have shown the 
reliability of optical imaging techniques in humans. They 
compared 16 patients with systemic sclerosis with 16 age-
matched controls. Imaging of the fingers demonstrated evi-
dence of lymphatic microangiopathy in the affected skin of 
systemic sclerosis patients [157]. The advances summarized 
above, along with the development of newer biocompatible 
fluorescent markers, might in the future allow optical tech-
niques to be more widely used in patients.

3.7  Multimodal Tracers for Lymphatic 
Mapping

The recent development of nanotechnology has enabled to 
produce new multimodality functional imaging probes. PET/
optical dual-functional imaging probes are imaging agents 
which combine both a PET tracer and fluorescent tracer, 
allowing the convenient use of the combined system with 
single injection [158]. Fluorescence and gamma-emitting 
agents can also be conjugated for preoperative imaging and 
for intraoperative guidance [149]. In fact, the radionuclide 
provides deep-tissue imaging of the whole body, while opti-
cal imaging enables a longitudinal study even after radionu-
clide decay. Moreover, optical and PET or SPECT imaging 
can be cross-validated with dual-function probes, since 
replacing isotopes with fluorescent markers may affect the 
biodistribution of a tracer [159]. For example, Evans blue 
(EB), a dye molecule binding with plasma proteins, has been 
labeled with 99mTc (99mTc-EB, Fig. 3.12) for SLN mapping. 
99mTc-EB combines both radioactive and optical signals and 
can be administered as a single injection for SLN identifica-
tion [160]. A hybrid fluorescent-radioactive tracer has also 
been applied for SLN mapping by mixing ICG with 99mTc- 
labeled albumin nanocolloid (Fig.  3.13) [161]. The lym-
phatic drainage pattern of ICG/99mTc-nanocolloid is identical 
to that of 99mTc-nanocolloid in the clinical setting and all pre-
operatively identified SLNs could be localized using com-
bined radio- and fluorescence guidance intraoperatively.

Similarly, NIR/MR dual probes for lymphatic imaging 
have also been developed [162]. With these probes, both NIR 
and MR imaging can be obtained following a single injec-
tion. Most of the PET/MR and SPECT/MR bimodal imaging 
probes are nanoparticles or nano-sized structures, because it 
is difficult for small molecules to carry two or more imaging 
reporters and even targeting groups as a single entity due to 
their limited loading capacity (Table 3.5). The advantage of 
nano-sized structures is that they allow for carrying multi-
modal imaging reporters and targeting biomolecules. 
Approaches for the development of novel multimodal PET/
SPECT-MR probes are mainly through surface modifica-
tions, by conjugating an MR imaging reporter such as para-
magnetic Gd3+ or superparamagnetic iron oxides (SPIOs), Key Learning Points

• Indocyanine green (ICG) and quantum dots (QD) 
are used as optical imaging agents.

• Upon intravenous administration, ICG interacts 
with plasma proteins in a variety of ways.

• Upon interstitial administration, ICG can be used 
for optical guidance during lymphatic mapping for 
SLNB.

• The physicochemical properties of quantum dots 
and their applications for lymphatic mapping are 
described in this section.
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Fig. 3.12 Chemical structure of 99mTc-labeled Evans blue (99mTc-EB), 
with two 99mTc atoms conjugated with a single EB molecule
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and by incorporating a PET/SPECT radionuclide together 
with other functionalities.

SPIOs with a composition of MnFe2O4 (MnMEIO) coated 
with serum albumin were used to radiolabel the protein with 
124I (124I-SA-MnMEIO) as a bimodal imaging probe to image 
SLNs in vivo [163]. 124I-SA-MnMEIO can be directly radio-
labeled by conjugation of 124I with the ortho position of tyro-
sine residue in albumin using Iodo-Beads. The 124I ion from 
Iodo-Beads in solution will be oxidized to form a reactive 
124ICl species, which reacts with the ortho position of tyro-
sine. Two different LNs, brachial and axillary LNs, could be 
clearly identified and localized with PET/MR fusion imag-
ing; however, axillary LN was unambiguously spotted when 
MRI single modality was used only due to its location far 

from the injection site compared with brachial LN. A dual- 
PET/MR imaging probe, 68Ga-NOTA-IO-MAN, was synthe-
sized using a new methodology for targeting LNs [164]. A 
different strategy was developed to radiolabel clinically 
approved SPIOs such as Endorem/Feridex. A bifunctional 
chelator dithiocarbamate bisphosphonate (DTCBP) was 
conjugated with Endorem with high affinity for both the 
metallic radionuclide 64Cu and dextran-coated SPIO nanopar-
ticles to facilitate the radiolabeling in high yields, providing 
a highly stable bimodal probe both in vitro and in vivo [165]. 
PET/MR imaging studies confirmed the dual probe’s poten-
tial for imaging SLN in a non-tumor model. SPIOs radiola-
beled with 99mTc were reported as a dual-SPECT/MR probes 
feasible for imaging SLNs [166]. Both SPECT and MR 
images showed the accumulation of 99mTc-SPIONs in LNs 
after subcutaneous injection in rats. The high uptake of 
99mTc-SPIONs found in SLN from biodistribution studies 
indicated that 99mTc-SPIONs could have future applications 
in breast cancer and malignant melanoma. Inspired by the 
technology that the parent 68Ge radionuclide in the 68Ge/68Ga 
generator is bound to metal oxide TiO2, the SPIONs were 
labeled with 69Ge in the absence of a chelator, as a PET/MR 
probe. Incorporating PET radionuclides such as 69Ge and 
59Fe into SPIOs without a chelator during the nanoparticle 
synthesis is one of the new synthetic approaches to generat-
ing multimodal nanoparticles. For example, a dual-PET/MR 
probe 69Ge-SPION@PEG was prepared by incorporating 
69Ge, which was generated by 69Ga(p,n)69Ge from a cyclo-
tron, into SPIOs for SLN imaging. The hydrophilic coating 
poly(acrylic acid) (PAA) of SPION was PEGylated to 
increase the in vivo stability. Uptake of 69Ge-SPION@PEG 
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Fig. 3.13 Schematic process 
of ICG conjugation with 
99mTc-albumin nanocolloid. γ 
denotes radiation emitted 
from the radionuclide 99mTc, 
while λ denotes frequency of 
lights exciting ICG and, in 
turn, emitted by ICG 
(reproduced with permission 
from ref [89]: Buckle T, van 
Leeuwen AC, Chin PT, 
Janssen H, Muller SH, 
Jonkers J, et al. A self- 
assembled multimodal 
complex for combined 
pre- and intraoperative 
imaging of the SLN. 
Nanotechnology. 
2010;21(35):355101)

Table 3.5 Bimodal agents for imaging lymph nodes (LNs), including 
SLN mapping

Probe

PET or 
SPECT 
reporter MR reporter Applications References

124I-SA- 
MnMEIO

124I MnFe2O4 Axillary and 
brachial LNs 
imaging

[163]

68Ga-NOTA-IO- 
Man

68Ga SPIO LN imaging [164]

64Cu-DTCBP- 
SPION

64Cu SPION LN mapping [165]

99mTc-SPIONs 99mTc SPION SLN 
mapping

[166]

69Ge-SPION 69Ge SPION SLN 
mapping

[167]

89Zr-ferumoxytol 89Zr Ferumoxytol SLN 
mapping

[168]
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in normal BALB/c mice in the popliteal LN from in  vivo 
PET images and contrast enhancement in MR images dem-
onstrated its possible application in LN mapping [167].

Another PET/MRI multimodal nanoparticle, 
89Zr-ferumoxytol, has been tested in preclinical disease mod-
els, the results demonstrating that the particles can be used 
for high-resolution tomographic studies of lymphatic drain-
age [168].

Even more complex, trimodal imaging has emerged as a 
novel imaging strategy for translational research, which 
combines three different modalities together such as PET/
SPECT-MR-Optical to provide complementary information 
and achieve synergistic advantages over any single modality 
alone (Table 3.6). The main challenge of trimodal imaging 
lies in developing an efficient platform that incorporates var-
ious imaging modality reporters without disturbing each 
other while maintaining the entity intact.

A very interesting approach for the preparation of a PET/
MR/optical trimodal imaging probe is based on 124I conjuga-
tion with SPIO nanoparticles. Clearly, the trimodal nanopar-
ticles are characterized by the long physical emission half-life 
of 124I (4.2  days). Their emission of high-energy positron 
decay with a β+ mean energy of 819  keV led to strong 
Cherenkov radiation as an optical imaging reporter in which 
no fluorescent dye is needed, unlike in the case of previously 
described trimodal imaging reporter probes. SPION with 
cross-linked polymer coating layers containing PEG (TCL-
SPION) was selected as an MR imaging reporter [169]. 
Consistent results were also found in the ex vivo optical and 
micro-PET images of the dissected LNs. Similar to 124I, 68Ga 
enables Cherenkov radiation that can be used as an optical 
imaging reporter [170] MNP-SiO2(NIR797), a magnetic sil-
ica nanoparticle encapsulating the NIRF dye in a silica shell, 
was reported as a trimodal PET-MR-NIRF probe for in vivo 
SLN imaging in mice. Nanoparticles with particle size of 
45 ± 6 nm were selected for SLN mapping, as they were opti-
mal for entering the lymphatic vessels and retaining in the 
capillary vessels within the lymphatics. The trimodal tracer 
was injected into the forepaw of mice for SLN mapping using 
PET, MR, and NIRF. When 100 μg of 68Ga-MNPSiO2(NIR797) 
was subcutaneously injected, PET images of axillary and bra-
chial LNs and clear signals of NIRF in axillary and brachial 

LNs could be obtained; however, MR imaging of axillary 
LNs was possible only at doses higher than 200  μg of 
68Ga-MNPSiO2(NIR797) [171]. When radiolabeling with 
[18F]fluoride or 64Cu/99mTc-bisphosphonate (BP) conjugates 
to Fe3O4@NaYF4 core/shell nanoparticles with different cat-
ion dopants in the shell or core, the inorganic core-shell 
nanoparticles were applied as trimodal probes for SLN imag-
ing. In vivo LN imaging studies showed obvious advantages 
of combining different imaging  modalities. When combined 
with highly sensitive PET, but not MRI alone, the in  vivo 
imaging studies offered improved presurgical mapping of 
iliac and popliteal LN locations and provided more details to 
interpret SLN imaging that are relevant to the pathology of 
LNs and tumor metastasis in humans. Fluorescence could 
offer additional information of anatomical and functional 
changes during surgery and subsequently during pathological 
examination of excised tissues [172]. A mesoporous silica-
based triple-modal imaging nanoprobe (MSN-probe) pos-
sesses the long-term imaging ability to track tumor metastatic 
SLNs. In this system, three imaging tags including the NIR 
dye ZW800, T1 contrast agent Gd3+, and positron-emitting 
radionuclide 64Cu were integrated into MSNs by different 
conjugation strategies. Due to their high stability and long 
intracellular retention time, signals from tumor draining 
SLNs are detectable up to 3 weeks. These examples demon-
strate the advantages of using a PET/SPECT-MR bimodal 
probe for SLN mapping, which can be used to further evalu-
ate the metastatic status of a tumor [173].

Key Learning Points
• Hybrid multimodal agents include 99mTc-Evans 

blue, ICG conjugated with 99mTc-albumin nanocol-
loid, Gd3+, or superparamagnetic iron oxides 
(SPIOs) by incorporating a PET/SPECT radionu-
clide with its associated functionalities, such as 
124I-SA-MnMEIO, 68Ga-NOTA-IO-MAN, 99mTc- 
SPIONs, 69Ge-SPION@PEG, 89Zr-ferumoxytol, 
MNP-SiO2(NIR797), 68Ga-MNPSiO2(NIR797), 
and 64Cu- or 99mTc-bisphosphonate conjugates to 
Fe3O4@NaYF4 core/shell nanoparticles.

Table 3.6 Trimodal agents for imaging lymph nodes (LNs), including SLNs

Probe
PET (SPECT) 
reporter

MR 
reporter Third imaging reporter Applications References

124I-TCL-SPIONs 124I SPION 124I Cherenkov radiation as 
optical

SLN imaging [169]

68Ga-SPION 68Ga SPION 68Ga Cherenkov optical SLN imaging [170]
68Ga[MNPSiO2(NIR797)] 68Ga CoFe2O4 NIR797 fluorescence SLN imaging [171]
64Cu-DOTA-MSN-Gd-DTTA-
FTIC

64Cu Gd-DTTA FTIC fluorescence SLN mapping and tumor 
metastases

[172]

64Cu-ZW800-Gd3-MSN 64Cu Gd3-MSN ZW800 fluorescence SLNs [173]
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3.8  Instrumentations for Lymphatic 
Mapping

Conventional SLN mapping is based on the combined use of 
blue dye and lymphoscintigraphy, or on lymphoscintigraphy 
alone, with the perspective of using PET/CT or PET/MR 
imaging sometimes in the future [174]. To increase the per-
formance of the SLN procedure over conventional imaging 
with large field-of-view gamma cameras, intraoperative por-
table gamma cameras have recently been developed to obtain 
preoperative imaging of the SLN.  The following sections 
provide a review of the available intraoperative probes and 
portable imaging devices, their working principle, and clini-
cal implementation.

3.8.1  Intraoperative Probes for Radioguided 
Surgery

The working principle of the intraoperative probes for SLN 
detection (also called gamma probes) is the conversion of the 
140 keV photons emitted by 99mTc into electrons by photoelec-
tric effect or Compton scattering and the production of a signal 
processed by a custom readout electronics [175]. Indeed, most 
commercially available handheld gamma detection probes are 
generally designed for detecting radioisotopes of gamma-ray 
energies in the low-energy emission range (up to 150 keV) and 
medium-energy emission range (150–400 keV), which enable 
to detect radioisotopes such as 99mTc (140 keV), 111In (171 keV 
and 247 keV), 123I (159 keV), and 125I (35 keV).

The intraoperative probes for SLN detection can be 
divided into two main categories: the first one includes 
probes based on scintillation detectors (both crystal and plas-
tic types), while the second group includes the semiconductor- 
based probes [176–184]. The typical configuration for 
intraoperative probes, both for scintillator or semiconductor, 
is shown in Fig. 3.14.

The most significant parameters defining the perfor-
mances of gamma probes are (1) overall sensitivity (effi-
ciency), (2) spatial resolution (radial and lateral), (3) energy 
resolution, and (4) signal-to-noise ratio.

Sensitivity is the detected count rate per unit of activity 
and it is determined at the tip of the probe. Radial resolution 
is the width of the measurement cone where the radiation is 
detected at a defined distance. With a wider cone,  background 
signal may overcome the signal generated at the target source. 
With a narrower cone, background is reduced and detection 
of the target source is more accurate. Lateral spatial resolu-
tion is the capability to accurately localize the position of a 
target source and to separate two adjacent sources. Energy 
resolution is the capacity of the gamma detection system to 
discriminate between radiations of different energies. This 
property is essential to distinguish between two simultane-
ously administered radionuclides that have different energies 
and to discriminate scattered from primary photons. The lat-
ter property relates to the ability of the probe to discriminate 
the signal from the target with respect to the noise represented 
by the background radiation within the surrounding tissue.

The scintillator absorbs the radiation and emits a number 
of visible photons proportional to the energy absorbed; in 
turn, visible light is measured by using a photon detector, 
usually a photomultiplier (PMT). The crystals used for scin-
tillator detector probes include thallium-activated sodium 
iodide (NaI[Tl]), thallium-activated cesium iodide (CsI[Tl]), 
cerium-activated lutetium orthosilicate (LSO[Ce]), bismuth 
germanate (BGO), and cerium-doped gadolinium orthosili-
cate (GSO[Ce]).

The high penetration power of gamma rays means that 
background events could come from parts of the patient out-
side the target volume of interest. Although a fraction of 
these events is attenuated within the patient body, in order to 
further reduce the background the gamma probes are 
equipped with a shield (material such as lead, tungsten, gold, 
or platinum), and collimators (designed with different 
lengths and apertures for different field of views, FOV) that 
prevent attenuated radiation from nontarget locations (i.e., 
scattered radiation) from accessing the detector head and 
thus producing spurious counts. Side- and back-shielding 
can be important when there is a localized radiation source 
(the injection site of the 99mTc-labeled agent for radioguided 
SLNB) in close proximity with the target (the SLN). 
Collimation of the detector head results in better spatial reso-
lution and higher signal-to-noise ratio as compared to radia-
tion emitted from surrounding tissues. However, when 
collimation is too pronounced it reduces sensitivity of the 
probes, by decreasing the detection aperture and lengthening 
the distance to the actual source position. Furthermore, a 
thicker shielding or a longer collimator is needed when 
detecting higher energy gammas, but this increases the over-
all weight and size of the gamma probe.

handle

electronics:
PMT or amplifier

field of
view

scintillating crystal
or

semiconductor

cable to
console

γ rays
shield

Fig. 3.14 General design of a handheld intraoperative gamma probe 
for intraoperative search of the target tissue (SLN or tumor) to be 
resected during surgery, with schematic representation of its main 
components
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The final elements in the system are the electronics and 
the readout. Since the scintillator detector provides a signal 
proportional to the deposited energy, it is possible to make 
spectroscopy and to set the sensitive energy range of the 
probe to select the desired gamma energy and eliminate part 
of the scattered radiation. The count rate of the probe is then 
fed to a ratemeter, which also drives an audio output. An 
increase in loudness or frequency indicates to the surgeon 
proximity of the probe to the target tissue.

Semiconductors are a valid alternative to scintillators as 
detector material for the intraoperative probes. When radia-
tion is absorbed in a solid-state detector, ionization occurs by 
promoting electrons out of the valence band to the conduc-
tion band where electrons can flow in the crystal lattice. 
When the electron moves to the conduction band, a positive 
charge (hole) in the lattice is created which is free to move in 
the valence band. If an electric field is applied across the 
sensitive volume of the detector, the excess of charge (both 
electrons and holes) is collected by the opposite electrodes, 
thus providing a signal which is proportional to the energy 
released in the detector. Crystalline materials that are used in 
such detectors are cadmium telluride (CdTe), cadmium zinc 
telluride (CdZnTe), and mercuric iodide (HgI2).

Scintillation-based detection systems present both pros and 
cons with respect to semiconductor-based systems. On the one 
hand, scintillator-based detectors have a higher sensitivity 
(because of the higher density and atomic number they are 
better suited for medium-to-high gamma energy detection), 
but a poorer energy resolution and scatter rejection due to the 
indirect mechanism of the radiation detection (the primary 
gamma converts in the scintillator, then the light should be 
conveyed to the PMT, and the signal finally converted from 
optical to electrical). Furthermore, scintillation- based detec-
tors tend to have a much bulkier probe head profile and weight. 
On the other hand, semiconductor-based probes are direct 
detectors (the energy released in the material by radiation is 
directly converted into a charge signal) and thus they have a 
higher energy resolution and scatter rejection capability. 
Likewise, semiconductor-based probes tend to have a much 
more compact probe head design; they can be manufactured in 
small size and they can have a very thin entrance window that 
enables to count low-energy beta and gamma rays.

To improve SLN localization using a gamma probe dur-
ing surgery, a novel technological possibility is the so-called 
freehand SPECT device that combines a positioning system 
attached to the conventional gamma probe with a tracking 
system on the patient’s body and permits virtual reconstruc-
tion of the position of a radioactive source in a 3-D environ-
ment. In particular, the system combines acoustic signals 
with 3-D imaging for the localization of areas with focal 
radioactivity accumulation in the operating room. The sys-
tem consists of a spatial localization system and two tracking 
targets that are fixed on the gamma probe and on the patient, 

respectively [185]. The localization system consists of an 
optical camera and an infrared localization device. The 3-D 
images generated with the freehand SPECT probe are visual-
ized on the screen. The images can be displayed in real time 
so that information on the depth of a lymph node (or of other 
radiolabeled target tissue of interest, e.g., a hyperfunctioning 
parathyroid adenoma upon administration of 99mTc- 
sestamibi) is available (Fig. 3.15).

After the development of PET lymphoscintigraphy tech-
niques (described in Chap. 4), handheld gamma detection 
probes specifically designed for detecting the high-energy 
511 keV photon emissions generated by the electron- positron 
annihilation process, characteristic of radionuclides such as 18F 
or 68Ga, have recently become available. These probes have 
been designated as “PET” probes. The overall weight and size 
of these probes are generally dependent on the thickness of side- 
and back-shielding (typically in lead, tungsten, gold, or plati-
num) and the length of the collimator [186]. To improve the 
current “PET” probe design (increase of side/back-shielding, or 
collimation length, or crystal diameter/thickness) without result-
ing in configurations that are too large in size, too heavy, and of 
greater cost, novel “PET” probe designs are being developed in 
which the efficacy is not dependent upon side- and back-shield-
ing, collimation, or crystal diameter/thickness. Examples of 
such probes are secondary K-alpha X-ray fluorescence [187, 
188], active electronic collimation [188], and other crystal 
geometry designs using multiple small crystals with specific 
novel geometric configurations for optimizing and maximizing 
background rejection capabilities [188].

Many commercial intraoperative gamma probes are avail-
able; an example of a gamma probe with its console (control 
unit) is presented in Fig. 3.16 [189].

Several factors determine the choice of a particular intra-
operative probe. From the point of view of the surgeon, there 
are many desirable design features of detection probe sys-
tems that are important [175, 182]. Gamma probes for 
radioguided SLNB require high spatial resolution to allow 
for a more precise localization of small lymph nodes.

Other features such as the shape, weight, and ergonomical 
design of an intraoperative probe are critical. The audible 
signal and digital display of the detector control unit are also 
important for providing critical output information to the 
surgeon, enabling quick and accurate localization of the 
radionuclide without distraction from the overall activity in 
the surgical field. Flexibility and adaptability of the system 
are also functional to different clinical issues, such as remov-
able side-shielding, interchangeable collimators, inter-
changeable detector probes, and user-adjustable energy 
windows for different radionuclides. Finally, the recent 
development of handheld self-contained gamma detection 
probes based on wireless Bluetooth technology eliminates 
the need for cables that normally connect the probe to the 
control unit [190, 191].
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Fig. 3.15 Freehand SPECT device used for radioguided surgery in a 
patient with non-palpable breast cancer. (a) Overlay of freehand SPECT 
3-D image on the video display shows high retention of radiocolloid at 
the intratumoral injection site. (b) After tumor removal, the absence of 

radioactivity accumulation in the surgical field confirms complete exci-
sion of the tumor. (c, d) A similar approach is used to guide the surgeon 
for complete removal of SLNs (red arrows) (reproduced with permis-
sion from ref [185])

Key Learning Points
• Main kinds of handheld gamma probes for intraop-

erative use during radioguided surgery have been 
developed, depending on specific clinical use.

• Gamma probes for SLN detection can be divided 
into two categories: probes based on scintillation 
detectors (both crystal and plastic types) and probes 
based on semiconductor detectors.

• The physical principles most commonly used in 
gamma probes are the scintillation in an organic or 

inorganic material, and the production of electron- 
hole pairs in a semiconductor.

• Different materials are used for either scintillation 
or semiconductor gamma probes.

• Compact, ergonomical, flexible gamma probes for 
radioguided biopsy of the SLN with high spatial 
resolution have been developed.
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3.8.2  Portable Gamma Cameras 
for Lymphatic Mapping

Although non-imaging intraoperative probes are still the 
standard equipment for detection of the radiolabeled tissue 
in the operating room, they cannot provide further details on 
source configuration. The exact localization of a source can 
only be performed if the tip is under direct contact with the 
tissue after the surgical incision.

In this regard, intraoperative real-time imaging with por-
table gamma cameras provides an overview of all radioac-
tive hot spots in the whole surgical field [180, 192]. For 
instance, its position can be adjusted to also show SLNs 
near the injection area, which can easily be overlooked by 
using the non- imaging probe. Discriminating a SLN from 
an upper-tier node is based on the amount of counts simul-
taneously recorded with the camera, which can be corre-
lated to the preoperative scintigraphic images. The gamma 
camera can also be used in conjunction with the gamma 
probes.

Imaging devices must meet several requirements to be 
employed for the intraoperative use. Among them are a por-
table and stable design, no delay between image acquisition 
and display (real-time imaging), and possibility for continu-
ous monitoring, spatial orientation on screen, real-time 
quantification, and display of the counts recorded. Finally, 
they should also have an adequate spatial resolution, sensi-
tivity, and field of view.

Examples of such cameras are shown in Fig. 3.17. While 
the first devices were quite heavy and bulky handheld 
devices, new-generation portable gamma cameras are lighter 
and/or equipped with stable support systems.

Among the instruments available on the market, we men-
tion only few that implement these requirements with differ-
ent approaches in the radiation detector. One of the most 
widely used devices is the Sentinella S102 (from Oncovision, 
Valencia, Spain) [193] that is equipped with a CsI(NA) con-
tinuous scintillating crystal readout by PSPMTs and differ-
ent collimators (pinhole collimators, 2.5 and 4  mm in 
diameters, and divergent) (Fig. 3.17a). The pinhole collima-
tor enables visualization of the whole surgical filed depend-
ing on the distance between the camera and the source. The 
field of view is 4  ×  4  cm at 3  cm from the source, and 
20 × 20 cm at 15 cm from the source. This device has been 
integrated in a mobile and ergonomic support that is easily 
adjustable. The imaging head is located on one arm that 
allows positioning on the specific area. Another approach is 
based on the use of the CZT as radiation detector. For 
instance in the Anzai eZ-SCOPE Handheld Gamma Camera 
[194], the detector is made of a single tile of CdZnTe, pat-
terned in an array of 16 × 16 pixels at a pitch of 2 mm. The 
head is equipped with a series on interchangeable 
 parallel- hole collimators to achieve different performances 
in terms of spatial resolution and/or sensitivity. The field of 
view is 3.2 × 3.2 cm and weight is 800 g (Fig. 3.17b).

A further development of the intraoperative gamma cam-
era is the LumaGEM from Gamma Medica Ideas [195]. It is 
based on the CZT pixel technology and was originally devel-
oped for breast gamma imaging. The field of view is 
13 × 13 cm and the intrinsic spatial resolution is 2 mm. This 
camera is also equipped with exchangeable parallel hole col-
limator and it is integrated in a work-stand articulated arm.

Recent technological advances lead to speculate that, 
in the near future, the PMT-based systems will be 

Collimator

Detector Width

Detector Thickness

Collimator Length

End View

Side View

Detector

Fig. 3.16 Commercial 
gamma probe (upper left 
panel), with diagram of the 
detector’s structure (right 
panel), and control unit (lower 
left panel)

F. Bartoli et al.



43

replaced with cameras based on scintillators coupled 
with solid-state photodetectors. In these systems the pho-
todetector will be an array of photodiodes (more likely 
silicon photomultipliers, the so-called SiPM) coupled to 
a slab or a matrix of crystals designed to be coupled one 
to one to the photosensors [196]. In such a way, the thick-
ness of the detector (including crystal, photodiodes, and 
electronics) coupled to a shallow collimator could be less 
than 5  cm, so that it would be compact enough to be 
brought into a surgery room as an intraoperative imaging 
probe.

Most beta probes commercially available are non- 
imaging systems and therefore suffer from the lack of 
ancillary information of the tissue area to be explored. A 
novel, handheld digital imaging beta probe (IBP), suitable 
for use during surgery in conjunction with beta-emitting 
radiopharmaceuticals such as [18F]FDG, for real-time 

imaging of a surveyed area with higher spatial resolution 
and sensitivity, lower sensitivity to background radiation, 
and greater ease of operation than existing instruments, is 
shown in Fig. 3.18 [197]. This is a visual mapping device to 
locate and confirm excision of [18F]FDG-avid primary 
tumors and metastases. The proposed handheld IBP 
includes a 140 μm thick microstructured CsI:Tl film opti-
cally coupled to a highly sensitive electron- multiplying 
charge-coupled device (EMCCD) via a flexible fiber-optic 
(FO) conduit. The microcolumnar structure of the CsI:Tl 
scintillator minimizes the spread of scintillation light to 
typically less than 100 μm, and allows for the detection of 
beta radiation with high spatial resolution. The EMCCD is 
a back-thinned, thermoelectrically cooled (−35  °C), 
512 × 512-pixel CCD optically bonded to a 1:1 fiber-optic 
(FO) window. The EMCCD has 16 × 16 μm pixels, and an 
effective imaging area of approximately 8.2 × 8.2 mm. The 

ba

Fig. 3.17 Examples of portable gamma cameras for intraoperative 
use: (a) Recent-generation portable gamma camera with improved 
ergonomical details and adequate support system for intraoperative use 

(model Sentinella S102, manufactured by Oncovision, Valencia, Spain). 
(b) Portable gamma camera with a weight <1 kg but without support 
system (eZ-Scope, manufactured by Anzai Medical, Tokyo, Japan)
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advantage of the EMCCD is that it internally amplifies the 
signal with a user-selectable gain and minimizes the noise 
associated with the CCD readout amplifier by the same 
gain factor. In order to increase its active imaging area, a 
2:1 or 3:1 FO taper is coupled to the IBP’s FO conduit, 
resulting in an effective imaging area of 16.4 × 16.4 mm or 
24.6 × 24.6 mm, respectively. An index matching fluid is 
used for the optical coupling of each of the three interfaces 
between the FO faceplate, 3:1 FO taper, FO bundle, and 
EMCCD. A 24 μm thick aluminum foil (negligible attenu-
ation of β-radiation) is placed in front of a CsI(Tl) film to 
shield the IBP from ambient light. Due to its high density 
and high average atomic number the CsI:Tl film, while only 
~140 μm thick, completely absorbed and enabled the detec-
tion of every incident beta particle, while being highly 
insensitive to gamma background. Furthermore, the high 
light output of CsI(Tl) (56,000 ph/MeV) and high sensitiv-
ity of the EMCCD photodetector increased overall IBP sen-
sitivity and effectiveness.

3.9  Near-Infrared (NIR) Imaging 
for Lymphatic Mapping

An impressive surge of interest has recently occurred for 
fluorescence-guided surgery, which has led to a steady 
demand for new commercial fluorescence imaging devices. 
For the greatest clinical impact, an imaging system must pro-
vide a solution to the immediate clinical goal with important 
new information that affects the patient outcome in a way 
that seamlessly blends into current clinical workflow. There 
are several new fluorescence imagers that have been cleared 
for commercial use by the 510(k) process at the U.S. FDA 
for open-surgical use with ICG (Table 3.6) [198].

Near-infrared (NIR) imaging using for example ICG has 
been developed for functional imaging of location and 
patency of vascular structures in neuro-, ophthalmologic, 
and vascular surgeries since the 1980s. The wavelength of 
NIR light is approximately 700–1000 nm. This range is the 
least absorbed by blood or water; thus, this “optical window” 
has been regarded as the best wavelength of imaging to pro-
vide the deepest penetration of the signal. Subsequently, ICG 
NIR imaging has been applied to various procedures in gen-
eral surgery, providing functional information of the perfu-
sion of the organs, visualization of the biliary tract and 
hepatic tumors, and margins of the anatomic segments of the 
liver. NIR imaging systems are composed of excitation light 
sources and special filters and cameras optimized for the 
NIR wavelength of light. ICG is excited at 700–800 nm, and 
the emitted maximal signal is 800–840 nm [199, 200]. For 
ICG fluorescent imaging (FI), the fluorescent dye ICG is 
intravenously administered through a peripheral venous line 

Key Learning Points
• Handheld gamma probes for radioguided surgery 

have been developed for a wide variety of applica-
tions and are commercially available.

• With the development of PET lymphoscintigraphy 
techniques, dedicated “PET” probes specifically 
designed for detecting resultant high-energy 
511  keV gamma emissions have become 
available.

a b

Fig. 3.18 (a) Prototype of the handheld Imaging Beta Probe™ (IBP™). (b) Close-up view of the probe head, covered by a latex sheath (repro-
duced with permission from ref. [197])
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and the tissue in the region of interest is illuminated with 
near-infrared light at a wavelength of 785 nm with a total 
output of 80  mW in a field of view of 10  cm in diameter 
(1 mW/cm2) operating at a distance of approximately 20 cm 
above the tissue. The fluorescence emission of the excited 
dye is detected by an infrared-sensitive charge-coupled 
device (CCD) camera system. The camera is equipped with 
a band-pass filter for the selective transmission of light at the 
emission maximum of ICG (830 nm) (Fig. 3.19). The fluo-
rescent imaging images are then displayed and recorded in 
real time on a computer monitor. The laser has an excellent 
safety profile for both patient and operating staff. Because of 

the low power density of the emitted laser energy, there is no 
tissue warming. Although ICG-FI has turned to be a more 
and more common technique to evaluate intraoperative organ 
perfusion, only few studies tried to quantitatively validate the 
technique for visceral perfusion assessment [201].

Figure 3.20 and Table 3.7 summarize the current leading 
fluorescence guidance systems. The PerkinElmer Solaris, 
Curadel ResVet LabFlare, and SurgVision Explorer Air are 
not 510(k) cleared for human use, while the others are for 
ICG procedures. All of them can image ICG in surgical tri-
als, with differing levels of sensitivity and with different fea-
tures [198].

Key Learning Points
• With the recent development of fluorescence- 

guided surgery, new fluorescence imaging devices 
have become commercially available.

• Among near-infrared techniques, indocyanine 
green fluorescence is the most commonly used for 
functional imaging of vascular structures in neuro-, 
ophthalmologic, and vascular surgeries.

Indocyanine green

Camera

filter

Fluorescence
light

Monitor

Circulating blood volume

Fig. 3.19 Indocyanine green fluorescent imaging (IDG-FI): After 
intravenous injection, the region of interest is illuminated with near- 
infrared light (785 nm). The fluorescence emission of the excited dye is 
detected by an infrared-sensitive charge-coupled device camera system 
(dynamic range 54 dB) equipped with a band-pass filter for the selective 
transmission of light at the emission maximum of ICG (830 nm) (repro-
duced with permission from ref. [201])
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Fig. 3.20 Current leading fluorescence-based guidance systems. From 
left to right: Solaris™ Open-Air Fluorescence Imaging System (printed 
with permission, 2015–2016 PerkinElmer, Inc., all rights reserved); 
NOVADAQ Spy-Elite™ (copyright 2016 Novadaq Technologies Inc.); 
Quest Spectrum™ (copyright Quest Medical Imaging); Fluobeam®, 
Hamamatsu PDE-Neo™ (copyright 2016 Fluoptics); Lab-FLARE® 

Model R1 (copyright CURADEL); Visionsense Iridium™ (copyright 
Visionsense); SurgVision Explorer Air prototype (image courtesy of 
SurgVision) (reproduced with permission from ref. [24]: DSouza AV, 
Lin H, Henderson ER, Samkoe KS, Pogue BW. Review of fluorescence 
guided surgery systems: identification of key performance capabilities 
beyond indocyanine green imaging. J Biomed Opt. 2016;21(8):80901)

3 Methodological Aspects of Lymphatic Mapping: Radiopharmaceuticals, Multimodal Lymphatic Mapping Agents…



46

References

 1. Walker LA. Localization of radioactive colloids in lymph nodes. J 
Lab Clin Med. 1950;36:440–9.

 2. Segal AW, Gregoriadis G, Black CD. Liposomes as vehicles for 
the local release of drugs. Clin Sci Mol Med. 1975;49:99–106.

 3. Ikeda I, Inoue O, Kurata K. New preparation method for 99mTc- 
phytate. J Nucl Med. 1976;17:389–93.

 4. Strand SE, Persson BR. Quantitative lymphoscintigraphy I: basic 
concepts for optimal uptake of radiocolloids in the parasternal 
lymph nodes of rabbits. J Nucl Med. 1979;20:1038–46.

 5. Bergqvist L, Strand SE, Persson BR. Particle sizing and biokinet-
ics of interstitial lymphoscintigraphic agents. Semin Nucl Med. 
1983;13:9–19.

 6. Turner JH. Post-traumatic avascular necrosis of the femoral head 
predicted by preoperative technetium-99m antimony-colloid 
scan. An experimental and clinical study. J Bone Joint Surg Am. 
1983;65:786–96.

 7. Patel HM, Boodle KM, Vaughan-Jones R.  Assessment of the 
potential uses of liposomes for lymphoscintigraphy and lym-
phatic drug delivery. Failure of 99m-technetium marker to rep-
resent intact liposomes in lymph nodes. Biochim Biophys Acta. 
1984;801:76–86.

 8. Patel HM, Russell NJ.  Liposomes: from membrane model 
to therapeutic applications. Biochem Soc Trans. 1988;16: 
909–10.

 9. Strand SE, Bergqvist L.  Radiolabeled colloids and macromol-
ecules in the lymphatic system. Crit Rev Ther Drug Carrier Syst. 
1989;6:211–38.

 10. Allen TM, Hansen CB, Guo LS. Subcutaneous administration of 
liposomes: a comparison with the intravenous and intraperitoneal 
routes of injection. Biochim Biophys Acta. 1993;1150:9–16.

 11. Moghimi SM, Davis SS.  Innovations in avoiding particle clear-
ance from blood by Kupffer cells: cause for reflection. Crit Rev 
Ther Drug Carrier Syst. 1994;11:31–59.

 12. Moghimi SM, Rajabi-Siahboomi R. Advanced colloid-based sys-
tems for efficient delivery of drugs and diagnostic agents to the 
lymphatic tissues. Prog Biophys Mol Biol. 1996;65:221–49.

 13. Ikomi F, Hanna GK, Schmid-Schönbein GW. Mechanism of col-
loidal particle uptake into the lymphatic system: basic study with 
percutaneous lymphography. Radiology. 1995;196:107–13.

 14. Sherman AI, Ter-Pogossian M.  Lymph-node concentration of 
radioactive colloidal gold following interstitial injection. Cancer. 
1953;6:1238–40.

 15. Pecking A, Firmin F, Rain JD, et al. Lymphoedema of the upper 
limb  following surgery or radiotherapy. Investigation by indirect 
radioactive lymphography. Nouv Press Med. 1980;9:3349–51.

 16. Bräutigam P, Vanscheidt W, Földi E, et al. The importance of the 
subfascial lymphatics in the diagnosis of lower limb edema: inves-
tigations with semiquantitative lymphoscintigraphy. Angiology. 
1993;44:464–70.

 17. Mostbeck A, Partsch H. Isotope lymphography—possibilities and 
limits in evaluation of lymph transport. Wien Med Wochenschr. 
1999;149:87–91.

 18. Partsch H. Practical aspects of indirect lymphography and lym-
phoscintigraphy. Lymphat Res Biol. 2003;1:71–3; discussion 3–4.

 19. Henze E, Schelbert HR, Collins JD, et al.  Lymphoscintigraphy 
with Tc-99m-labeled dextran. J Nucl Med. 1982;23:923–9.

 20. Kazem I, Antoniades J, Brady LW, et al.  Clinical evaluation of 
lymph node scanning utilizing colloidal gold 198. Radiology. 
1968;90:905–11.

 21. Nagai K, Ito Y, Otsuka N, et al. Clinical usefullness on accumu-
lation of 99mTc-rhenium colloid in lymph nodes. Radioisotopes. 
1980;29:549–51.

 22. Nagai K, Ito Y, Otsuka N, et al. Deposition of small 99mTc- labelled 
colloids in bone marrow and lymph nodes. Eur J Nucl Med. 
1982;7:66–70.

 23. Warbick A, Ege GN, Henkelman RM, et al.  An evaluation of 
radiocolloid sizing techniques. J Nucl Med. 1977;18:827–34.

Table 3.7 ICG fluorescence imaging systems approved through FDA clearance based on the 510(k) process, after demonstration of the device 
being safe and effective, with substantial equivalence to a predicate device [198]

Company
Fluorescence imaging 
system

Year approved/510(k) 
cleared

FDA 510(k) 
number Indication approved for

Novadaq 
Technologies, Inc.

SPY imaging system 2005 K042961 Blood flow

Novadaq 
Technologies, Inc.

SPY imaging system 
SP2000

2007 K063345 Tissue perfusion and transfer circulation in free 
flaps, plastic, and reconstructive surgery

Novadaq 
Technologies, Inc.

SPY fluorescent imaging 
system SP2001

2008 K073088 510(k) with SPY SP2000

Novadaq 
Technologies, Inc.

SPY fluorescent imaging 
system SP2001

2008 K073130 510(k) for modified device

Novadaq 
Technologies, Inc.

SPY intraoperative 
imaging system

2011 K100371 Additional gastrointestinal imaging

Hamamatsu 
Photonics K.K.

PDE photodynamic eye 2012 K110480 510(k) with SPY K063345 and K073130

Hamamatsu 
Photonics K.K.

PDE Neo 2014 K133719 510(k) with PDE K110480 for modified device

Fluoptics Fluobeam 800 clinical 
imaging device

2014 K132475 510(k) with PDE

Quest Medical 
Imaging

Artemis light engine 2015 K141164 510(k) with Karl Storz and Olympus Winter

Quest Medical Artemis handheld imaging 
system

2015 K143474 510(k) with PDE and Fluobeam 800

VisionSense Ltd. VS3-IR-MMS system 2015 K150018 510(k) with SPY 063345

F. Bartoli et al.



47

 24. Davis MA, Jones AG, Trindade H. A rapid and accurate method 
for sizing radiocolloids. J Nucl Med. 1974;15:923–8.

 25. Hung JC, Wiseman GA, Wahner HW, et al. Filtered technetium-
99m-sulfur colloid evaluated for lymphoscintigraphy. J Nucl Med. 
1995;36:1895–901.

 26. Kleinhans E, Baumeister RG, Hahn D, et al. Evaluation of transport 
kinetics in lymphoscintigraphy: follow- up study in patients with 
transplanted lymphatic vessels. Eur J Nucl Med. 1985;10:349–52.

 27. Gommans GM, Gommans E, van der Zant FM, et al. 99mTc 
Nanocoll: a radiopharmaceutical for sentinel node localisation 
in breast cancer—in vitro and in vivo results. Appl Radiat Isot. 
2009;67:1550–8.

 28. Swartz MA. The physiology of the lymphatic system. Adv Drug 
Deliv Rev. 2001;50:3–20.

 29. Atkins HL, Hauser W, Richards P.  Visualization of mediastinal 
lymph nodes after intraperitoneal administration of 99mTc-sulfur 
colloid. Nucl Med (Stuttg). 1970;9:275–8.

 30. Frier M, Griffiths P, Ramsey A. The physical and chemical charac-
teristics of sulphur colloids. Eur J Nucl Med. 1981;6:255–60.

 31. Ikomi F, Hanna GK, Schmid-Schönbein GW. Size- and surface- 
dependent uptake of colloid particles into the lymphatic system. 
Lymphology. 1999;32:90–102.

 32. Aukland K, Reed RK.  Interstitial-lymphatic mechanisms in the 
control of extracellular fluid volume. Physiol Rev. 1993;73:1–78.

 33. Swartz MA, Fleury ME. Interstitial flow and its effects in soft tis-
sues. Annu Rev Biomed Eng. 2007;9:229–56.

 34. Mariani G, Moresco L, Viale G, et  al. Radioguided senti-
nel lymph node biopsy in breast cancer surgery. J Nucl Med. 
2001;42:1198–215.

 35. Weiss M, Gildehaus FJ, Brinkbäumer K, et al. Lymph kinetics 
with technetium-99m labeled radiopharmaceuticals. Animal stud-
ies. Nuklearmedizin. 2005;44:156–65.

 36. Reddy ST, Berk DA, Jain RK, et al.  A sensitive in  vivo model 
for quantifying interstitial convective transport of injected mac-
romolecules and nanoparticles. J Appl Physiol (1985). 2006;101: 
1162–9.

 37. Mangat S, Patel HM.  Lymph node localization of non-specific 
antibody-coated liposomes. Life Sci. 1985;36:1917–25.

 38. Szuba A, Shin WS, Strauss HW, et al. The third circulation: radio-
nuclide lymphoscintigraphy in the evaluation of lymphedema. J 
Nucl Med. 2003;44:43–57.

 39. Paganelli G, De Cicco C, Cremonesi M, et al. Optimized sentinel 
node scintigraphy in breast cancer. Q J Nucl Med. 1998;42:49–53.

 40. De Cicco C, Cremonesi M, Luini A, et  al. Lymphoscintigraphy 
and radioguided biopsy of the sentinel axillary node in breast can-
cer. J Nucl Med. 1998;39:2080–4.

 41. Wilhelm AJ, Mijnhout GS, Franssen EJ. Radiopharmaceuticals in 
sentinel lymph-node detection—An overview. Eur J Nucl Med. 
1999;26:S36–42.

 42. Noguchi M. Sentinel lymph node biopsy and breast cancer. Br J 
Surg. 2002;89:21–34.

 43. Trifirò G, Viale G, Gentilini O, et al. Sentinel node detection in 
pre-operative axillary staging. Eur J Nucl Med Mol Imaging. 
2004;31:S46–55.

 44. Leidenius MH, Leppänen EA, Krogerus LA, et al. The impact of 
radiopharmaceutical particle size on the visualization and identi-
fication of sentinel nodes in breast cancer. Nucl Med Commun. 
2004;25:233–8.

 45. Nieweg OE, Jansen L, Valdés Olmos RA, et al. Lymphatic map-
ping and sentinel lymph node biopsy in breast cancer. Eur J Nucl 
Med. 1999;26:S11–6.

 46. Chinol M, Paganelli G.  Current status of commercial colloidal 
preparations for sentinel lymph node detection. Eur J Nucl Med. 
1999;26:560.

 47. Vera DR, Wallace AM, Hoh CK, et al. A synthetic macromolecule 
for sentinel node detection: 99mTc-DTPA-mannosyl- dextran. J 
Nucl Med. 2001;42:951–9.

 48. Heuveling DA, Visser GW, Baclayon M, et al. 89Zr-nanocolloidal 
albumin-based PET/CT lymphoscintigraphy for sentinel node 
detection in head and neck cancer: preclinical results. J Nucl Med. 
2011;52:1580–4.

 49. Hou G, Hou B, Jiang Y, et al. 68Ga-NOTA-Evans blue TOF PET/
MR lymphoscintigraphy evaluation of the severity of lower limb 
lymphedema. Clin Nucl Med. 2019;44:439–45.

 50. Niu G, Lang L, Kiesewetter DO, et al. In vivo labeling of serum 
albumin for PET. J Nucl Med. 2014;55:1150–6.

 51. Bourgeois P. Scintigraphic investigations of the lymphatic system: 
the influence of injected volume and quantity of labeled colloidal 
tracer. J Nucl Med. 2007;48:693–5.

 52. Valdés-Olmos RA, Jansen L, Hoefnagel CA, et al. Evaluation of 
mammary lymphoscintigraphy by a single intratumoral injection 
for sentinel node identification. J Nucl Med. 2000;41:1500–6.

 53. Werner JA, Dünne AA, Ramaswamy A, et al. Number and loca-
tion of radiolabeled, intraoperatively identified sentinel nodes in 
48 head and neck cancer patients with clinically staged N0 and N1 
neck. Eur Arch Otorhinolaryngol. 2002;259:91–6.

 54. Ikomi F, Hunt J, Hanna G, et al.  Interstitial fluid, plasma pro-
tein, colloid, and leukocyte uptake into initial lymphatics. J Appl 
Physiol (1985). 1996;81:2060–7.

 55. O’Morchoe CC, Jones WR, Jarosz HM, et al. Temperature depen-
dence of protein transport across lymphatic endothelium in vitro. 
J Cell Biol. 1984;98:629–40.

 56. Lund T, Wiig H, Reed RK, et al. A “new” mechanism for oedema 
generation: strongly negative interstitial fluid pressure causes 
rapid fluid flow into thermally injured skin. Acta Physiol Scand. 
1987;129:433–5.

 57. Engeset A, Sokolowski J, Olszewski WL. Variation in output of 
leukocytes and erythrocytes in human peripheral lymph during 
rest and activity. Lymphology. 1977;10:198–203.

 58. Olszewski W, Engeset A, Jaeger PM, et al. Flow and composition 
of leg lymph in normal men during venous stasis, muscular activ-
ity and local hyperthermia. Acta Physiol Scand. 1977;99:149–55.

 59. Thorek DL, Abou DS, Beattie BJ, et al. Positron lymphography: 
multimodal, high-resolution, dynamic mapping and resection of 
lymph nodes after intradermal injection of 18F-FDG. J Nucl Med. 
2012;53:1438–45.

 60. Long X, Zhang J, Zhang D, et al. Microsurgery guided by sequen-
tial preoperative lymphography using 68Ga-NEB PET and MRI 
in patients with lower-limb lymphedema. Eur J Nucl Med Mol 
Imaging. 2017;44:1501–10.

 61. Gibson JG, Evans WA.  Clinical studies of the blood volume 
I. Clinical application of a method employing the azo dye “Evans 
Blue” and the spectrophotometer. J Clin Invest. 1937;16:301–16.

 62. Torabi M, Aquino SL, Harisinghani MG.  Current concepts in 
lymph node imaging. J Nucl Med. 2004;45:1509–18.

 63. Zhang J, Lang L, Zhu Z, et al. Clinical translation of an albumin-
binding PET radiotracer 68Ga-NEB. J Nucl Med. 2015;56:1609–14.

 64. Lusic H, Grinstaff MW.  X-ray-computed tomography contrast 
agents. Chem Rev. 2013;113:1641–66.

 65. Bae KT, Heiken JP, Brink JA. Aortic and hepatic contrast medium 
enhancement at CT.  Part I.  Prediction with a computer model. 
Radiology. 1998;207:647–55.

 66. Bae KT.  Intravenous contrast medium administration and 
scan timing at CT: considerations and approaches. Radiology. 
2010;256:32–61.

 67. Riella MC. Nephrologists Sans Frontières: a Kidney Foundation—
advancing research and helping patients meet their needs. Kidney 
Int. 2006;69:1285–7.

3 Methodological Aspects of Lymphatic Mapping: Radiopharmaceuticals, Multimodal Lymphatic Mapping Agents…



48

 68. Hizoh I, Haller C.  Radiocontrast-induced renal tubular cell 
apoptosis: hypertonic versus oxidative stress. Invest Radiol. 
2002;37:428–34.

 69. Morcos SK, Thomsen HS, Webb JA.  Contrast-media-induced 
nephrotoxicity: a consensus report. Contrast Media Safety 
Committee, European Society of Urogenital Radiology (ESUR). 
Eur Radiol. 1999;9:1602–13.

 70. Jost G, Pietsch H, Lengsfeld P, et al. The impact of the viscos-
ity and osmolality of iodine contrast agents on renal elimination. 
Invest Radiol. 2010;45:255–61.

 71. Jost G, Pietsch H, Sommer J, et al. Retention of iodine and expres-
sion of biomarkers for renal damage in the kidney after application 
of iodinated contrast media in rats. Invest Radiol. 2009;44:114–23.

 72. Pietsch H, Kies Sling F. Small animal imaging basics and practical 
guide. New York: Springer; 2011.

 73. Mattrey RF, Aguirre DA.  Advances in contrast media research. 
Acad Radiol. 2003;10:1450–60.

 74. Hallouard F, Anton N, Choquet P, et al. Iodinated blood pool con-
trast media for preclinical X-ray imaging applications—A review. 
Biomaterials. 2010;31:6249–68.

 75. Idé JM, Lancelot E, Pines E, et al. Prophylaxis of iodinated con-
trast media-induced nephropathy: a pharmacological point of 
view. Invest Radiol. 2004;39:155–70.

 76. Chung YE, Hyung WJ, Kweon S, et al. Feasibility of interstitial 
CT lymphography using optimized iodized oil emulsion in rats. 
Invest Radiol. 2010;45:142–8.

 77. Wisner ER, Katzberg RW, Griffey SM, et al. Characterization of 
normal and cancerous lymph nodes on indirect computed tomog-
raphy lymphographic studies after interstitial injection of iodin-
ated nanoparticles. Acad Radiol. 1996;3:S257–60.

 78. Gries H. Extracellular MRI contrast agents based on gadolinium. 
In: Krause W, editor. Contrast agents I: magnetic resonance imag-
ing. Berlin: Springer; 2002. p. 1–24.

 79. Brasch RC, Weinmann HJ, Wesbey GE. Contrast-enhanced NMR 
imaging: animal studies using gadolinium-DTPA complex. AJR 
Am J Roentgenol. 1984;142:625–30.

 80. Strich G, Hagan PL, Gerber KH, et al.  Tissue distribution and 
magnetic resonance spin lattice relaxation effects of gadolinium- 
DTPA. Radiology. 1985;154:723–6.

 81. Schmiedl U, Ogan M, Paajanen H, et  al. Albumin labeled with 
Gd-DTPA as an intravascular, blood pool-enhancing agent for 
MR imaging: biodistribution and imaging studies. Radiology. 
1987;162:205–10.

 82. Pathak AP, Artemov D, Neeman M, et al. Lymph node metastasis 
in breast cancer xenografts is associated with increased regions 
of extravascular drain, lymphatic vessel area, and invasive pheno-
type. Cancer Res. 2006;66:5151–8.

 83. Li C, Meng S, Yang X, et al. Sentinel lymph node detection using 
magnetic resonance lymphography with conventional gadolinium 
contrast agent in breast cancer: a preliminary clinical study. BMC 
Cancer. 2015;15:213.

 84. Shiozawa M, Kobayashi S, Sato Y, et al. Magnetic resonance lym-
phography of sentinel lymph nodes in patients with breast cancer 
using superparamagnetic iron oxide: a feasibility study. Breast 
Cancer. 2014;21:394–401.

 85. Tangoku A, Yamamoto S, Suga K, et  al. Sentinel lymph node 
biopsy using computed tomography- lymphography in patients 
with breast cancer. Surgery. 2004;135:258–65.

 86. Kobayashi H, Kawamoto S, Choyke PL, et  al. Comparison of 
dendrimer-based macromolecular contrast agents for dynamic 
micro-magnetic resonance lymphangiography. Magn Reson Med. 
2003;50:758–66.

 87. Mounzer R, Shkarin P, Papademetris X, et al. Dynamic imaging of 
lymphatic vessels and lymph nodes using a bimodal nanoparticu-
late contrast agent. Lymphat Res Biol. 2007;5:151–8.

 88. Cheng Z, Al Zaki A, Jones IW, et al. Stabilized porous liposomes 
with encapsulated Gd-labeled dextran as a highly efficient MRI 
contrast agent. Chem Commun (Camb). 2014;50:2502–4.

 89. Ishiguchi T, Takahashi S.  Safety of gadoterate meglumine 
(Gd-DOTA) as a contrast agent for magnetic resonance imaging. 
Drugs R&D. 2010;10:133–45.

 90. Shimada M, Yoshikawa K, Suganuma T, et al. Interstitial magnetic 
resonance lymphography: comparative animal study of gadofluo-
rine 8 and gadolinium diethylenetriamine-pentaacetic acid. J 
Comput Assist Tomogr. 2003;27:641–6.

 91. Normann PT, Hals PA. In vivo stability and excretion of gadodi-
amide (GdDTPA-BMA), a hydrophilic gadolinium complex used 
as a contrast enhancing agent for magnetic resonance imaging. 
Eur J Drug Metab Pharmacokinet. 1995;20:307–13.

 92. Cho SB, Lee AL, Chang HW, et  al. Prospective multicenter 
study of the safety of gadoteridol in 6163 patients. J Magn Reson 
Imaging. 2020;51:861–8.

 93. Baker JF, Kratz LC, Stevens GR, et al.  Pharmacokinetics 
and safety of the MRI contrast agent gadoversetamide injec-
tion (OptiMARK) in healthy pediatric subjects. Invest Radiol. 
2004;39:334–9.

 94. Kobayashi H, Kawamoto S, Sakai Y, et  al. Lymphatic drainage 
imaging of breast cancer in mice by micro-magnetic resonance 
lymphangiography using a nano-size paramagnetic contrast agent. 
J Natl Cancer Inst. 2004;96:703–8.

 95. Kobayashi H, Kawamoto S, Brechbiel MW, et  al. Detection of 
lymph node involvement in hematologic malignancies using 
micromagnetic resonance lymphangiography with a gadolinium-
labeled dendrimer nanoparticle. Neoplasia. 2005;7:984–91.

 96. Talanov VS, Regino CA, Kobayashi H, et al.  Dendrimer-based 
nanoprobe for dual modality magnetic resonance and fluorescence 
imaging. Nano Lett. 2006;6:1459–63.

 97. Ma X, Wang S, Hu L, et  al. Imaging characteristics of USPIO 
nanoparticles (<5 nm) as MR contrast agent. Contrast Media Mol 
Imaging. 2019;2019:3687537.

 98. Xiao YD, Paudel R, Liu J, et al. MRI contrast agents: classifica-
tion and application (review). Int J Mol Med. 2016;38:1319–26.

 99. Wang YX, Hussain SM, Krestin GP.  Superparamagnetic iron 
oxide contrast agents: physicochemical characteristics and appli-
cations in MR imaging. Eur Radiol. 2001;11:2319–31.

 100. Weissleder R. Molecular imaging: principles and practice. PMPH- 
USA: Raleigh; 2010.

 101. Elias A, Tsourkas A. Imaging circulating cells and lymphoid tis-
sues with iron oxide nanoparticles. Hematology Am Soc Hematol 
Educ Program. 2009:720–6.

 102. Wei H, Bruns OT, Kaul MG, et al. Exceedingly small iron oxide 
nanoparticles as positive MRI contrast agents. Proc Natl Acad Sci 
U S A. 2017;114:2325–30.

 103. McCarthy JR, Weissleder R. Multifunctional magnetic nanopar-
ticles for targeted imaging and therapy. Adv Drug Deliv Rev. 
2008;60:1241–51.

 104. Ittrich H, Peldschus K, Raabe N, et al. Superparamagnetic iron 
oxide nanoparticles in biomedicine: applications and develop-
ments in diagnostics and therapy. Rofo. 2013;185:1149–66.

 105. Weissleder R, Stark DD, Engelstad BL, et al. Superparamagnetic 
iron oxide: pharmacokinetics and toxicity. AJR Am J Roentgenol. 
1989;152:167–73.

 106. Bellin MF, Lebleu L, Meric JB. Evaluation of retroperitoneal and 
pelvic lymph node metastases with MRI and MR lymphangiogra-
phy. Abdom Imaging. 2003;28:155–63.

 107. Anzai Y, McLachlan S, Morris M, et al.  Dextran- coated super-
paramagnetic iron oxide, an MR contrast agent for assessing 
lymph nodes in the head and neck. AJNR Am J Neuroradiol. 
1994;15:87–94.

 108. Hudgins PA, Anzai Y, Morris MR, et al. Ferumoxtran-10, a super-
paramagnetic iron oxide as a magnetic resonance enhancement 
agent for imaging lymph nodes: a phase 2 dose study. AJNR Am J 
Neuroradiol. 2002;23:649–56.

 109. Dewitte H, Vanderperren K, Haers H, et al. Theranostic mRNA-
loaded microbubbles in the lymphatics of dogs: implications for 
drug delivery. Theranostics. 2015;5:97–109.

F. Bartoli et al.



49

 110. Yoon YI, Kwon YS, Cho HS, et  al. Ultrasound-mediated gene 
and drug delivery using a microbubble- liposome particle system. 
Theranostics. 2014;4:1133–44.

 111. Jian J, Liu C, Gong Y, et al. India ink incorporated multifunctional 
phase-transition nanodroplets for photoacoustic/ultrasound dual-
modality imaging and photoacoustic effect based tumor therapy. 
Theranostics. 2014;4:1026–38.

 112. Fan CH, Lin WH, Ting CY, et al. Contrast-enhanced ultrasound 
imaging for the detection of focused ultrasound-induced blood-
brain barrier opening. Theranostics. 2014;4:1014–25.

 113. Liu HL, Fan CH, Ting CY, et al. Combining microbubbles and 
ultrasound for drug delivery to brain tumors: current progress and 
overview. Theranostics. 2014;4:432–44.

 114. Vlaisavljevich E, Durmaz YY, Maxwell A, et al.  Nanodroplet-
mediated histotripsy for image-guided targeted ultrasound cell 
ablation. Theranostics. 2013;3:851–64.

 115. Sirsi SR, Fung C, Garg S, et al.  Lung surfactant microbubbles 
increase lipophilic drug payload for ultrasound-targeted delivery. 
Theranostics. 2013;3:409–19.

 116. Streeter JE, Dayton PA.  An in  vivo evaluation of the effect 
of repeated administration and clearance of targeted contrast 
agents on molecular imaging signal enhancement. Theranostics. 
2013;3:93–8.

 117. Greis C. Ultrasound contrast agents as markers of vascularity and 
microcirculation. Clin Hemorheol Microcirc. 2009;43:1–9.

 118. Stride E. Physical principles of microbubbles for ultrasound imag-
ing and therapy. Cerebrovasc Dis. 2009;27:1–13.

 119. Klibanov AL, Rasche PT, Hughes MS, et al. Detection of individ-
ual microbubbles of ultrasound contrast agents: imaging of free-
floating and targeted bubbles. Invest Radiol. 2004;39:187–95.

 120. Unnikrishnan S, Klibanov AL. Microbubbles as ultrasound con-
trast agents for molecular imaging: preparation and application. 
AJR Am J Roentgenol. 2012;199:292–9.

 121. Bzyl J, Lederle W, Rix A, et al. Molecular and functional ultra-
sound imaging in differently aggressive breast cancer xenografts 
using two novel ultrasound contrast agents (BR55 and BR38). Eur 
Radiol. 2011;21:1988–95.

 122. Walday P, Tolleshaug H, Gjøen T, et  al. Biodistributions of 
air-filled albumin microspheres in rats and pigs. Biochem J. 
1994;299:437–43.

 123. Perkins AC, Frier M, Hindle AJ, et al. Human biodistribution of 
an ultrasound contrast agent (Quantison) by radiolabelling and 
gamma scintigraphy. Br J Radiol. 1997;70:603–11.

 124. Jakobsen JA, Oyen R, Thomsen HS, et al. Members of Contrast 
Media Safety Committee of European Society of Urogenital 
Radiology (ESUR). Safety of ultrasound contrast agents. Eur 
Radiol. 2005;15:941–5.

 125. Piscaglia F, Bolondi L. Italian Society for Ultrasound in Medicine 
and Biology (SIUMB) Study Group on Ultrasound Contrast 
Agents. The safety of Sonovue in abdominal applications: retro-
spective analysis of 23188 investigations. Ultrasound Med Biol. 
2006;32:1369–75.

 126. Main ML, Ryan AC, Davis TE, et al. Acute mortality in hospital-
ized patients undergoing echocardiography with and without an 
ultrasound contrast agent (multicenter registry results in 4,300,966 
consecutive patients). Am J Cardiol. 2008;102:1742–6.

 127. Lindner JR, Coggins MP, Kaul S, et al. Microbubble persistence in 
the microcirculation during ischemia/reperfusion and inflamma-
tion is caused by integrin- and complement-mediated adherence 
to activated leukocytes. Circulation. 2000;101:668–75.

 128. Lurie DM, Seguin B, Schneider PD, et al. Contrast-assisted ultra-
sound for sentinel lymph node detection in spontaneously arising 
canine head and neck tumors. Invest Radiol. 2006;41:415–21.

 129. Sever A, Jones S, Cox K, et al. Preoperative localization of sen-
tinel lymph nodes using intradermal microbubbles and contrast-
enhanced ultrasonography in patients with breast cancer. Br J 
Surg. 2009;96:1295–9.

 130. Goldberg BB, Merton DA, Liu JB, et  al. Sentinel lymph nodes 
in a swine model with melanoma: contrast-enhanced lymphatic 
US. Radiology. 2004;230:727–34.

 131. Ravizzini G, Turkbey B, Barrett T, et al.  Nanoparticles in sen-
tinel lymph node mapping. Wiley Interdiscip Rev Nanomed 
Nanobiotechnol. 2009;1:610–23.

 132. Wang LV, Hu S. Photoacoustic tomography: in vivo imaging from 
organelles to organs. Science. 2012;335:1458–62.

 133. Mallidi S, Watanabe K, Timerman D, et al. Prediction of tumor 
recurrence and therapy monitoring using ultrasound-guided pho-
toacoustic imaging. Theranostics. 2015;5:289–301.

 134. Zhang R, Pan D, Cai X, et al. alphaVbeta3- targeted copper nanopar-
ticles incorporating an Sn 2 lipase-labile fumagillin prodrug for 
photoacoustic neovascular imaging and treatment. Theranostics. 
2015;5:124–33.

 135. Wilson KE, Bachawal SV, Tian L, et al. Multiparametric spectro-
scopic photoacoustic imaging of breast cancer development in a 
transgenic mouse model. Theranostics. 2014;4:1062–71.

 136. Song KH, Stein EW, Margenthaler JA, et al. Noninvasive photo-
acoustic identification of sentinel lymph nodes containing methy-
lene blue in vivo in a rat model. J Biomed Opt. 2008;13:054033.

 137. De la Zerda A, Zavaleta C, Keren S, et  al. Carbon nanotubes 
as photoacoustic molecular imaging agents in living mice. Nat 
Nanotechnol. 2008;3:557–62.

 138. Kim JW, Galanzha EI, Shashkov EV, et al. Golden carbon nano-
tubes as multimodal photoacoustic and photothermal high-con-
trast molecular agents. Nat Nanotechnol. 2009;4:688–94.

 139. Pan D, Pramanik M, Senpan A, et al. Near infrared photoacous-
tic detection of sentinel lymph nodes with gold nanobeacons. 
Biomaterials. 2010;31:4088–93.

 140. Carrington C.  Optical imaging sheds light on cancer’s signa-
ture—regional blood flow and tissue oxygenization measures may 
permit earlier breast cancer detection. Diagnost Imag. www.diag-
nosticimaging.com. Accessed June 2004.

 141. Berlier JE, Rothe A, Buller G, et  al. Quantitative comparison 
of long-wavelength Alexa Fluor dyes to Cy dyes: fluorescence 
of the dyes and their bioconjugates. J Histochem Cytochem. 
2003;51:1699–712.

 142. Fox IJ, Brooker LG, Heseltine DW, et al. A tricarbocyanine dye 
for continuous recording of dilution curves in whole blood inde-
pendent of variations in blood oxygen saturation. Proc Staff Meet 
Mayo Clin. 1957;32:478–84.

 143. Alander JT, Kaartinen I, Laakso A, et  al. A review of indocya-
nine green fluorescent imaging in surgery. Int J Biomed Imaging. 
2012;2012:940585.

 144. Landsman ML, Kwant G, Mook GA, et al. Light- absorbing prop-
erties, stability, and spectral stabilization of indocyanine green. J 
Appl Physiol. 1976;40:575–83.

 145. Desmettre T, Devoisselle JM, Mordon S. Fluorescence properties 
and metabolic features of indocyanine green (ICG) as related to 
angiography. Surv Ophthalmol. 2000;45:15–27.

 146. Engel E, Schraml R, Maisch T, et  al. Light-induced decom-
position of indocyanine green. Invest Ophthalmol Vis Sci. 
2008;49:1777–83.

 147. Rosenthal SM, White EC. Clinical application of the bromsulpha-
lein test for hepatic function. J Am Med Assoc. 1925;84:1112–4.

 148. Benya R, Quintana J, Brundage B. Adverse reactions to indocya-
nine green: a case report and a review of the literature. Catheter 
Cardiovasc Diagn. 1989;17:231–3.

 149. Jung SY, Kim SK, Kim SW, et al. Comparison of sentinel lymph 
node biopsy guided by the multimodal method of indocyanine 
green fluorescence, radioisotope, and blue dye versus the radioiso-
tope method in breast cancer: a randomized controlled trial. Ann 
Surg Oncol. 2014;21:1254–9.

 150. Martínez Bonilla CA, Kouznetsov VV. “Green” quantum dots: 
basics, green synthesis, and nanotechnological applications. 
Green Nanotechnol. 2016:173–92. https://doi.org/10.5772/62327.

3 Methodological Aspects of Lymphatic Mapping: Radiopharmaceuticals, Multimodal Lymphatic Mapping Agents…

http://www.diagnosticimaging.com
http://www.diagnosticimaging.com
https://doi.org/10.5772/62327


50

 151. Chan WC, Maxwell DJ, Gao X, et al. Luminescent quantum dots 
for multiplexed biological detection and imaging. Curr Opin 
Biotechnol. 2002;13:40–6.

 152. Alivisatos AP, Gu W, Larabell C. Quantum dots as cellular probes. 
Annu Rev Biomed Eng. 2005;7:55–76.

 153. Hama Y, Koyama Y, Urano Y, et al. Simultaneous two-color spec-
tral fluorescence lymphangiography with near infrared quantum 
dots to map two lymphatic flows from the breast and the upper 
extremity. Breast Cancer Res Treat. 2007;103:23–8.

 154. Kim S, Lim YT, Soltesz EG, et al. Near-infrared fluorescent type 
II quantum dots for sentinel lymph node mapping. Nat Biotechnol. 
2004;22:93–7.

 155. Ow H, Larson DR, Srivastava M, et al. Bright and stable core-shell 
fluorescent silica nanoparticles. Nano Lett. 2005;5:113–7.

 156. Padera TP, Stoll BR, So PT, et al. Conventional and high- speed 
intravital multiphoton laser scanning microscopy of microvascu-
lature, lymphatics, and leukocyte-endothelial interactions. Mol 
Imaging. 2002;1:9–15.

 157. Leu AJ, Gretener SB, Enderlin S, et al. Lymphatic microangiop-
athy of the skin in systemic sclerosis. Rheumatology (Oxford). 
1999;38:221–7.

 158. Seibold U, Wängler B, Schirrmacher R, et al.  Bimodal imag-
ing probes for combined PET and OI: recent developments and 
future directions for hybrid agent development. Biomed Res Int. 
2014;2014:153741.

 159. Culver J, Akers W, Achilefu S. Multimodality molecular imaging 
with combined optical and SPECT/PET modalities. J Nucl Med. 
2008;49:169–72.

 160. Tsopelas C, Bevington E, Kollias J, et al. 99mTc-Evans blue dye 
for mapping contiguous lymph node sequences and discriminat-
ing the sentinel lymph node in an ovine model. Ann Surg Oncol. 
2006;13:692–700.

 161. Brouwer OR, Buckle T, Vermeeren L, et al. Comparing the hybrid 
fluorescent- radioactive tracer indocyanine green-99mTc-nanocol-
loid with 99mTc-nanocolloid for sentinel node identification: a val-
idation study using lymphoscintigraphy and SPECT/CT.  J Nucl 
Med. 2012;53:1034–40.

 162. Koyama Y, Talanov VS, Bernardo M, et  al. A dendrimer-based 
nanosized contrast agent dual-labeled for magnetic resonance and 
optical fluorescence imaging to localize the sentinel lymph node 
in mice. J Magn Reson Imaging. 2007;25:866–71.

 163. Choi JS, Park JC, Nah H, et al. A hybrid nanoparticle probe for 
dual-modality positron emission tomography and magnetic reso-
nance imaging. Angew Chem Int Ed Engl. 2008;47:6259–62.

 164. Yang BY, Moon SH, Seelam SR, et  al. Development of a mul-
timodal imaging probe by encapsulating iron oxide nanopar-
ticles with functionalized amphiphiles for lymph node imaging. 
Nanomedicine (Lond). 2015;10:1899–910.

 165. Torres Martin de Rosales R, Tavaré R, Paul RL, et al. Synthesis of 
64Cu(II)-bis(dithiocarbamatebisphosphonate) and its conjugation 
with superparamagnetic iron oxide nanoparticles: in vivo evalua-
tion as dual-modality PET- MRI agent. Angew Chem Int Ed Engl. 
2011;50:5509–13.

 166. Madru R, Kjellman P, Olsson F, et  al. 99mTc-labeled superpara-
magnetic iron oxide nanoparticles for multimodality SPECT/MRI 
of sentinel lymph nodes. J Nucl Med. 2012;53:459–63.

 167. Chakravarty R, Valdovinos HF, Chen F, et al. Intrinsically germa-
nium-69-labeled iron oxide nanoparticles: synthesis and in-vivo 
dual-modality PET/MR imaging. Adv Mater. 2014;26:5119–23.

 168. Thorek DL, Ulmert D, Diop NF, et al. Non-invasive mapping of 
deep-tissue lymph nodes in live animals using a multimodal PET/
MRI nanoparticle. Nat Commun. 2014;5:3097.

 169. Park JC, Yu MK, An GI, et  al. Facile preparation of a hybrid 
nanoprobe for triple-modality optical/PET/MR imaging. Small. 
2010;6:2863–8.

 170. Madru R, Tran TA, Axelsson J, et al. 68Ga-labeled superparamag-
netic iron oxide nanoparticles (SPIONs) for multi-modality PET/
MR/Cherenkov luminescence imaging of sentinel lymph nodes. 
Am J Nucl Med Mol Imaging. 2013;4:60–9.

 171. Kim JS, Kim YH, Kim JH, et al. Development and in vivo imaging 
of a PET/MRI nanoprobe with enhanced NIR fluorescence by dye 
encapsulation. Nanomedicine (Lond). 2012;7:219–29.

 172. Cui X, Mathe D, Kovács N, et  al. Synthesis, characterization, 
and application of Core-Shell Co0.16Fe2.84O4@NaYF4(Yb, Er) 
and Fe3O4@NaYF4(Yb, Tm) nanoparticle as Trimodal (MRI, 
PET/SPECT, and optical) imaging agents. Bioconjug Chem. 
2016;27:319–28.

 173. Huang X, Zhang F, Lee S, et al. Long-term multimodal imaging 
of tumor draining sentinel lymph nodes using mesoporous silica-
based nanoprobes. Biomaterials. 2012;33:4370–8.

 174. Mathelin C, Piqueras I, Guyonnet JL. Development of technolo-
gies for sentinel lymph node biopsy in case of breast cancer. 
Gynecol Obstet Fertil. 2006;34:521–5.

 175. Povoski SP, Neff RL, Mojzisik CM, et al. A comprehensive over-
view of radioguided surgery using gamma detection probe tech-
nology. World J Surg Oncol. 2009;7:11.

 176. Woolfenden JM, Barber HB. Radiation detector probes for tumor 
localization using tumor-seeking radioactive tracers. AJR Am J 
Roentgenol. 1989;153:35–9.

 177. Kwo DP, Barber HB, Barrett HH, et al. Comparison of NaI(T1), 
CdTe, and HgI2 surgical probes: effect of scatter compensation on 
probe performance. Med Phys. 1991;18:382–9.

 178. Tiourina T, Arends B, Huysmans D, et al. Evaluation of surgical 
gamma probes for radioguided sentinel node localisation. Eur J 
Nucl Med. 1998;25:1224–31.

 179. Schneebaum S, Even-Sapir E, Cohen M, et al. Clinical applica-
tions of gamma- detection probes—radioguided surgery. Eur J 
Nucl Med. 1999;26:S26–35.

 180. Hoffman EJ, Tornai MP, Janecek M, et al. Intraoperative probes 
and imaging probes. Eur J Nucl Med. 1999;26:913–35.

 181. Zanzonico P, Heller S.  The intraoperative gamma probe: 
basic principles and choices available. Semin Nucl Med. 
2000;30:33–48.

 182. Mariani G, Vaiano A, Nibale O, et al. Is the “ideal” gamma- probe 
for intraoperative radioguided surgery conceivable? J Nucl Med. 
2005;46:388–90.

 183. Moffat FL.  Targeting gold at the end of the rainbow: sur-
gical gamma probes in the 21st century. J Surg Oncol. 
2007;96:286–9.

 184. Ricard M.  Intraoperative detection of radiolabeled compounds 
using a hand held gamma probe. Nucl Instrum Method Phys Res 
A. 2001;458:26–33.

 185. Guided intraoperative scintigraphic tumour targeting (GOSTT)—
Implementing advanced hybrid molecular imaging and non- 
imaging probes for advanced cancer management. Vienna: IAEA 
Human Health Series; 2014.

 186. Herrmann K, Nieweg OE, Povoski SP. Radioguided surgery. In:  
Current applications and innovative directions in clinical practice. 
Berlin: Springer; 2016.

 187. Povoski SP, Chapman GJ, Murrey DA, et al. Intraoperative detec-
tion of 18F-FDG-avid tissue sites using the increased probe counting 
efficiency of the K-alpha probe design and variance-based statistical 
analysis with the three-sigma criteria. BMC Cancer. 2013;13:98.

 188. Povoski SP, Hall NC, Murrey DA, et al.  Feasibility of a multi-
modal 18F-FDG-directed lymph node surgical excisional biopsy 
approach for appropriate diagnostic tissue sampling in patients 
with suspected lymphoma. BMC Cancer. 2015;15:378.

 189. Sarikaya I, Sarikaya A, Reba RC. Gamma probes and their use 
in tumor detection in colorectal cancer. Int Semin Surg Oncol. 
2008;5:25.

F. Bartoli et al.



51

 190. RMD.  Instruments Corp. https://www.surgeonschoice.net.au/
Navigator_GPS_Manual.pdf. Accessed 10 Dec 2019.

 191. Gamma Finder® II, W.O.M. World of Medicine AG. http://www.
mesamedical.co.kr/new/DATA/mesa_hBUSINESS/7_mesa_
hBUSINESS_FN04.pdf. Accessed 10 Dec 2019.

 192. Bluetooth® Gamma Detection Probe, Neoprobe Corporation. 
http://www.hospiline.com.br/mammotome/documents/Products/
Neoprobe/Model1100and1101OpsManualEngli.pdf. Accessed 10 
Dec 2019.

 193. Sentinella s-102. https://oncovision.com/sentinella/. Accessed 10 
Dec 2019.

 194. Anzai eZ-scope. http://www.nuclemed.be; https://www.access-
data.fda.gov/cdrh_docs/pdf9/K092471.pdf. Accessed 10 Dec 
2019.

 195. LumaGEM. http://www.cmr-naviscan.com/lumagem/. Accessed 
10 Dec 2019.

 196. Heckathorne E, Tiefer L, Daghighian F, et al. Evaluation of arrays 
of silicon photomultipliers for beta imaging. Nuclear Science 
Symposium Conference Record. 2008:1626–31.

 197. Singh B, Stack BC, Thacker S, et al. A hand-held beta imaging 
probe for FDG. Ann Nucl Med. 2013;27:203–8.

 198. DSouza AV, Lin H, Henderson ER, et  al.  Review of fluores-
cence guided surgery systems: identification of key performance 
capabilities beyond indocyanine green imaging. J Biomed Opt. 
2016;21:80901.

 199. Kim DW, Jeong B, Shin IH, et al. Sentinel node navigation sur-
gery using near-infrared indocyanine green fluorescence in early 
gastric cancer. Surg Endosc. 2019;33:1235–43.

 200. Kong SH, Bae SW, Suh YS, et  al.  Near-infrared fluorescence 
lymph node navigation using indocyanine green for gastric cancer 
surgery. J Minim Invasive Surg. 2018;21:95–105.

 201. Duprée A, Rieß H, Detter C, et  al.  Utilization of indocyanine 
green fluorescent imaging (ICG-FI) for the assessment of micro-
perfusion in vascular medicine. Innov Surg Sci. 2018;3:193–201.

3 Methodological Aspects of Lymphatic Mapping: Radiopharmaceuticals, Multimodal Lymphatic Mapping Agents…

https://www.surgeonschoice.net.au/Navigator_GPS_Manual.pdf
https://www.surgeonschoice.net.au/Navigator_GPS_Manual.pdf
http://www.mesamedical.co.kr/new/DATA/mesa_hBUSINESS/7_mesa_hBUSINESS_FN04.pdf
http://www.mesamedical.co.kr/new/DATA/mesa_hBUSINESS/7_mesa_hBUSINESS_FN04.pdf
http://www.mesamedical.co.kr/new/DATA/mesa_hBUSINESS/7_mesa_hBUSINESS_FN04.pdf
http://www.hospiline.com.br/mammotome/documents/Products/Neoprobe/Model1100and1101OpsManualEngli.pdf
http://www.hospiline.com.br/mammotome/documents/Products/Neoprobe/Model1100and1101OpsManualEngli.pdf
https://oncovision.com/sentinella/
http://www.nuclemed.be
https://www.accessdata.fda.gov/cdrh_docs/pdf9/K092471.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf9/K092471.pdf
http://www.cmr-naviscan.com/lumagem/


53© Springer Nature Switzerland AG 2020
G. Mariani et al. (eds.), Atlas of Lymphoscintigraphy and Sentinel Node Mapping, 
https://doi.org/10.1007/978-3-030-45296-4_4

Methodological Aspects 
of Lymphoscintigraphy: 
Bicompartmental Versus 
Monocompartmental Radiocolloid 
Administration

Martina Sollini, Francesco Bartoli, Andrea Marciano, 
Roberta Zanca, Giovanni D’Errico, Giuliano Mariani, 
and Paola A. Erba

Contents
4.1  Introduction  54

4.2  Methodology of Lymphoscintigraphy  54

4.3  Imaging for Lymphoscintigraphy  57

4.4  Qualitative Visual Interpretation of Lymphoscintigraphy  58

4.5  Lymphoscintigraphy with Stress Test  59

4.6  Quantitative Lymphoscintigraphy  59

4.7  Virtual Reality for Preoperative Planning with Lymphoscintigraphy  62

4.8  PET/CT and PET/MR Lymphoscintigraphy  63

4.9  CT Imaging of Lymph Nodes and Lymphatic Circulation  66

4.10  Magnetic Resonance Imaging of Lymph Nodes and Lymphatic Circulation  68

4.11  Indocyanine Green Lymphography  72

 References  75

4

M. Sollini 
Department of Biomedical Sciences, Humanitas University,  
Milan, Italy 

F. Bartoli · A. Marciano · R. Zanca · G. Mariani · P. A. Erba (*) 
Regional Center of Nuclear Medicine, Department of Translational 
Research and Advanced Technologies in Medicine and Surgery, 
University of Pisa, Pisa, Italy
e-mail: paola.erba@unipi.it 

G. D’Errico 
Department of Nuclear Medicine, Medical Research, Rome, Italy

Learning Objectives
• Learn how to perform peripheral lymphoscintigra-

phy, including knowledge of injection procedures, 
acquisition protocols, and radiation dosimetry.

• Learn how to analyze lymphoscintigraphic images 
and to calculate semiquantitative parameters to be 
used in clinical practice for the differential  diagnosis 
of edemas and for characterization of 
lymphedema.

• Learn how to perform, to analyze both visually and 
semiquantitatively, and to interpret PET/CT and 
PET/MR lymphoscintigraphy.

• Learn the basic concepts of CT imaging for lymph 
node assessment and for CT lymphography.

• Learn the basic concepts of MR imaging for lymph 
node assessment and for MR lymphography.

• Learn the basic concepts of indocyanine green 
lymphography.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-45296-4_4&domain=pdf
https://doi.org/10.1007/978-3-030-45296-4_4#DOI
mailto:paola.erba@unipi.it


54

4.1  Introduction

Interstitial injection of radiolabeled compounds with sequen-
tial scanning imaging has been used to investigate the lym-
phatic system since the 1950s. This minimally invasive 
procedure, which simply requires intradermal or subcutane-
ous injection of a radiocolloid, has largely replaced the more 
invasive and technically difficult technique of lymphangiog-
raphy [1, 2].

Despite the experience acquired over so many decades, 
protocols for performing lymphoscintigraphy are not yet 
standardized, and remarkable differences still persist among 
different centers. The main differences include important 
issues such as the type and site of injection, the use of 
dynamic and/or static acquisitions, and even the sequence of 
scintigraphic acquisitions. An additional crucial issue for 
performing lymphoscintigraphy is choice of the radiophar-
maceutical, as discussed in detail in Chap. 3 of this book.

4.2  Methodology of Lymphoscintigraphy

Lymphoscintigraphy is based on the interstitial injection of a 
suitable radiopharmaceutical, a radiolabeled colloid where 
the size of the constituent particles is predefined within a cer-
tain range, so that they are too large to be removed by enter-
ing into the venous side of the blood capillaries, yet too small 
to be retained indefinitely at the injection site (as occurs for 
radiolabeled macroaggregates of human albumin); particles 
with such properties are in the range of 5–10 nm up to about 
1000–2000 nm. After having been deposited in the extracel-
lular fluid, these particles enter into the initial lymphatics by 
both direct passage through the inter-endothelial openings 
and vesicular transport through the endothelial cells [2, 3].

The interstitial route of administration is adequate for 
exploring lymphatic circulation because of some intrinsic 
features of lymphatic anatomy, and the fact that lymphatic 
vessels originate in the connective interstitium near the blood 
vessels. In the skin, the initial lymphatics are closely inter-
connected in a hexagonal pattern, through a set of precollec-
tors, with deeper lymphatics in the dermis, where lymph fluid 
is transported in a centripetal fashion through collecting ducts 
and then to lymph nodes [3–5]. Therefore, exploration of the 
functional integrity of the lymphatic system begins with the 
demonstration of a normal transport of extracellular fluid, fol-
lowed by evaluation of lymph flow along the lymphatic col-
lectors until reaching the main thoracic lymph duct.

Fluid transport into the initial lymphatics occurs against 
a pressure gradient [3], since interstitial fluid pressure in 
the skin and subcutaneous tissue is slightly negative (−2 to 
−6 mm H2O, or −0.15 to −0.44 mmHg) [6, 7], whereas the 
pressure in the lymphatic capillaries of the skin is positive 
[8]. The mechanisms allowing transport of particles against 
such pressure gradient include the presence of a suction 

force (generated through the contraction of the collecting 
lymphatics), coupled with the episodic increases in inter-
stitial fluid pressure that are created during tissue move-
ments [9]; active trans-endothelial transport [4] and 
phagocytosis followed by migration of macrophages into 
the lymphatic vessels also play a role [10]. Lymph flow 
progression in the collectors depends predominantly on 
lymphatic contraction [11].

The site of radiocolloid injection has a strong influence on 
the final results of lymphoscintigraphy. In fact, both the sub-
cutaneous and the intradermal routes of injection are utilized 
in routine studies of superficial lymphatic circulation of the 
extremities. There is an ongoing debate as to which injection 
technique is best. Subcutaneous injection, recommended by 
many investigators [1, 12–14], has the advantage of negligi-
ble clearance of the radiocolloid through the blood vessels 
[1]. According to Mostbeck and Partsch, who compared sub-
cutaneous and intramuscular injections of 99mTc-albumin 
nanocolloid, subcutaneous injection produced more reliable 
results, since it enabled to distinguish, using quantitative 
parameters, patients with lymphedema from healthy volun-
teers. Nevertheless, the intradermal injection route is still 
preferred by other authors [15–21].

However, it has been pointed out that the optimal route of 
injection may vary depending on the radiopharmaceutical 
employed, subcutaneous injection being optimal for the col-
loidal agents [22, 23]. Intradermal administration of non- 
colloidal agents (99mTc-human serum albumin, 99mTc-HSA) 
is associated with very rapid lymphatic transport, thus facili-
tating rapid evaluation and better quantification of lymphatic 
flow [19], although a non-negligible fraction of the radio-
pharmaceutical is removed from the injection site by way of 
the blood capillaries. Other colloidal or non-colloidal agents 
administered intradermally may not be as diagnostically reli-
able as 99mTc-HSA. However, comparison of intradermal and 
subcutaneous injections with 99mTc-HSA reveals better tracer 
kinetics after intradermal injection, and slow or no transport 
after subcutaneous injections [16].

Contrary to the superficial (or epifascial) routes of admin-
istration mentioned above (which results in visualization of 
the superficial lymphatic circulation), subfascial radiocolloid 
injection is utilized for exploring the deep lymphatic system 
of the extremities. This is normally achieved simply by 
injecting the radiocolloid intramuscularly.

When both epifascial and subfascial injections are per-
formed sequentially, the procedure is called two- compartment 
lymphoscintigraphy. This approach is preferable for differen-
tiating the possibly different mechanisms of extremity edema 
[23–25]. In fact, evaluating both the deep and the superficial 
circulation enhances the diagnostic accuracy of lymphoscin-
tigraphy, as in this way it is possible to identify abnormalities 
of either the deep or the superficial lymphatic circulation.

In both phases of two-compartment lymphoscintigraphy, the 
radiocolloid is injected using a 25-gauge, 15 mm long needle, 
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and administering a small volume of the radiocolloid suspen-
sion (0.2–0.3 mL) containing an activity of about 11–18 MBq. 
The procedure adopted in our center is described next.

For the deep lymphatic circulation of the lower extremities, 
we inject two aliquots of radiocolloid (7 MBq each) in 0.1 mL 
in the first and second inter-metatarsal space (identified by pal-
pating the plants of both feet immediately proximal to the distal 
heads of the metatarsal bones, see Fig. 4.1) on each side, insert-
ing the needle by about 12–13 mm to reach the inter-metatarsal 

muscles below the deep fascia plantaris (Fig. 4.2). For the deep 
lymphatic circulation of the upper extremities, the radiocolloid 
(similar volume and activity as for the lower extremities) is 
injected in the second and in the third inter-metacarpal space 
(identified by palpating the palms of both hands the fossa in the 
inter-metacarpal space immediately proximal to the distal 
heads of the metacarpal bones, see Fig.  4.3) on each side, 
inserting the needle by about 10–12  mm to reach the inter-
metacarpal muscles below the deep fascia palmaris (Fig. 4.4).

Superficial and
deep fascia

dorsalis

Metatarsal V

Deep fascia
plantaris

Aponeurosis
plantaris

Fascia
plantaris

Metatarsal I

Intermetatarsal
space

Fig. 4.1 Schematic representation of the technique of radiocolloid 
injection for deep lymphatic circulation of the lower extremities. Two 
aliquots are injected, respectively, in the first and in the second inter- 
metatarsal space that are identified by palpating the plants of both feet 
immediately proximal to the distal heads of the metatarsal bones

a b c

Fig. 4.2 (a) Schematic representation on anatomic drawing of the 
technique of radiocolloid injection for deep lymphatic circulation of the 
lower extremities. (b, c) Radiocolloid injection in the first (b) and in the 

second (c) inter-metatarsal space. The needle is inserted by about 
12–13  mm, so to reach the inter-metatarsal muscles below the deep 
fascia plantaris

Fascia
palmaris
manus

Deep fascia
palmaris

Aponeurosis
palmaris

Metacarpal V

Intermetacarpal
spaces

Superficial and
deep fascia

dorsalis manus

Metacarpal I

Fig. 4.3 Schematic representation of the technique of radiocolloid 
injection for the deep lymphatic circulation of the upper extremities. 
Two aliquots are injected, respectively, in the first and in the second 
inter-metacarpal space that are identified by palpating the palms of both 
hands immediately proximal to the distal heads of the metacarpal bones
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For superficial lymphoscintigraphy, we prepare syringes 
in a similar manner as for deep lymphoscintigraphy, but with 
slightly higher radioactivity content (about 15–18 MBq). We 
inject two aliquots on the dorsum of either each foot or each 
hand (for the lower or the upper extremities, respectively), 
inserting the needle subdermally in sites corresponding 
approximately to the prior palmar injections, about 1–2 cm 
proximally to the interdigital web (Fig. 4.5).

We strongly recommend to not inject the radiocolloid 
directly into the interdigital web (as generally indicated by 
other authors), since this procedure may result in the visual-

ization of either the superficial or the deep lymphatic 
systems.

Due to the faster and more complex pattern of the super-
ficial lymphatic circulation, we prefer to perform full assess-
ment of the deep lymphatic system first, followed by 
superficial lymphoscintigraphy as the last step of the com-
bined procedure.

The injection sites are prepared by swabbing the area with 
either an iodine solution (especially in patients with frank 
lymphedema) or alcohol. Both limbs are always injected, using 
one side as a control for patients with unilateral lymphedema.

a

c

b

Fig. 4.4 (a) Schematic representation on anatomic drawing of the 
technique of radiocolloid injection for evaluating deep lymphatic circu-
lation of the upper extremities. (b, c) Radiocolloid injection in the sec-

ond (b) and in the third (c) inter-metacarpal space. The needle is 
inserted by about 10–12 mm, so as to reach the inter-metacarpal mus-
cles below the deep fascia palmaris
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4.3  Imaging for Lymphoscintigraphy

Images should be recorded with a dual-detector gamma cam-
era, using high-resolution parallel-hole collimators, in both 
the spot-view mode and whole-body mode. Images should 
be recorded with a 20% window centered on the 140 keV 
photopeak of technetium-99m. Spot views can be acquired 
from feet to pelvis (for lower limbs) and from hands to axilla 
(including the chest, for upper limbs) for about 3–5  min, 
starting from the most distal to the most proximal portion of 
the limbs. Final spot views of the abdomen should also be 

acquired, to confirm passage of the radiocolloid to the sys-
temic blood circulation within a physiological time window 
(as demonstrated by visualization of the liver and spleen), 
repeating the acquisitions up until 4–6 h post-administration 
in case of delayed radiocolloid drainage. After acquiring the 
spot images, a whole-body scan can be useful, from the dis-
tal feet until the abdomen for lower limbs, and from the 
hands to the chest and upper abdomen for upper limbs, using 
a scan speed of 12 cm/min.

Dynamic imaging is necessary if quantitation of lym-
phatic flow is planned (see below). SPECT or SPECT/CT is 
not generally required, but may be acquired if needed 
(Fig. 4.6) [26, 27].

For intracavitary lymph effusions, dual-phase lymphos-
cintigraphy is generally performed. In case of chylous asci-
tes, subcutaneous injection in the interdigital space of both 
feet is preferred since the superficial circulation of the lower 
limbs accounts for the majority of lymph transport. During 
preparation for the exam, before radiocolloid injection, any 
external drainage line should be closed, whenever present. 
The gamma camera is generally positioned over the site of 
the effusion, and dynamic images are acquired from the 
time of radiocolloid injection until the evidence of radioac-
tivity accumulation. Usually images are acquired for up to 
8 h with sequential time points every approximately 30 min. 
During the second phase, a delayed image is acquired con-
sisting of the acquisition of the region of interest in the same 
conditions as in the first phase, but with the drainage open. 
Although part of the radiopharmaceutical may be too large 
and can be trapped in the inguinal lymph nodes, the remain-
ing part is sufficient to reach into the thoracic duct to dem-
onstrate a possible lymphatic leak. Static images followed 
by SPECT and SPECT/CT acquisitions may complete the 
set of images, depending on the site of the intracavitary 
effusion [28, 29].

Key Learning Points
• Lymphoscintigraphy is based on the interstitial 

injection of radiolabeled colloids that drain from 
the injection site through the lymphatic pathway.

• Upon their interstitial administration, radiocolloids 
enter the initial lymphatics by both direct passage 
and vesicular transport.

• The interstitial route of administration is adequate 
for exploring lymphatic circulation.

• The site of radiocolloid injection has a strong influ-
ence on the final results of lymphoscintigraphy: 
both the subcutaneous and the intradermal routes of 
injection are utilized during routine studies of 
superficial lymphatic circulation of the extremities.

• Subfascial radiocolloid injection is utilized for 
exploring the deep lymphatic circulation of the 
extremities.

• When both epifascial and subfascial injections are 
performed sequentially, the procedure is called two-
compartment lymphoscintigraphy.

a b

Fig. 4.5 For superficial lymphoscintigraphy we prepare syringes in a 
similar manner as for deep lymphoscintigraphy, but with slightly 
greater activity (about 15–18 MBq). The two aliquots are injected either 

on the dorsum of each foot (a) or in hand (b), inserting the needle sub-
dermally in sites corresponding approximately to the previous palmar 
injections, about 1–2 cm proximal to the interdigital web
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Scintigraphic acquisitions should be displayed with the 
intensity maximized, to depict the small fraction of radiocol-
loid that migrates from the injection site to the more proxi-
mal lymphatic stations.

4.4  Qualitative Visual Interpretation 
of Lymphoscintigraphy

Qualitative lymphoscintigraphy is, in many cases, sufficient 
to establish a definite diagnosis [30]. However, there is still a 
lack of consensus on the criteria to be used for visual inter-
pretation of lymphoscintigraphy, and expertise plays a criti-
cal role for diagnosis, particularly in case of borderline 
conditions [31].

A typical example of a normal two-compartment lympho-
scintigraphy is shown in Fig. 4.7. Abnormal findings include 
asymmetrical visualization of lymphatic channels and col-
lateral lymphatic channels, interrupted lymphatic vessels 
and lymph collection, asymmetrical or absent visualization 
of regional lymph nodes, and presence of “dermal flow” and/
or “dermal back flow” [23–25].

For intracavitary lymph effusion, differences in radioac-
tivity accumulated in all the images at the site of interest 
should be evaluated in order to define (a) normal pattern, 
when no significant differences in distribution of radiocol-
loids in all images until the 24th hour are detected;  

Key Learning Points
• The protocol for lymphoscintigraphic imaging con-

sists of spot views from feet to pelvis (for lower 
limbs) or from hands to axilla (including the chest, 
for upper limbs), and final spot views of the abdo-
men to confirm passage of the radiocolloid to the 
systemic blood circulation within a physiological 
time; a whole-body scan can also be useful.

• Dynamic imaging is necessary if quantitation of 
lymphatic flow is planned.

• For intracavitary lymph effusions, dual-phase lym-
phoscintigraphy is generally performed, consisting 
of static spot images followed by SPECT or prefer-
ably SPECT/CT imaging.

a
b

c

d

Fig. 4.6 Lymphoscintigraphy with 99mTc-nanocoll in an 81-year-old 
woman with bilateral lower limb lymphedema following surgery for 
uterine cervical cancer. The right lower limb, with more severe lymph-
edema, was considered as the affected side (ISL stage: II; LEL index: 
338). (a) Both the early and delayed planar images show reduced/
absent accumulation in inguinal lymph nodes. Although the planar 
images cannot discriminate the lymphatic vessel in the medial lower 

thigh from dermal backflow (red arrow in a), SPECT/CT images pro-
vide the correct information as dermal backflow (d, red arrow). 
Furthermore, whereas the planar images cannot determine whether the 
tubular accumulation in the medial thigh is lymphatic vessel or vein 
(yellow arrow in a), SPECT/CT showed vein to be the definitive answer 
(blue arrow in b and yellow arrow in c). Therefore, this case was classi-
fied as type 5 (reproduced with permission from ref. [26])
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(b)  positive test, in the presence of focal accumulation of 
radiocolloid that increases throughout the acquisitions until 
the end of the first stage; and (c) disappearance in the last 
acquisition at 24 h.

4.5  Lymphoscintigraphy with Stress Test

Lymphoscintigraphy can be performed by applying an 
 intervention designed to augment lymphatic flow—such as 
changes in temperature, physical exertion, or administration 
of a pharmacologic agent. Although stress lymphoscintigra-
phy is recommended by most authors for its enhanced sensi-
tivity and for its utility in the quantitation of lymphatic flow 
[23, 32], this approach is not universally employed [12, 14]. 
In the lower extremities, stress maneuvers include walking 
[33], standing [19], limb massage [20, 34], standardized 
treadmill exercise [22], and bicycle exercise [25]. In the 
upper extremities, the use of either repetitive squeezing of a 
rubber ball, a handgrip exercise device [35], or massage [20] 
has been proposed. Massage, exercise, and standing each 
enhances radiocolloid absorption from the injection site [19, 
34, 36, 37]. Table 4.1 lists the different stress tests used by 
different authors.

4.6  Quantitative Lymphoscintigraphy

Quantitation of lymphatic flow through lymphoscintigraphy 
has been proposed by many authors to enhance sensitivity of 
the technique in the diagnosis of lymphatic flow impairment 
[1]. According to the procedures employed, different quanti-
tative parameters can be derived.

 (a) Transport Index (TI) [35]: It is an overall parameter of 
transport kinetics ranging from 0 (normal) to 45 (patho-
logical), designed by combining visual assessment of 
five criteria: (i) spatial radiocolloid distribution, (ii) tem-
poral radiocolloid distribution, (iii) time of lymph node 
visualization, and (iv) graded visualization of lymph 
nodes and (v) graded visualization oflymphatic vessels. 
In a healthy extremity the TI should be <10. Following 
treatment, changes in this parameter are significantly 
correlated with volume changes of the extremities.

 (b) Transit Time (TT): It is the time it takes for the radiocol-
loid to reach the inguinal lymph nodes, and has  

Key Learning Points
• To augment lymphatic flow, lymphoscintigraphy 

can be performed by applying a “stress test” such as 
changes in temperature, physical exertion, or 
administration of a pharmacologic agent, massage, 
exercise, and standing/walking.

a b

Fig. 4.7 Typical example of a normal pattern of two-compartment 
lymphoscintigraphy in lower limbs. (a) Step one of lymphoscintigra-
phy, obtained after deep injection as described in the text: symmetric 
migration of the radiocolloid along the vessels of the deep lymphatic 
circulation, with visualization of both the popliteal and the inguinal 
lymph nodes. (b) Step two of lymphoscintigraphy, obtained after subse-
quent radiocolloid injection in the subdermal space, as described in the 
text; in addition to the deep lymphatic vessels (still visualized by prior 
deep radiocolloid injection), the superficial lymphatic circulation is 
now visualized. The image represents therefore the sum of the two lym-
phatic systems, deep and superficial. From the superficial injection site 
a single lymphatic vessel originates on both sides, immediately dividing 
into two collaterals, one pointing symmetrically along the medial por-
tion of the legs and thighs until the groin and the other pointing later-
ally; both vessels merge at the groins into the inguinal lymph nodes and 
continue in the main pelvic and abdominal lymphatic system

Key Learning Points
• Abnormal lymphoscintigraphic findings include 

asymmetrical visualization of lymphatic channels, 
development of collateral lymphatic channels, 
interrupted lymphatic vessels and lymph collection, 
asymmetrical or absent visualization of regional 
lymph nodes, and presence of “dermal flow” and/or 
“dermal back flow.”

• For intracavitary lymph effusions, differences in 
radioactivity accumulated in all the images at the 
site of interest over time should be evaluated.
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Table 4.1 Quantitative lymphoscintigraphy and stress tests in lymphedema: main clinical experience

Radiotracer Route ROIs Imaging Stress Parameter Author
99mTc- nanocoll sc IS 10 × 6 s 120 × 60 s 

dynamic + static
1. Passive electric foot 
ergometer at 30 cycles/
min for 2 h
2. Climb 150 steps

LN uptake % ID after 
(1) and (2) exercise

Weissleder et al. 
[1]

99mTc- antimony 
trisulfide colloids

sc LN Dynamic Modified TI index Cambria et al. [13]

99mTc- HSA id + sc IS, LN 0–45 min dynamic, 0, 
45, 90 min static

Walk Clearance rate, LN 
uptake (time-activity 
curve)

Nawaz et al. [17]

99mTc- nanocoll sc, im LN 15 min 15-min walking on 
horizontal treadmill 
3.2 km/h

LN uptake % ID 
depth correction

Mostbeck et al. 
[22]
Partsch et al. [23]

99mTc- nanocoll sc LN 2 h Bicycle 25 W Lymph vessel uptake Bräutigam et al. 
[25]

99mTc- HSA sc IS 10 min 3-h Walking Clearance rate Kataoka et al. [33]
99mTc- nanocoll sc sc 0, 20 min, 2 h static Flex and straighten feet 

20 movements/min for 
20 min

Transit time Dabrowski et al. 
[38]

99mTc- HSA sc LN Static + dynamic + static Standardized treadmill 
walk (20 min) + walk at 
the brisk pace for 
60 min

LN uptake at 2 h Damstra et al. [39]

99mTc- antimony 
trisulfide colloids

sc LN uptake Gloviczki et al. 
[40]

99mTc- HIG sc IS and LN Dynamic + static up to 
5.8 h

Squeezing a ball in 
hands simultaneously 
together with flexion at 
the elbow and pronation 
of the forearm 
(20 cycles/min)

Removal rate 
constant

Stanton et al. [41]

99mTc- HIG id LN, IS 0–2 h dynamic + static None Lymphatic transit 
time

Modi et al. [42]

111In/99mTc-HSA/
HIgG

sc 3 h 30 fist clenchings Clearance rate Pain et al. [43]

99mTc- nanocoll sc LN, liver 45, 150-min half- body 
images

None Liver- to- lymph node 
ratio

Stamp et al. [44]

99mTc- rhenium S sc IS 0–40 min None Colloid clearance Pecking et al. [45, 
46]

99mTc- HIG id IS 1 min; 5 × q 1 h None Clearance rate Svensson et al. 
[47]

99mTc- HAS im IS 4 h 100 Submaximal 
contractions in 10 min

Clearance rate Havas et al. [48]

99mTc- antimony 
colloids

sc IS 1 h Bouts of arm cranking 
for 5 min at 0.6 Watts/kg 
or 75 contractions in 
2.5 min at 50% MVC

Clearance rate Lane et al. [49]

99mTc- antimony 
colloids

sc IS and LN 65 min 12 repeated sets of arm 
cranking for 2.5 min at 
0.6 Watts/kg or 12 
repeated sets of arm 
cranking for 2.5 min at 
0.3 Watts/kg

Clearance rate Lane et al. [50]

99mTc- nanocoll sc IS, LN 0–30 min, dynamic
35 min + 3 h, static

Phase I no movement
Phase II foot/toe 
movements for 5 min
Phase III 1-h walking

Extraction % ID and 
LN uptake (time-
activity curve with 
correction for decay 
and background)

Bourgeois [51]

99mTc- nanocoll id IS, LN Walk for 3 h ROI analysis Ketterings [52]
99mTc- antimony 
colloids

sc 20–40 min, 1 h, 2 h Normal walking 20 min Clearance rate
LN uptake % ID

Proby [53]
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originally been proposed for use only in lower limb lym-
phoscintigraphy. When using large-size particle radio-
pharmaceutical as 99mTc-immunoglobulin, imaging up to 
3 h is necessary, since the large particle sizes are drained 
slowly from the injection site to the lymph nodes. When 
using 99mTc-nanocolloids or filtered 99mTc- sulfur col-
loids, shorter acquisition times are adequate, with better 
quality images allowing easier interpretation [61, 62]. 
Although this parameter correlates with the severity of 
lymphatic dysfunction, a certain variability in TT esti-
mation has been reported, suggesting that the informa-
tion provided by the TT index should be employed in 
association with visual interpretation of the images for 
improved diagnostic accuracy [38].

 (c) Mean Transit Time (MTT): Time-activity curves from 
each injection site and each arm region are recorded. The 
input into the arm region is obtained as the (minus) time 
derivative of the injection site-activity curve. In the pro-
posed model the arm-activity curve is considered to arise 
from the convolution of the retention function and the 
input function. The retention function is obtained by fit-
ting the calculated arm-activity curve to the measured 
arm-activity curve. The MTT of activity passing through 
the arm is calculated as the time integral of the resulting 
retention function [63]. The average MTT of the lymph-
edema arm has been reported as 60.1  min (range 
22–105 min) versus 5.4 min (range 1.2–8.7 min) in the 
contralateral, healthy arm.

 (d) Tracer Appearance Time (TAT): It is calculated as the 
time it takes for the radiocolloid to drain from the injec-
tion site to locoregional lymph nodes (normal value 
<10  min when using 99mTc-nanocoll and intradermal 
injection at the first interdigital space) [62]. By selecting 
an ilioinguinal node uptake of 9.7%, lymphedema could 

be diagnosed with 86.8% sensitivity and 82.4% specific-
ity [64].

When lymphatic dysfunction is bilateral, quantifica-
tion of lymph node accumulation and clearance of activ-
ity from the injection site both become important 
parameters. It should be emphasized that these parame-
ters are strongly influenced by the amount of exercise a 
patient can perform [65].

 (e) Transport Capacity (TC): It assesses the clearance of 
injected radioactivity, calculated as the ratio between the 
amount of activity transported from the depots to the 
groin lymph nodes over the first 2 h after injection and 
the injected activity; the normal reference limit is 15%. 
This parameter offers an objective measure of lymphatic 
function, capable of detecting reduced lymphatic drain-
age in the early stages, even before the appearance of 
clinical manifestations, or of qualitative changes in the 
lymphoscintigraphic pattern [1, 23, 25, 34, 39, 40, 
66–69].

 (f) Removal Rate Constant (RRC): It represents local lymph 
flow per unit distribution volume of the flow marker; it is 
reduced by about 25% in the presence of lymphatic dys-
function involving a local impairment of lymphatic 
drainage [22, 41, 70].

 (g) Depot Activity Transported to Inguinal Lymph Nodes: 
This modified method is employed in few protocols to 
estimate the depot clearance rate; by using attenuation 
correction, it takes into account the individual variation 
in tissue depth, in order to improve quantification of 
lymph node activity and to make this parameter more 
reliable [1, 23, 25, 42].

 (h) Lymphatic Drainage Efficiency (LDE): LDE is calcu-
lated as the percentage of injected activity (IIQ) in ilio-
inguinal nodes 150  min following subcutaneous foot 

Table 4.1 (continued)

Radiotracer Route ROIs Imaging Stress Parameter Author
99mTc- HAS id LN 0–30 min Standing 15 min LN uptake (time- 

activity curve)
Suga [54]

99mTc- HIG, 
99mTc- nanocoll

sc, id IS Dynamic intervals 
10–171 min

None Depot disappearance 
rate constant

O’Mahony et al. 
[55, 56]

99mTc- nanocoll sc 0–100 Dynamic + static Tip- toeing exercise in 
unison for 5 min
Walk for 30 min

Extraction % ID and 
LN uptake (time-
activity curve)

Bourgeois et al. 
[57]

99mTc- nanocoll sc, id IS, LN 0–100 min dynamic None LN % ID Bourgeois et al. 
[58]

99mTc- nanocoll sc IS Static 1. Massage + limb 
elevation
2. Walk/exercise 2 min

Tracer appearance 
time

Tartaglione et al. 
[59]

99mTc- HAS sc IS 0–25 min dynamic Ergometric bicycle 
75 w × 10 min

Wash rate constant Jensen et al. [60]

99mTc- dextran id LS 0–30 min dynamic Manual lymphatic 
therapy

Number of particles 
in ROI

De Godoy [37]

sc subcutaneous injection, id intradermal injection, im intramuscular injection, IS injection site, LN lymph node, ID injected dose
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web-space injection of 99mTc-nanocolloid and the per-
centage of activity leaving the injection depot by 
150 min (k) as follows: LDE (%) = 100 (IIQ/k). IIQ, k, 
and LDE have been shown to be significantly lower in 
unilaterally normal compared with bilaterally normal 
limbs. LDE is lower in limbs displaying skin diversion 
and/or delay [71].

 (i) Uptake Index of the Left Inguinal (UIL) to the Right 
Inguinal Lymph Nodes (UIR): It provides the radioactiv-
ity ratio for inguinal nodes calculated in the whole-body 
images acquired at 2 h postinjection, and requires mea-
surement of radioactivity at the injection site immedi-
ately after the administration to calculate the percentage 
of the radiocolloid administered into the left/right foot 
(WpL/WpR). Therefore, UIL/UIR is calculated as the 
percent fraction of count rate in the lymph nodes of the 
left/right inguinal region divided by the count rate over 
the total body × WpL/WpR [38]. Also the UIL/UIR ratio 
is used to identify lymphatic dysfunction; however, 
some variability in UIL/UIR determination has been 
reported, thus suggesting that also this quantitative 
parameter should be employed in association with visual 
interpretation of the images for improved diagnostic 
accuracy.

 (j) Washout Rate Constant (k) and Depot Half-Life 
(T1/2  =  ln2/k): These parameters of lymphatic function 
are calculated by linear regression analysis of the time- 
activity curve derived from images obtained over 
20–25 min starting 40 min after injection of 10 MBq of 
99mTc-HSA (30 min of rest + 10 min of ergometer bicy-
cle at 75 W). The depot half-life is prolonged in case of 
lymphatic dysfunction (4.6 h versus 2.7 h in normal con-
trols when using 99mTc-nanocoll); clearance of 99mTc- 
HSA is generally faster than clearance of 99mTc-nanocoll 
[22]. However, these parameters are influenced by the 
radiopharmaceutical injection technique, thus resulting 
to be somewhat unreliable to assess lymphatic dysfunc-
tion [31, 42, 43, 72–77].

 (k) Liver-to-Nodal Ratio (L/N Ratio): It is calculated 
based on regions of interest (ROIs) drawn, respec-
tively, around the right lobe of the liver and around the 
ilioinguinal lymph nodes bilaterally in the anterior-
view images acquired at 45 min and at 150 min postin-
jection; counts within the ROIs are corrected for 
background (ROIs on the same horizontal levels as the 
liver and lateral to the right edge of the ilioinguinal 
nodes, respectively). Normal values are 1.8 
pixel−1  ×  10−6 (range 1.3–5.5) at 45  min, and 2.5 
pixel−1 × 10−6 (range 1.5–5) at 150 min. The 150-min 
L/N ratio is most frequently found to be abnormal in 
patients with lymphatic dysfunction, and is well cor-
related with the severity of lymphoscintigraphic 
abnormalities [44].

In patients with intracavitary lymph effusion, quantitative 
evaluation is performed assessing the ratio values (K) between 
the mean activity/per pixel detected (in all the sequential 
acquisitions) on ROIs integrated on the focal zone (suspected 
pathological area − “ROIp”) and the mean activity/per pixel 
measured on a “nontarget area”  =  considered healthy 
area − “ROIh” located, as a rule, contralaterally. Accordingly, 
K is calculated as the ratio ROIp/ROIh. Therefore, a lympho-
scintigraphy is defined as normal when stable K values are 
obtained throughout all of the images. On the contrary, 
increasing K values at sequential imaging times is consistent 
with the presence of intracavitary lymph effusion.

It should be noted that clearance values from the injection 
site may not allow, by themselves, to discriminate lymph-
edema from normal lymphatic function, as qualitative evalu-
ation is invariably required [23].

4.7  Virtual Reality for Preoperative 
Planning with Lymphoscintigraphy

The conventional planar images of lymphoscintigraphy and 
SPECT/CT can be processed by dedicated software to visu-
alize a 3D patient-specific model, thus creating a detailed 3D 
image of the anatomical structures. To this aim, the exact 
localization of the afferent lymphatic vessels is obtained by 
lymphoscintigraphy including SPECT/CT, which is of par-
ticular value because conventional planar imaging is not able 
to discriminate between lymph nodes and other structures, 
including lymphangiomas. The conversion of cross-sectional 
radiological images into 3D reconstruction and the genera-
tion of 3D visualization in virtual reality (Fig. 4.8) enable to 
visualize in 3D the lymphatic drainage pathways and the 
localization of the lymphatic malformation, but also to plan 
and perform the intervention without iatrogenic damage to 
the adjacent structures [78].

Key Learning Points
• Quantitation of lymphatic flow through lymphos-

cintigraphy enhances sensitivity of the technique in 
the diagnosis of lymphatic flow impairment.

• Different quantitative parameters can be derived 
depending on the procedure employed for 
lymphoscintigraphy.

Key Learning Point
• Lymphoscintigraphy images can be processed by 

dedicated software to visualize a 3D patient- specific 
model, thus creating a detailed 3D image of the ana-
tomical structures for surgical guidance.
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4.8  PET/CT and PET/MR 
Lymphoscintigraphy

The intraoperative identification of sentinel lymph nodes 
(SLNs) using 89Zr-nanocolloidal albumin consists of preop-
erative PET/TC imaging (Fig. 4.9) followed by intraoperative 
SLN detection using a handheld high-energy gamma probe. 
This has been achieved in patients with oral cavity carcinoma 
planned for surgical resection. The lymphoscintigraphy pro-
tocol consists of dynamic frames starting almost immediately 
after four peritumoral injections of 89Zr-nanocolloidal albu-
min (average total activity of 5.9 ± 3.5 MBq). A high-energy 
handheld gamma probe designed to detect 511 keV photons 
can then be used for intraoperative SLN localization (Fig. 4.9). 

Therefore, the combination of preoperative PET/CT imaging 
and intraoperative high-energy gamma probe allows optimal 
SLN detection [79].

In case of peripheral lymphoscintigraphy, local injection 
of 68Ga-labeled NOTA-Evans blue (68Ga-NEB) is performed 
using a small volume (about 0.5  mL) and an activity of 
37  MBq/administration (Fig.  4.10). In patients with upper 
extremity swelling the site of injection is the subcutaneous 
tissue between the thumb and index finger of each hand. In 
case of lower limb lymphedema as well as in case of intra-
cavitary lymphedema, 68Ga-NEB is injected subcutaneously 
into the bilateral first web spaces of the feet (0.5 mL, 37 MBq/
foot), followed by massage of the injection sites. The patients 
are also requested to walk after tracer injection [81].

a b

Fig. 4.8 (a) 3D reconstruction of a SPECT/CT acquisition of lympho-
scintigraphy, based on the fusion of the CT images with the SPECT 
images and obtained by virtual reality software, showing the site of 
lymphatic malformation (green arrows). (b) 3D reconstructed hybrid 
image of the SPECT/CT acquisition obtained by virtual reality soft-

ware, showing visualization of the lymphatic structures of the lower 
limbs. Note the extension of the malformation (conglomerate of tracer) 
from the region of the right thigh up to the abdominal cavity (repro-
duced with permission from ref. [78])

a b

Fig. 4.9 (a) High-energy handheld probe based on the use of a five-crystal assembly in the detecting head for electronic collimation of the 
511 keV annihilation photons. (b) Intraoperative use of the handheld high-energy probe (reproduced with permission from ref. [79])
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4.8.1  PET/CT Imaging Protocol of Lymphatic 
Circulation

The 68Ga-NEB PET/CT protocol consists of a whole-body 
acquisition at multiple time points after tracer injection. 
After low-dose CT scanning (120 kV, 35 mA, 3 mm layer, 
512 × 512 matrix, 70 cm FOV), a whole-body PET acquisi-
tion is performed from the foot to the cervical area and cov-

ered by 7–9-bed positions (2 min/bed). At 60 and 90 min, the 
PET scan can be repeated (5–7-bed positions, 2 min/bed), 
covering from the foot ankle to the pubic symphysis. For 
those patients with suspected chylothorax, chyloperitoneum, 
or chyluria, the images are acquired 5–20 min after tracer 
injection. For those with lymphedema, longer intervals up to 
1 h between tracer injection and image acquisition are rec-
ommended [82].

a

c
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Fig. 4.10 (a) Lymphoscintigraphy with 99mTc-sulfur colloid obtained 
in a patient with severe edema of the left lower limb shows large and 
diffuse dermal backflow of the left lower limb, associated with absent 
tracer accumulation in left inguinal lymph nodes. (b) In the same 
patient, MR lymphangiography shows increased subcutaneous thick-
ness and diffuse fibrosis of the left leg, as well as dilated and tortuous 
deep-seated lymphatic channels of the left medial calf (coronal images). 
PET/CT was acquired 60  min after interstitial injection of 
68Ga-NEB. The MIP image displayed in (c) shows severe and diffuse 
dermal backflow of the left leg, associated with reduced/absent tracer 

accumulation in left inguinal lymph nodes and a length of dilated and 
tortuous lymphatic channels of the left calf (as confirmed by fused PET/
CT images shown in d, e, and f). Panels (g) and (h) display axial sec-
tions of the fused PET/CT images, respectively, at the leg level and at 
the inguinal level, the latter demonstrating reduced/absent visualization 
of inguinal lymph nodes. (i) Intraoperative ICG lymphangiography was 
unable to delineate lymphatic vessels, due to limited penetration depth 
of optical imaging and overall overgrowth of adipose tissue in stage III 
lymphedema (reproduced with permission from ref. [80])
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4.8.2  PET/MR Imaging Protocol of Lymphatic 
Circulation

In case of PET/MR, the imaging protocol consists of the acqui-
sition of images 20 and 40 min after subcutaneous injections of 
68Ga-NEB into the first interdigital spaces of both feet (0.5 mL, 
37  MBq/foot), by using an integrated PET/MR scanner 
(Fig. 4.11). The PET protocol consists of the acquisition of 3- or 
4-bed positions, and the images are reconstructed with an 
ordered subset expectation maximizing algorithm (12 iterations, 
28 subsets, Gaussian filter with FWHM of 6.0 mm) to a matrix 
of 192 × 192, with slice thickness of 2.94 mm. For each bed 
position, the MR protocol consists of axial T2-weighted imag-

a

d e f

b c

Fig. 4.11 68Ga-NEB TOF PET/MR lymphoscintigraphy patterns 
observed in three different cases (selected as representative examples of 
patients with minimal, moderate, and severe lower limb lymphedema, 
respectively) are displayed as the MIP images in (a), (b), and (c). The 
corresponding fused axial sections displayed in (d), (e), and (f) visual-
ize well in each patient the deep lymphatic vessels (red arrows) and 
superficial lymphatic vessels (yellow arrows). (a) The PET MIP image 
at 20  min shows dermal backflow and reduced inguinal lymph node 
visualization on the affected left side. (b) The PET MIP image at 20 min 
shows dermal backflow and decreased inguinal lymph node visualiza-

tion on the right affected side. (c) The PET MIP image at 20 min shows 
dermal backflow and decreased inguinal lymph node visualization on 
the affected left side. (d–f): The corresponding fused axial PET/MR 
images show that 68Ga-NEB accumulation in the superficial lymphatic 
vessels of the affected limb is less than that of the normal limb (yellow 
arrows). Instead, 68Ga-NEB accumulation in the deep lymphatic vessels 
of the affected limb is equal to that of the normal limb (red arrows). It 
can also be noted that there is much more adipose fat deposition around 
the superficial than around the deep lymphatic vessels (reproduced with 
permission from ref. [82])

Key Learning Points
• Combination of preoperative 89Zr-nanocolloidal 

albumin PET/CT imaging and intraoperative high- 
energy gamma probe allows optimal SLN 
detection.

• 68Ga-labeled NOTA-Evans blue injected subcutane-
ously is used for PET/CT peripheral 
lymphoscintigraphy.

• The 68Ga-NEB PET/CT imaging protocol consists 
of whole-body acquisitions at multiple time points 
after tracer injection.
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ing with a fast- recovery spin-echo (FSE) sequence, the iterative 
decomposition of water and fat with echo asymmetry and least-
squares estimation (IDEAL) method to achieve better fat satura-
tion, T1-weighted imaging with a FSE sequence, and IDEAL to 
obtain separated water, fat, and in-phase and out-of-phase 
images. After the first acquisition, the scanning can be repeated. 
Then, coronal MRI with large FOV is performed [82].

4.8.3  Imaging Interpretation of PET-Based 
Lymphoscintigraphy

Besides visual interpretation, several semiquantitative param-
eters can be used to assess the severity of lymphedema:

• Standardized uptake value (SUV) of superficial lymphatic 
vessels (SLV), denominated as SUVslv

• SUV of deep lymphatic vessels (DVL), denominated as 
SUVdlv

• Ratio of the two values above (SUVslv/dlv)

To this aim, regions of interest (ROIs) for the middle of 
the crus, middle of the leg, and middle of the thigh are used 
to measure SUVsvl and SUVdvl, set, respectively, as the aver-
age maximum SUVslv and maximum SUVdlv of these three 
regions. SUVslv/dlv is designed to assess the severity of lymph-
edema. The SUV is calculated based on the activity of 
68Ga-NEB and weight of the patient.

At PET/CT significant difference in the SUVslv between 
the affected limbs and normal limbs was found in all subjects 
(affected limbs: 0.57  ±  0.32; normal limbs: 1.86  ±  1.43; 
P < 0.05), which was not found in the SUVdlv (affected limbs: 
0.64 ± 0.39; normal limbs: 0.63 ± 0.31; P > 0.1). The SUVslv/

dlv ratio of the affected limbs showed also differences related 
to the severity of lymphedema [82]. Similarly, a significant 
difference in the SUVsvl between the affected limbs and nor-
mal limbs in all enrolled patients was found when using 
PET/MR, with a negative correlation between SUVslv/dlv and 
severity of lymphedema [82].

4.9  CT Imaging of Lymph Nodes 
and Lymphatic Circulation

Most systemic imaging of the lymphatics is limited to the 
detection of enlarged lymph nodes on CT or MRI. Normal 
lymph nodes, despite the large flow of lymph through them, 
are tightly regulated in size. When they become infected or 
are the site of metastasis, they enlarge and become readily 
visible on CT and MRI, with secondary architectural changes 
often becoming apparent.

4.9.1  CT for Lymph Node Assessment

Traditionally, CT relies on size criteria to distinguish benign 
from metastatic lymph nodes; in particular, a maximum 
short-axis diameter >1 cm is considered malignant. The long 
axis of normal nodes is typically parallel to the lymphatic 
vessels. Characteristics of normal lymph nodes include 
horseshoe shape, a hilum containing central fat, smooth out-
line, and homogeneous CT density [83]. Moreover, they tend 
to be more elliptical than pathologic nodes. Pathologic nodes 
tend to be enlarged and irregular, and lose their central fat. 
However, micrometastases, particularly with breast cancer, 
are often found in lymph nodes with normal size and shape 
[84]. Further improvements in spatial resolution, 
 cross- sectional imaging, and three-dimensional reconstruc-
tions may allow the assessment of additional morphological 
features of the nodal cortex and sinus to aid diagnosis. While 
these findings are useful in day-to-day clinical practice, they 
are inherently nonspecific. Small lymph nodes may contain 
microfoci of disease and not be enlarged or distorted in 
shape; conversely, enlarged nodes may simply be caused by 
hyperplasia rather than malignancy.

4.9.2  CT Lymphography (CT-LG)

Interstitially injected iopamidol-CT has been investigated for 
SLN identification in patients with cancer (Fig. 4.12). Suga 
et al. investigated the ability of thin-section, three- dimensional 
CT with iopamidol to correctly localize SLNs [86]. Seventeen 
patients with breast cancer underwent preoperative CT scan-
ning after injection of iopamidol into peri- tumor and peri-
areola areas. Perioperative blue-dye injections were 
performed for comparison. CT lymphography localized 
SLNs in all patients, and provided accurate anatomical map-
ping of SLNs and of connections to their afferent lymphatic 
vessels draining from the injection sites. The spatial resolu-
tion achieved may provide improved accuracy in guiding 
SLN biopsy (SLNB), but it does not provide real-time feed-
back to the surgeon. Minato et al. were also able to identify 
SLNs in 13/15 patients with breast cancer, either by enhance-
ment of the lymphatic vessel draining into the SLN or by 
enhancement in the SLN itself, correlating well with blue-dye 

Key Learning Point
• PET/MR lymphoscintigraphy consists of the acqui-

sition of images 20 and 40 min after subcutaneous 
injections of 68Ga-NEB.

Key Learning Point
• PET/CT lymphoscintigraphy is interpreted visually 

or by calculating semiquantitative parameters such 
as the standardized uptake value (SUV) of superfi-
cial lymphatic vessels (SUVslv), SUV of deep lym-
phatic vessels (SUVdlv), and ratio of the two values 
above (SUVslv/dlv).

M. Sollini et al.



67

 detection [87]. Suga et al. have also demonstrated CT-based 
detection of SLNs in esophageal cancer [88]. Using an endo-
scopic technique, they injected iopamidol peri-tumorally in 
nine esophageal cancer patients, prior to esophagectomy and 
regional lymph node dissection. Histology confirmed the 
high predictive value of SLNB guided by CT lymphography. 
A problem with iopamidol-based SLN imaging is that, due to 
its low molecular weight, this agent quickly opacifies and 
washes out of the lymph nodes. This creates a limited time 
window for scanning and/or surgery.

The interstitial CT-LG method described by Suga et  al. 
[86, 89, 90] was also used for comprehensive high-definition 
3D assessment of the lymphatic vessels of the extremities 
using multidetector-row CT (MDCT). Lymphoscintigraphy 
and indocyanine green (ICG) were used in the same patients 
as the gold standard imaging technique. A total of 0.8 mL of 
1% Xylocaine® was injected subcutaneously into the first to 
fourth interdigital web space of the dorsum of the foot, using 
a 30-gauge needle, to reduce the pain. A total of 4  mL of 
iopamidol was then injected intradermally using a 24-gauge 
needle at the same sites. After iopamidol administration, the 
injection sites ware massaged gently for 10 min to facilitate 
migration of the contrast agent to the draining lymphatics. 
Thirty minutes after the administration of iopamidol, contigu-
ous 1-mm-thick CT images were acquired from the tip of the 
foot to the groin area (120 kV and 250 mA, with a 50 cm field 
of view and a 512  ×  512 matrix). Three-dimensional CT 
images can then be reconstructed using maximum intensity 
projection (MIP) and surface rendering techniques. In a study 
performed in patients with early-stage lymphedema, uptake 
of the contrast agent was limited to the dorsum of the foot and 
the leg, whereas the imaging results for the thigh were poor, 

probably due to the slower flow of the contrast agent in lym-
phatic vessels, or alternatively the uptake of the contrast agent 
may be less in the lymphatic system compared to the radio-
isotope tracer used for lymphoscintigraphy. Considering the 
fact that lymph flows centrally over time, increasing the 
imaging time to 30 min or more and increasing the exercise 
load in addition to massaging the injected sites to increase the 
lymphatic flow may also be helpful. CT-LG provided high-
resolution images of individual lymphatic vessels of the dor-
sum of the foot and leg, which have a typical diameter of 
0.7–2.1 mm, which is a major advantage of CT-LG. In addi-
tion, the possibility of three- dimensional observation of 
deeper tissues might help in investigating the mechanism of 
dermal backflow: from collecting lymphatic vessels, several 
thinner lymphatic vessels branch out toward the dermis, tran-
sitioning to the dermal backflow.

Key Learning Points
• At CT imaging, lymph nodes with a maximum 

short-axis diameter >1  cm are considered 
malignant.

• Pathologic/metastatic lymph nodes tend to be 
enlarged and irregular, and lose their central fat.

• CT imaging following interstitial iopamidol injec-
tion has been investigated for SLN identification in 
patients with cancer.

• The interstitial CT-LG method has also been used 
for comprehensive high-definition 3D assessment 
of the lymphatic vessels of the extremities using 
multidetector-row CT.

a b c2 min 5 min 10 min

Fig. 4.12 Axial images from CT lymphography obtained after peritu-
moral injection of iopamidol in a patient with oral cancer. (a) SLN and 
lymphatic vessels visualized at 2 min postinjection. (b) Clear contrast 
enhancement of the SLN at 5 min postinjection, with disappearance of 

the lymphatic vessel. (c) Disappearance of both the SLN and lymphatic 
vessel at 10 min postinjection (reproduced with permission from ref. 
[85])
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4.10  Magnetic Resonance Imaging 
of Lymph Nodes and Lymphatic 
Circulation

MRI has long been used in a manner similar to CT for lymph 
node staging. Unenhanced MR is equivalent to CT, since it 
relies predominantly on size criteria in order to distinguish 
benign from malignant lymph nodes. As with CT, there are 
a few morphological features that can aid the diagnosis of 
benign nodes, i.e., regular nodal outline, or homogenous 
signal intensity. However, absolute signal intensities of 
benign lymph nodes cannot be reliably distinguished from 
those of malignant lymph nodes on either T1- or T2-weighted 
images [91].

4.10.1  Dynamic Contrast-Enhanced MRI 
of Lymph Nodes

The technique of functional or dynamic contrast-enhanced 
MR imaging (DCE-MRI) is readily available in the clinical 
setting. DCE-MRI acquires serial images following the 
intravenous injection of a contrast agent, typically low- 
molecular- weight Gd-DTPA.  Wash-in and washout curves 
can be derived from regions of interest (ROIs) for direct 
comparison, or pharmacokinetic models can be applied in 
order to derive permeability parameters. The resulting 
parameters reflect differences in blood flow and permeability 
and have been shown to correlate with the degree of angio-
genesis within tumors. To this end, DCE-MRI may play a 
role in identifying malignant lymph nodes. Heiberget al., 
while performing DCE-MRI in patients with breast cancer, 
noticed that the DCE profiles of malignant nodes were simi-
lar to those of the primary cancer [92]. Murray et  al. per-
formed preoperative DCE-MRI in 47 women with newly 
diagnosed primary breast cancer [93]. Enhancement indices 
and nodal areas were correlated with the histopathology of 
excised nodes. Ten patients were found to have axillary 
metastases, and all of these patients had at least one lymph 
node with an enhancement index of >21%, with 100% sensi-
tivity. However, specificity was only 56% due to frequent 
false-positive results, although more encouragingly a nega-
tive predictive value of 100% could be achieved. Kvistad 
et  al. assessed 65 patients with more advanced, invasive 
breast cancer prior to treatment with surgery and axillary 
lymph node dissection [94]. Histology confirmed metastases 
in 24 patients. Using criteria based on changes in signal 
intensity, DCE-MRI correctly classified 57/65 patients (88% 
accuracy), yielding a sensitivity of 83% and specificity of 
90%. Fischbein et al. used DCE-MRI to assess lymph nodes 
in 21 patients diagnosed with squamous cell carcinomas of 
the head and neck [95]. All patients underwent lymph node 
dissection; 68 lymph nodes were assessed and, unlike breast 

cancer, these malignant lymph nodes displayed significantly 
longer time to peak enhancement, reduced peak enhance-
ment, decreased slope, and slower washout, compared with 
normal lymph nodes. This may reflect the typically necrotic 
nature of head and neck tumors and their draining lymph 
nodes.

4.10.2  Contrast-Enhanced Magnetic 
Resonance Lymphography

Preliminary reports on a novel technique of contrast- 
enhanced MR lymphography (MRL) are promising for the 
evaluation of chronic lymphedema. Compared to lymphos-
cintigraphy, MRL provides a noninvasive means to assess 
both the anatomy and functionality of the lymphatic system 
with a higher spatial and temporal resolution, with shorter 
time exam, and without the use of ionizing radiation. In addi-
tion, although lymphoscintigraphy and conventional fluoro-
scopic lymphangiography, being dynamic studies, allow 
real-time continuous evaluation of slow-flowing lymphatic 
channels, these techniques do not provide cross-sectional 
organ and soft-tissue detail. By contrast, MRL allows 
enhanced visualization of the lymphatic system with cross- 
sectional imaging and reveals a powerful diagnostic tool to 
evaluate lymphatic disease [96]. Furthermore, other MR 
exam components, such as 3D heavily T2-weighted and fat- 
suppressed sequences, enable the evaluation of subcutaneous 
soft tissues to delineate the presence, severity, and extent of 
lymphedema, as well as associated soft-tissue changes such 
as adipose tissue deposition and fibrosis [97].

A typical protocol used for an MRL exam consists of a 3D 
heavily T2-weighted sequence with spectral fat suppression 
to depict the severity and distribution of lymphedema, and a 
dynamic high-resolution fat-suppressed T1-weighted 3D 
spoiled gradient echo sequence before and after the injection 
of gadolinium-based contrast agent to image enhancement of 
lymphatic channels. In general, to emphasize the gadolinium-
containing structures, such as lymphatic vessels, 3D maxi-
mum intensity projection (MIP) is performed to characterize 
and localize particular structures of interest on different 
image reconstructions [98, 99]. New MRL acquisition proto-
cols have been proposed, consisting of a 3D isotropic 
T1-weighted fast spin-echo (FSE) or a 3D isotropic interme-
diate-weighted fast spin-echo. In patients with lymphedema, 
MRL using 3D T1-weighted FSE is suitable for preoperative 
planning and postoperative imaging of microsurgical lym-
phatic vessel reconstruction, as it provides better information 
regarding lymphatic vessels and their drainage. Therefore, 
this technique succeeds in visualizing the lymph vessel struc-
tures and lymphatic pathway in patients with lymphedema as 
compared to lymphangiography using the 3D intermediate-
weighted FSE pulse sequence, which has the advantage of 
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depicting lymph nodes in lymphedematous extremities [100]. 
Figures  4.13 and 4.14 show examples of direct contrast-
enhanced magnetic resonance lymphangiography.

For contrast-enhanced MRL to identify an occult chylous 
leak, gadolinium contrast agent is injected into a main lymphatic 
vessel, and dynamic 3D T1-weighted MR imaging is acquired 
for 17 min, followed by high-resolution static 3D T1-weighted 
MR images acquired at 30 and 40 min after injection [101].

The MRL images are interpreted visually, adopting a 
qualitative analysis score [98, 103] to assess:

 (a) The quality of drainage using a four-point scale:
 – Score 0, no drainage
 – Score 1, diffuse enhancement, interstitial
 – Score 2, partially diffuse enhancement, interstitial 

and vascular enhancement
 – Score 3, directed, vascular enhancement

 (b) The delay of drainage:
 – Score 0, no drainage
 – Score 1, substantial delay with axillary/pelvic level 

>60 min for MR lymphangiography

 – Score 2, slight delay: axillary/pelvic level >20  min 
for MR lymphangiography

 – Score 3, no delay: lymph vessel enhancement in the 
first series of images, reaching axillary level <20 min 
for MR lymphangiography

 (c) The depiction of lymph vessels which can be performed 
using either a three-point scale:
 – Score 0, no lymph vessels
 – Score 1, weak conspicuity
 – Score 2, strong conspicuity

or a four-point scale:
 – Score 0, no lymph vessels
 – Score 1, poor conspicuity
 – Score 2, moderate conspicuity
 – Score 3, good conspicuity

 (d) For enhancement of axillary/pelvic lymph nodes a three- 
point scale can be used:
 – Score 0, no lymph nodes
 – Score 1, moderate conspicuity
 – Score 2, good conspicuity

Fig. 4.13 Direct contrast-enhanced MR lymphangiography (DCMRL), 
performed in a patient with chylous leak by accessing the inguinal 
lymph nodes and then injecting gadolinium contrast into the lymphatic 
system. (a) Baseline coronal T1 image of the abdomen and pelvis 

obtained before gadolinium injection. (b–d) Coronal fat-suppressed T1 
intranodal images after gadolinium injection demonstrate sequential 
opacification of the retroperitoneal lymphatic vessels (reproduced with 
permission from ref. [101])

a b
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a

Fig. 4.14 Contrast-enhanced MR lymphography performed in a 38-year-
old patient with cervical cancer (Ib1) by injecting gadodiamide into the 
cervical tissue. MR lymphography clearly shows the lymph nodes and 
lymphatic vessels. (a) MR lymphography in the axial view shows the 
lymph nodes and lymphatic vessels. The arrow marks the right cervical 
lymph nodes (R.N.), showing no abnormal increases and no filling defects. 
The other arrow displays the continuity of the right mall lymphatic chan-
nels (R.T.). (b) Sagittal view of MR lymphography. (c) Coronal view of 
MR lymphography, showing the lymph nodes and lymphatic vessels. Two 
arrows mark the left lymph nodes (L.N.), with no abnormal increase and 
no filling defects. The other arrow displays the continuity of the left small 
lymphatic channels (L.T.). The arrow marks the left lymph nodes (L.N.), 
clearly developed with no abnormal increase and no filling defect. The 
other arrow displays the continuity of the left small lymphatic channels 
(L.T.) (reproduced with permission from ref. [102])

c d

Fig. 4.13 (continued)

Anatomic levels up to which lymph vessel enhancement 
is visible can be evaluated based on a four-point scale:

 – Upper arm:
Level 0, hand
Level 1, forearm
Level 2, upper arm
Level 3, axilla

 – Lower limb:
Level 0, feet
Level 1, calf
Level 2, thigh
Level 3, pelvis

When contrast based on ultrasmall particles of iron 
oxide (USPIO) is used during MRI, the malignant cells, 
which cannot accumulate the contrast particles because 
they lack reticuloendothelial activity, retain their native 
MR signal, while normal lymph node tissue becomes 
darker. Therefore, in USPIO contrast-enhanced MRI, 
lymph nodes with tumor metastasis appear as relatively 
bright, compared with the “negative” contrast enhance-
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ment, or darkening, of lymph nodes not harboring metasta-
sis (Fig.  4.15). However, this feature may be difficult to 
detect in cases of micrometastases, where there is sufficient 
normal tissue within the lymph node for USPIO uptake. 
Harisinghani et al. made this observation when investigat-
ing patients with pelvic malignancies, where a lymph node 
subsequently found to contain micrometastases produced a 
heterogeneous signal decrease on MRL [105]. Another 

potential drawback of USPIO enhancement is with reactive 
lymph nodes, which may have low USPIO uptake because 
they predominantly contain lymphocytes, thus making it 
difficult to distinguish then versus metastatic nodes. 
USPIO-enhanced MRI can detect more normal lymph 
nodes than plain MRI alone. One major advantage of 
USPIO enhancement is that it visualizes normal lymph 
nodes throughout the body with a single injection, thus 
allowing multiple sites of disease to be evaluated. For inter-
pretation purposes, it should be noted that the small amount 
of USPIO uptake by the liver, spleen, and bone marrow will 
also cause decreased signal intensity in these organs [106]. 
A number of studies have investigated USPIO-enhanced 
MRL as a means of detecting lymph node metastasis in 
patients. Anzai et al. [107] administered a low USPIO dose 
(1.7 mg Fe/kg body weight) to patients with head and neck 
cancers or with urological and pelvic cancers in whom 
lymph node metastasis was confirmed by histology; they 
reported 95% sensitivity with 84% specificity for the head 
and neck cancers, and 100% sensitivity with 80% specific-
ity for urological and pelvic cancers, respectively [106]. 
The contrast agent was tolerated well, with no adverse side 
effects being reported when the agent was injected slowly, 
and metastatic lymph nodes were clearly detected. A phase 
III clinical study assessed the safety and efficacy of USPIO 
MRI in patients showing that USPIO-enhanced MRI was 
safe and effective and improved the diagnostic performance 
parameters, by increasing the positive predictive value by 
20% and overall diagnostic accuracy by 14% [108].

DCE-MRI using macromolecular agents other than 
USPIO is at a relatively early stage of investigation, and the 
feasibility of MRL with Gd-containing liposomes in animal 
models has been demonstrated [109]. Good uptake was dem-
onstrated in regional lymph nodes following subcutaneous 
injection, with the likely mechanism being trapping of the 
liposomes by macrophages. Misselwitz et al. used the mac-
romolecular contrast medium Gadomer-17 to image the 
inguinal and iliac nodes in dogs following hind limb injec-
tion [110]. Enhancement was seen 15 min postinjection, but 
was maximal 60–90 min after injection, with signal enhance-
ment increasing by as much as 450–960%, depending on the 
initial dose.

It is also possible to use MRI to image the lymphatic- 
convective transport in  vivo. Pathak et  al. selected two 
murine breast cancer lines with different degrees of invasive-
ness [111]. Using albumin-Gd-DTPA as a contrast agent, 
they were able to classify ROIs as “pooling” if the magnetic 
contrast concentration increased over time, or “draining” if it 
decreased relative to the early-phase images. The more inva-
sive tumor line had a significantly higher number of “drain-
ing” voxels. Thus, the lymphatic drainage pattern correlates 
with the metastasis rate. Drainage may be affected by both 
“invasiveness” of the tumor and integrity of the extracellular 

b

c

Fig. 4.14 (continued)
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matrix, which, if reduced, can facilitate passage of tumor 
cells, along with extracellular fluid.

4.11  Indocyanine Green Lymphography

Indocyanine green (ICG) lymphography is becoming a pop-
ular alternate method for imaging the lymphatics. Several 
protocols can be used which share the intradermal/subcuta-
neous injection of ICG (0.2–0.3 mL) into the first web spaces 
of the feet (at the dorsum of the foot) or at the lateral border 
of the Achilles tendon when evaluating the lower limb. When 
investigating the upper limb, ICG is injected in the distal 
aspect of the upper limb at first and fourth web spaces and 
ulnar and radial volar wrist regions. Images can be acquired 
immediately after the injection or some time after injection, 
at rest or after exercise/massage using different equipment 
[112]. The fluorescence images are generally continuously 
observed on the monitor of a laptop computer. The video 
images of the lymphatic drainage are converted digitally into 
AVI- or MPEG2-formatted data and recorded on the hard 
disk of the computer. The movie files are later processed to 
select panoramic pictures that show the whole limb, by using 
specific software.

ICG lymphography was initially used for SLNB in 
patients with breast cancer [113]. When evaluating 
patients with edema, a normal ICG lymphography pattern 
is defined when superficial lymphatic vessels are visual-
ized as linear paths from the injection sites to the superfi-
cial inguinal/axillary lymph nodes, except in regions with 
thick layers of fat, such as the thigh, where images cannot 
be clearly visualized. An abnormal ICG lymphography 
pattern is defined when lymphatic channels demonstrate 
retrograde lymphatic flow (dermal backflow pattern) and 
reduced or absent linear channel patterning (Figs.  4.16 
and 4.17). Three dermal backflow patterns can be identi-

Key Learning Points
• Similarly as CT, unenhanced MR imaging relies 

predominantly on size criteria to distinguish benign 
from malignant lymph nodes.

• Absolute signal intensities of benign lymph nodes can-
not be reliably distinguished from those of malignant 
lymph nodes on either T1- or T2-weighted images.

• Contrast-enhanced MR lymphography (MRL) is 
promising for the evaluation of chronic 
lymphedema.

• A typical MRL protocol consists of a 3D heavily 
T2-weighted sequence with spectral fat suppression 
and a dynamic high-resolution fat-suppressed 
T1-weighted 3D spoiled gradient echo sequence, 
before and after the injection of gadolinium-based 
contrast agent to image enhancement of lymphatic 
channels.

• The MRL images are interpreted visually, adopting 
qualitative analysis scores including the quality of 
drainage, delay of drainage, and depiction/enhance-
ment of lymph nodes.

• In USPIO MRI the malignant cells, which cannot 
accumulate the contrast particles because they lack 
reticuloendothelial activity, retain their native MR sig-
nal, while normal lymph node tissue becomes darker.

• It is also possible to use MRI to image the lym-
phatic-convective transport in vivo.

Day 1

Day 2

a b c

d e f

Fig. 4.15 Ferumoxytol-enhanced MR lymphography findings of met-
astatic lymph nodes. (a–c) Pre-administration of ferumoxytol; (d–f) 
24  h post-administration. (a, d) T2∗ axial images; (b, e) diffusion- 
weighted images; (c, f) T2∗ spectral pre-saturation with inversion 
recovery (SPIR) images. These images refer to a 43-year-old man with 

Gleason 5+5 cancer, previously treated with radical prostatectomy and 
external beam radiotherapy. Enlarged para-aortic lymph nodes were 
seen (arrowheads). After administration of ferumoxytol, these lymph 
nodes retain their signal, indicating metastasis (reproduced with per-
mission from ref [104])
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a

b

c

d

Fig. 4.16 Indocyanine green lymphography. Patterns of drainage path-
way in ICG lymphography images (left) and tracing photos (right), 
showing lymphatic drainage toward the ipsilateral axilla (a), clavicular 

lymph nodes (b), parasternal lymph nodes (c), and contralateral axilla 
(d) (reproduced with permission from ref. [114])
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fied: splash, stardust, and diffuse, which correlate with the 
progression of lymphedema severity. These findings sup-
ported the generation of a novel anatomical lymphedema 
severity staging system, the dermal backflow staging sys-
tem [116]. In addition, dermal backflow patterns can also 
be classified, according to their extension and visibility of 
enhanced lymphatics, into four sub-patterns: proximal 
dermal backflow (PDB), distal dermal backflow (DDB), 
less enhancement (LE), and no enhancement (NE) 
patterns.

For example, in lower limb lymphedema the PDB pattern 
can be summarized as follows:

• Dermal backflow pattern extending from the groin to the 
distal region, with linear pattern being observed distal to 
the extension of the dermal backflow patterns.

• DDB pattern, where the dermal backflow pattern is 
observed in the distal part of the lower extremity but not 
in the groin, and the remaining region show linear pattern 
or no enhanced images.

a b c

Fig. 4.17 Indocyanine green lymphography, showing an example of dis-
tal dermal backflow (DDB) pattern. (a) Left-leg primary lymphedema. (b) 
On indocyanine green lymphography, dermal backflow pattern is observed 

distal to the left knee (DDB pattern). Conversely, a linear pattern is 
observed in the whole right leg (normal pattern). (c) Enhanced lymphatics 
are yellow (reproduced with permission from ref. [115])
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• LE pattern, where the linear pattern is observed only in 
the distal part of the lower extremity, and the remaining 
proximal part show no enhanced image; no dermal back-
flow pattern is observed.

• NE pattern, where no enhanced lymphatic image is 
observed other than at the injection sites; there is neither 
linear pattern nor dermal backflow pattern [115].

ICG lymphography can be employed for diagnosing 
lymphedema and for mapping lymphatic vessels prior to 
lympho-venous anastomosis surgery [112]. Indocyanine 
green lymphography can also be performed to obtain real- 
time fluorescent images of lymph flow to identify a chylous 
leak, allowing suture ligation, and thus repair of chylous fis-
tulas in the chest and abdomen [117, 118]. In this case, ICG 
lymphography is performed by subcutaneous ICG injection 
into nearby lymph node regions, after which the chylous leak 
can be imaged intraoperatively with a near-infrared camera 
system.
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5.1  Introduction

Patients with lower extremity lymphedema present initially 
unilateral painless swelling that starts on the dorsal aspect of 
the foot, but eventually progresses to involve also the proxi-
mal portion of the limb. The edema is initially a pitting 
edema, but over time the subcutaneous tissue becomes 
fibrotic, resulting in non-pitting brawny edema. The edema 
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Learning Objectives
• Learn how lymphedema is defined in clinical prac-

tice, and classified and staged according to the 
International Society of Lymphology (ISL) guide-
lines and the Clinical, Etiologic, Anatomic, and 
Pathophysiologic approach in Lymphology 
(CEAP-L).

• Learn the conditions to be ruled out in the differen-
tial diagnosis of lymphedema.

• Learn the main therapeutic options for patients with 
lymphedema.

• Learn how to use properly different imaging modal-
ities (such as bioimpedance spectroscopy, dual-
energy X-ray absorptiometry, ultrasonography, 
venous Doppler ultrasound, conventional lymphos-
cintigraphy, PET/CT lymphoscintigraphy, magnetic 
resonance lymphography) for the diagnosis and 
management of patients with lymphedema.

• Learn how to integrate the information deriving 
from each imaging procedure for prognostic assess-
ment and for treatment planning and evaluation.
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can then spread circumferentially if treatment is not initiated, 
involving the skin which becomes hyperkeratotic, hyperpig-
mented, and papillomatous or verrucous, with increased skin 
turgor. The Kaposi-Stemmer sign, in which the examiner is 
unable to pinch a fold of skin at the base of the second toe on 
the dorsal aspect of the foot, indicates clinical lymphedema 
[1–3]. Ultimately, the skin is at risk for ulcerating and is the 
site of subsequent infection. Swelling associated with lymph-
edema results in a sensation of heaviness, discomfort, and 
impaired mobility of the limb. Angiosarcoma may develop in 
chronic lymphedematous limbs (Stewart-Treves syndrome), 
but is most commonly seen in the upper extremity following 
mastectomy with axillary lymph node dissection [4]. This 
condition is often referred to as lymphangiosarcoma, which 
is actually a misnomer, since the tumor is not derived from 
lymphatic vessels, but is rather derived from vascular endo-
thelial cells within a condition of chronic lymphedema.

The International Society of Lymphology (ISL) has estab-
lished a staging system for defining the severity of this dis-
ease. It is thus possible to identify the progression of the 
condition and the potential for successful treatment and 
improvement. This staging system, which applies only to the 
limbs (arms and legs), is based on the degree of swelling and 
on the condition of the skin and tissues. In the latest revision 
of the document for the evaluation and management of 
peripheral lymphedema [5] a four-stage scale for classifica-
tion of a lymphedematous limb has been defined for condi-
tions with increasing severities, as follows:

5.1.1  Stage O Lymphedema: Latent  
or Preclinical Stage

At this stage the patient is at risk of developing lymphedema; 
however, no swelling or other visible evidence of impaired 
lymph drainage is present. Stage 0 can be present for months, 
or years, before more severe signs appear. If specialized 
treatment is started at this stage, it may be possible to prevent 
the development of further stages of lymphedema.

5.1.2  Stage I Lymphedema

This condition indicates an early accumulation of interstitial 
fluid that is relatively high in protein content. There is visi-
ble swelling with protein-rich lymph. The swelling can be 
temporarily reduced by elevation of the limb; however, it 
soon reappears when the limb is returned to a normal posi-
tion. The swollen tissues are soft, and pitting edema is pres-
ent. Treatment should initiate as early as these clinical signs 
are detected, since waiting for the swelling to increase, or 
for an infection to develop, only makes the condition more 

difficult to treat. Prompt treatment of this stage can often 
control the condition and may prevent it from becoming 
more severe.

5.1.3  Stage II Lymphedema

This stage denotes a further increase in swelling accompa-
nied by concomitant tissue changes. Elevation of the limb 
will not reduce the swelling, and tissues become increasingly 
firm, due to fibrosis. Pressure against the limb produces only 
a slight pitting, or no pitting at all. The tissue changes at this 
stage increase the risks of even greater swelling, fibrosis, 
infections, and skin problems. Stage II lymphedema can usu-
ally be improved with intense treatment.

5.1.4  Stage III Lymphedema

Also known as lymphostatic elephantiasis, in this condition 
the tissue becomes extremely swollen and thickened, due to 
blockage of lymph flow and buildup of fluid in tissues. The 
tissues become increasingly fibrotic. Pressure does not pro-
duce any pitting. Normal elasticity is lost, and the skin hangs 
in folds and may change color. Papillomas and hyperkerato-
sis can develop. Changes in skin texture are disfiguring and 
can limit mobility. Infections become more common because 
of increased risks of ulcerations of the skin. These infections 
include fungal infections and open wounds that form within 
the skin folds. With intense therapy, stage III lymphedema 
can be improved and potentially be prevented from becom-
ing even worse; however, it is rarely reversed to an earlier 
stage.

Within each stage, a functional severity assessment uti-
lizes simple volume differences commonly determined using 
circumferential measurement (preferentially by flexible non- 
stretch tape) assessed as follows:

• Minimal (>5–<20% increase in limb volume), alterna-
tively subdivided into
 – >5–10% as minimal
 – >10–<20% as mild

• Moderate (20–40% increase)
• Severe (>40% increase)

The above ISL stages only refer to the physical condition 
of the extremities. A more detailed and inclusive classifica-
tion must be formulated according to improved understand-
ing of the pathogenic mechanisms of lymphedema (e.g., 
nature and degree of lymphangiodysplasia, lymph flow per-
turbations, and nodal dysfunction as defined by anatomic 
features and physiologic imaging and testing), and underly-
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ing genetic disturbances, which are increasingly being elu-
cidated. Recent publications combining both physical 
(phenotypic) findings with functional lymphatic imaging as 
well as those classifications which propose inclusion of dis-
ability grading, assessment of inflammation, and even 
immunohistochemical changes determined by biopsy of 
nodes/vessels may be forecasting the future evolution of 
staging. In addition, incorporation of genotypic informa-
tion, expanded from what is available even in current screen-
ing, would further advance staging and classification of 
patients with peripheral (and other) lymphedema.

Factors such as extension, occurrence of erysipelas 
attacks, inflammation, and other descriptors or complica-
tions within their own individual severity determinations 
might also be included.

A new classification of limb lymphedema was proposed 
in 2009, inspired by the Clinical, Etiologic, Anatomic, and 
Pathophysiologic (CEAP) classification for chronic venous 
insufficiency of the lower limbs. It adopts the acronym 
CEAP by adding the letter L (Lymphatic) to underline the 
aspect “lymphedema.” This clinical classification is subdi-
vided into five classes depending on the presence of clinical 
signs such as:

• The presence of lymphedema: 5-point scale:
 – No edema
 – Edema that disappears with night rest
 – Edema that persists after night rest
 – Fibrotic edema
 – Elephantiasis with skin lesions

• Extension of lymphedema:
 – Lower limbs:

Foot, leg, thigh, genital, trunk
 – Upper limbs:

Hand, forearm, arm, shoulder
• Presence of lymphangitis and/or leg ulcers
• Loss of functionality of the limb (grade of disability)

The etiological aspect considers two types of alterations 
of the lymphatic system: congenital and acquired. 
Pathophysiological conditions are subdivided into five 
groups: agenesia or hypoplasia, hyperplasia, reflux, over-
load, and obstruction. The CEAP-L classification was cre-
ated to categorize patients with definite and objective marks 
(Table 5.1), to generate clinical reports with a common and 

clear vocabulary, to stage the disease, to evaluate treatment, 
and to obtain epidemiological and statistical data [6]. Indeed, 
these authors found the application of the classification easy 
and highly reproducible in their experience.

5.2  Differential Diagnosis

Lymphedema should be considered whenever an edematous 
extremity without pain or inflammation is observed. Chronic 
venous insufficiency can be difficult to differentiate from 
early lymphedema because both exhibit pitting edema, and 
the skin changes typical of late-stage lymphedema are not 

Table 5.1 Clinical severity score [6]

1 point for each area of the limb involved
1 point for each limb involved
2 points for other areas involved (genitals, shoulders)
1–4 points according to the stage of edema
1 point symptomatic edema
1–3 points according to the stage of disability

Key Learning Points
• In patients with lower extremity lymphedema, clin-

ical presentation progressively evolves from unilat-
eral painless swelling on the dorsal aspect of the 
foot with pitting edema to circumferential involve-
ment of the proximal portion of the limb; then to 
fibrosis of the subcutaneous tissue, non-pitting 
brawny edema, and skin changes that include 
hyperkeratosis and hyperpigmentation; and finally 
to papillomatous or verrucous skin, with increased 
skin turgor and increased risk for ulcers and subse-
quent infection.

• The Kaposi-Stemmer sign, in which the examiner is 
unable to pinch a fold of skin at the base of the sec-
ond toe on the dorsal aspect of the foot, indicates 
clinical lymphedema.

• Angiosarcoma (Stewart-Treves syndrome) may 
develop in chronic lymphedematous limbs, as com-
monly seen in the upper extremity following mas-
tectomy with axillary lymph node dissection.

• The ISL staging system applies only to the limbs 
and is based on the degree of swelling and on the 
condition of the skin and tissues. The current ver-
sion is based on a three-stage scale for classification 
(from stage 0 to stage III); within each stage, a 
functional severity assessment (from minimal to 
severe) is used to assess the volume of the affected 
limb.

• The CEAP-L classification is subdivided into 
classes depending on the presence of clinical signs, 
such as presence and extension of lymphedema, 
presence of lymphangitis and/or leg ulcers, and loss 
of functionality of the limbs.

• The CEAP-L classification enables to categorize 
patients, generate clinical reports, stage the disease, 
evaluate treatment, and obtain epidemiological and 
statistical data.
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present yet. Nevertheless, chronic venous insufficiency is 
often bilateral, rather than unilateral as is generally the case 
for lymphedema. Lymphoscintigraphy is often necessary to 
distinguish the two conditions, although such discrimination 
cannot always be made, since chronic venous insufficiency 
can actually lead to secondary lymphedema. Similarly, deep 
vein thrombosis can cause a postphlebitic syndrome, which 
can result in lipodermatosclerosis and chronic swelling of 
the limb [2, 3]. In nonfilarial regions of tropical Africa, 
Central America, and the Indian subcontinent, there is a con-
dition that clinically presents in a similar fashion as filariasis, 
called podoconiosis, or nonfilarial elephantiasis. Moreover, 
in case of unilateral extremity lymphedema, especially in 
adults, solid tumors (primary and/or metastatic), lympho-
mas, and soft-tissue sarcomas, which may obstruct or invade 
more proximal lymphatics, must be considered.

Exclusion of general medical causes of lower extremity 
swelling should be a priority. These causes include, but are 
not limited to, renal failure, protein-losing nephropathy, 
hypoalbuminemia, congestive heart failure, pulmonary 
hypertension, drug-induced edema, obesity, and pregnancy 
[7]. Other conditions to consider in the differential diagnosis 
include lipedema (also known as lipomatosis of the leg), 
“armchair legs” (descriptive term that results from sitting in 
a chair all day and night with one’s legs in a dependent posi-
tion), and postoperative swelling.

5.3  Diagnostic Characterization

In 1976, Stemmer described the inability to pinch the skin of 
the proximal phalanx of the second or third toe in patients 
with lymphedema [8]. If the examiner is unable to grab the 
dorsal skin between his/her thumb and index finger, then the 
“Stemmer sign” is positive suggesting lymphedema [9]. 
However, the thickened skin and excess subcutaneous 
 fibroadipose tissue with edema (as a consequence of inflam-
mation, adipose deposition, and fibrosis) [10–12] might pre-
vent the pinching of the dorsal skin of the extremity in 
patients with lymphedema. In contrast, other causes of swell-
ing or limb overgrowth such as venous stasis, heart disease, 
liver failure, renal insufficiency, rheumatologic disease, 
lipedema, hemihypertrophy, posttraumatic swelling, and 
vascular anomalies do not result in enough inflammatory 
fibroadipose formation to prevent the pinching of the dorsal 
skin of the hand or foot. Furthermore, abnormalities in the 
body mass index (BMI) have been found to be associated 
with both false-negative and false-positive Stemmer signs. In 
particular, patients with lymphedema and a normal or 
reduced BMI could exhibit minimal swelling and a falsely 
negative sign, whereas obese patients without lymphedema 
could have a false-positive sign. On the other hand, obesity 
per se negatively affects lymphatic function by causing 
inflammation, fibrosis, and destruction of lymphatics [13–
15]. The Stemmer sign has a sensitivity of 92% to predict 
lymphedema in patients who have the disease and a specific-
ity of 57% to exclude lymphedema in patients who do not 
have the condition. A negative Stemmer sign does not rule 
out lymphedema, typically in patients with a normal BMI 
and stage I disease [16].

Objective measurement of limb swelling can be problem-
atic. On the other hand, assessing size differences of the 
extremities and quantitative discrepancies between the unaf-
fected and the affected limbs is critical, particularly in the 
early phases of lymphedema. Estimating differences in limb 
volume has been used as an indirect measure of changes in 
lymph fluid volume over time or with treatment, and is typi-
cally done through circumferential measurements, or through 
immersion techniques based on the measurement of volume 
displacement [17]. However, these methods are time con-
suming and somewhat operator dependent. Moreover, since 
these techniques measure only the overall volume of the 
limbs, possible differences in volume caused by left-right 
dominance, asymmetrical muscle atrophy, fibrous tissue 
deposition, or weight gain may incorrectly be attributed to 
fluid accumulation [18].

Bioimpedance spectroscopy (BIS) is a noninvasive proce-
dure wherein an electrical current is passed through a body 
segment, and impedance to flow of the current is measured. 
This technique, which attempts to directly measure lymph 

Key Learning Points
• Chronic venous insufficiency is similar in presenta-

tion to early-stage lymphedema, but it is often bilat-
eral rather than unilateral.

• Deep vein thrombosis can cause a postphlebitic 
syndrome, which can result in lipodermatosclerosis 
and chronic swelling of the limb.

• In nonfilarial regions of tropical Africa, Central 
America, and the Indian subcontinent, there is a 
condition that clinically presents in a similar fash-
ion as filariasis, called podoconiosis.

• In case of unilateral limb lymphedema, especially 
in adults, solid tumors (primary and/or metastatic), 
lymphomas, and soft-tissue sarcomas must be 
considered.

• Lower extremity swelling could originate from gen-
eral medical causes such as renal failure, protein-
losing nephropathy, hypoalbuminemia, 
protein-losing enteropathy, congestive heart failure, 
pulmonary hypertension, drug-induced edema, obe-
sity, and pregnancy.

• The diagnostic differential includes also lipedema 
and “armchair leg” edema.
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fluid volume [19], is based on the principle that tissues such 
as fat and bone act as insulators, while electrolytic fluids 
conduct electricity; these features would make it possible to 
assess properties unique to lymphatic fluid, through mea-
surement of the flow of current. BIS measures lymphedema 
based on the fact that low-frequency currents selectively pass 
through extracellular fluid compartments, whereas high- 
frequency currents pass through both the intra- and the extra-
cellular fluids (the latter being selectively expanded in 
lymphedema) [20]. BIS analyzes both lymph fluid imped-
ance and total fluid impedance [21], and impedance to cur-
rent flow has been found to inversely correlate with fluid 
accumulation; therefore, reduced impedance values in an 
extremity indicate the presence of lymphedema.

Dual-energy X-ray absorptiometry (DEXA, or bi- 
photonic absorptiometry) may help classify and define a 
lymphedematous limb but its greatest potential use may be to 
assess the chemical composition of limb swelling (especially 
increased fat deposition, which by its added weight can lead 
to muscle hypertrophy) [5].

A variety of other techniques have been described to mea-
sure limb edema, but most of them have not been validated 
or are either too complex or expensive for routine use [22, 
23]. A practical difficulty in the clinical setting, even with 
validated techniques, is that extravascular fluid volume 
undergoes cyclic changes over days or weeks, and limb vol-
ume also has a pronounced circadian variation.

High-resolution cutaneous ultrasonography can be used 
to identify lymphedema, based on the presence of increased 
dermal thickness and decreased echogenicity as compared 
with lipedema and venous insufficiency [24]. In fact, in 
lymphedema loss of echogenicity of the skin and global and 
homogeneous dermal hypoechogenicity are observed, in 
contrast to the elective superficial dermis localization of 

edema described in patients with venous insufficiency [25, 
26]. These findings are caused by the accumulation of 
protein- rich exudative interstitial fluid in the skin and subcu-
taneous tissue; this fluid remains trapped at the production 
site because of its high protein content, whereas transudate 
edema caused by venous insufficiency is more mobile and 
accumulates in the superficial dermis only. However, in order 
to analyze dermal changes for identifying and quantifying 
dermal edema, the ultrasound device should operate at 
20 MHz [27]. Figure 5.1 shows the clinical and ultrasound 
appearance for patients with lymphedema and with lipedema, 
respectively.

Whenever the clinical diagnosis of lymphedema is con-
troversial, it can be either confirmed or ruled out with lym-
phoscintigraphy, which is considered the method of choice 
to evaluate the lymphatic pathways and their drainage pat-
tern [28]. Direct lymphangiography using an iodine oil con-
trast agent capable of visualizing the lymphatics [29] 
(Fig. 5.2) is no longer routinely performed, because it can 
lead to life-threatening complications and is difficult to per-
form [31].

A venous Doppler ultrasound examination is often 
required to assess for deep venous thrombosis or venous dis-
ease, which can be associated with lymphedema. In fact, 
20–30% of the patients with advanced chronic venous dis-
ease have associated lymphatic dysfunction, presumably due 
to secondary damage from overload, or from recurrent cel-
lulitis [32].

If filariasis is suspected, one can perform a blood smear 
(collected at night) looking for the presence of microfilariae. 
Antigen testing by immunochromatographic card test 
(Binax) or enzyme-linked immunosorbent assay (TropBio) 
is more sensitive than microfilaria detection, irrespective of 
the time of the day blood is drawn [33].

a b

Fig. 5.1 Clinical appearance (left panel) and ultrasound pattern (right 
panel) in patients with lymphedema (a) or with lipedema (b). Increased 
volume of both lower limbs with predominant enlargement of the left is 
evident in the patient with lymphedema; the corresponding ultrasound 
examination indicates decreased echogenicity and increased thickness 

of the dermis. In the patient with lipedema increased lower limb volume 
is similarly evident, but with more pronounced symmetry; the corre-
sponding ultrasound examination identifies normal echogenicity and 
thickness of the dermis, therefore confirming the diagnosis of lipedema 
versus lymphedema (adapted from Naouri M et al. [27])
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a

b

c

Fig. 5.2 (a) Iodine oil 
lymphogram in a patient with 
chylous ascites, affected by 
AIDS-related peritoneal 
tuberculosis. Images obtained 
during the filling phase (right 
panel) show peritoneal 
extravasation of the contrast 
material. The site of leakage 
is seen immediately to the left 
of L4 (arrow). Images 
obtained during the storage 
phase (left panel) show 
extensive leakage in the form 
of oily droplets within the 
peritoneal cavity. (b) External 
genitalia lymphedema of 
parasitic origin: images 
obtained during the filling 
phase (left panel) show filling 
of the scrotum by left-sided 
lymphatic reflux; images 
obtained during the lymph 
node phase at 24 h (right 
panel) show accumulation of 
contrast material in the 
scrotum (arrowheads). The 
lymph nodes are normal. (c) 
Edema of the left leg caused 
by aplasia of the lymphatic 
vessels. The lymphogram 
obtained immediately after 
administration of the contrast 
agent shows no lymphatic 
vessels, associated with 
perivascular extravasation. 
Lymphatic drainage of the 
contrast material occurs 
mainly along the venous 
vessel sheaths (adapted from 
Guermazi A et al [30])
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In addition to a thorough clinical history and physical 
examination, other diagnostic tests to rule out alternative 
causes of lower extremity edema include a complete meta-
bolic profile, serum albumin, and urinalysis to screen for renal 
failure, hypoalbuminemia, and/or protein-losing enteropathy.

5.4  Management of Lymphedema

As a chronic and potentially disabling condition, lymph-
edema is associated with significant morbidity in terms of 
functional, cosmetic, and emotional consequences. Treatment 
efforts aim at minimizing the associated swelling, at restor-
ing cosmesis and functionality of the limb, and at preventing 
potential complications associated with lymphedema, in par-
ticular infections such as cellulitis and lymphangitis. 
Treatments are lengthy and expensive, and involve a multi-

disciplinary approach that can include rehabilitative therapy 
(elevation, exercise, compression devices, manual lymph 
drainage), skin care, and surgery [34, 35]. Therapy of periph-
eral lymphedema can be classified into conservative or non-
operative procedures and operative procedures.

Nonoperative treatment consists of physical therapy and 
adjuvants such as combined physical therapy and intermit-
tent pneumatic pressure (or “pneumomassage”). 
Pneumomassage, thermal therapy, simple elevation (particu-
larly by bed rest) of a lymphedematous limb, low-level laser 
therapy, and aquatic therapy/water-based exercise programs 
are the most common nonoperative procedures.

Drug therapies have so far been disappointing in the man-
agement of lymphedema. Although diuretic drugs are often 
prescribed, this therapy is actually not beneficial in lymph-
edema and should be employed only in patients with specific 
comorbidities or complications. Coumarin, a benzopyrone, 
has been reported to have some favorable effect on lymph-
edema, probably due to its mechanism of action that reduces 
vascular permeability, and thus capillary filtration. In addition, 
coumarin is thought to activate macrophage activity, which 
increases protein degradation, thus resulting in a reduction in 
fibrotic tissue. However, the clinical trials reported so far are 
generally of poor quality and long-term results of treatment of 
lymphedema with these agents are not available. Furthermore, 
some reports of hepatotoxicity have raised serious concern on 
their use [36]. Antibiotics should be administered for superim-
posed acute lymph stasis-related inflammations (cellulitis/
lymphangitis or erysipelas) [5]. In case of lymphatic filariasis 
to eliminate microfilariae from the bloodstream, diethylcar-
bamazine, albendazole, or ivermectin is recommended [5]. 
Efficacy of boosting immunity by intra-arterial injection of 
autologous lymphocytes is unclear and requires independent, 
reproducible validation. Recent proposals for the use of anti-
inflammatory drugs have not yet demonstrated efficacy and 
may face drawbacks if administered in the long term [5].

No special diet or restricted fluid intake has proved to be 
of therapeutic value for most uncomplicated peripheral 
lymphedemas. In breast cancer-related lymphedema and in 
obese patients, weight reduction has been shown to help. In 
chylous reflux syndromes a diet as low as possible or even 
free of long-chain triglycerides (absorbed via intestinal lac-
teals) and high in short- and medium-chain triglycerides is of 
benefit especially in children. Specific vitamin supplements 
may be needed in very low or no-fat diets. Some groups sug-
gest diets with substances that may lower inflammation, but 
current clinical evidence is not sufficiently validated [5].

In complicated patients with lymphatic system over-
growth such as lymphangiodysplasia, specialized centers uti-
lize pharmacotherapeutic options such as octreotide, 
OK-432, rapamycin, or other antiproliferative agents, in par-
ticular in newborns and children [5].

Surgical procedures aim to alleviate peripheral lymph-
edema by enhancing lymph return. When performed in 

Key Learning Points
• The Stemmer sign has 92% sensitivity to predict 

lymphedema in patients who have the disease and 
57% specificity to exclude lymphedema in patients 
without lymphedema.

• The body mass index (BMI) is associated with both 
false-negative and false-positive Stemmer signs, as 
a high BMI can lead to a false-positive while a low 
BMI can lead to a false-negative Stemmer sign.

• Circumferential measurements, or immersion tech-
niques based on displacement, can be used to mea-
sure the limb volume.

• Reduced impedance values in an extremity are cor-
related with lymphedema.

• DEXA may be used to assess the chemical compo-
sition of limb swelling, especially increased fat 
deposition and muscle hypertrophy.

• Ultrasonography can rule out lipedema and venous 
insufficiency. In lymphedema a loss of echogenicity 
of the skin and a global and homogeneous dermal 
hypoechogenicity are observed, in contrast to the 
elective superficial dermis localization of edema 
described in venous insufficiency.

• A venous Doppler ultrasound examination is often 
needed to assess for deep venous thrombosis or 
venous disease, which can be associated with 
lymphedema.

• A blood smear or an antigen test can be performed 
to rule out filariasis.

• A complete metabolic profile, serum albumin, and 
urinalysis to screen for renal failure, hypoalbumin-
emia, and/or protein-losing enteropathy may be 
necessary for a complete differential diagnosis of 
lymphedema.
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advanced stages, surgery usually requires long-term com-
bined physical therapy and/or other “pneumomassage” after 
the procedure to maintain edema reduction and ensure vas-
cular/shunt patency.

Worldwide, surgical resection (in several forms) is the 
most widely used operative technique to reduce the bulk of 
lymphedema, in particularly in cases affecting the genitalia. 
Microsurgical procedures include (1) derivative methods 
such as lympho-venous anastomoses and (2) multiple 
lymphatic- venous anastomoses in a single surgical site with 
both the superficial and deep lymphatics. By these proce-
dures a positive pressure gradient (lymphatic-venous) is cre-
ated, thus evading the phenomenon of gravitational reflux 
without interrupting the distal peripheral superficial lym-
phatic pathways. Reconstructive methods are sophisticated 
techniques involving the use of a lymphatic collector (LLA) 
or an interposition vein segment (LVLA) to restore lym-
phatic continuity in lymphedema conditions due to a locally 
interrupted lymphatic system. Autologous lymph vessel 
transplantation mimics the normal physiology and has shown 
long-term patencies of more than 10 years. This procedure 
has generally been reserved to patients with unilateral 
peripheral lymphedema of the leg (due to the need for one 
healthy leg to harvest the graft), but it has also been utilized 
for bilateral upper extremity lymphedema where two healthy 
legs are available for harvesting lymphatic vessels [5].

Transplantation of superficial lymph nodes from an unin-
volved area together with its vascular supply (vascularized 
lymph node transplantation) to the site of lymphadenectomy 
for cancer has been proposed both as a preventive and thera-
peutic approach to limb lymphedema. Liposuction (or 
suction- assisted lipectomy) using a variety of methods has 
been shown to completely reduce non-pitting, primarily non- 
fibrotic, extremity lymphedema due to excess fat deposition 
that has not responded to nonoperative therapy in both pri-
mary and secondary lymphedemas [5]. Surgical resection by 
“debulking” of excess skin and subcutaneous tissue of the 
lymphedematous limb can be associated with complications 
such as superficial lymphatic removal, significant scarring, 
risk of infection, and difficult wound healing. Debulking has 
been used mainly in the treatment of the most severe forms 
of fibrosclerotic lymphedema (elephantiasis) and in cases of 
advanced genital lymphedema. Caution should be exercised 
in removing enlarged lymph nodes or soft-tissue masses 
(e.g., lymphangiomas) in the affected extremity, as lymph-
edema may worsen thereafter [5].

The implantation of engineering/lymphatic tubes to trans-
port lymph or engineered tubes/devices to promote new sub-
stitute lymphatic growth have not yet documented long-term 
value in large-scale studies, and these techniques are cur-
rently under controlled clinical investigation [5].

Omental transposition, enteromesenteric bridge opera-
tions, and implantation of threads to promote perilymphatic 
spaces (substitute lymphatics) have not shown long-term 
value and at the moment should not be considered as valid 
surgical options [5].

Key Learning Points
• Lymphedema is associated with significant morbid-

ity including functional, cosmetic, and emotional 
consequences.

• Therapy is based on a multidisciplinary approach 
including rehabilitative therapy, skin care, and 
surgery.

• Nonoperative treatments consist of physical therapy 
and adjuvants.

• Medical treatments (diuretics, coumarin), diet, or 
restricted fluid intake is of limited value in patients 
with peripheral lymphedema.

• Surgical procedures aim to alleviate peripheral 
lymphedema by enhancing lymph return.

• Surgery usually requires long-term combined phys-
ical therapy and/or other “pneumomassage” treat-
ments after the procedure.

• Surgical resection (in several forms) is the most 
widely used operative technique to reduce the bulk 
of lymphedema.

• Microsurgical procedures include (1) derivative 
methods such as lymphatic-venous anastomoses 
and (2) multiple lymphatic-venous anastomoses in 
a single surgical site with both the superficial and 
deep lymphatics.

• Sophisticated reconstructive techniques involve the 
use of a lymphatic collector or an interposition vein 
segment to restore lymphatic continuity.

• Liposuction has been shown to completely reduce 
non-pitting, primarily non-fibrotic, in patients with 
extremity lymphedema.

• Debulking has been used mainly in the treatment of 
the most severe forms of fibrosclerotic lymphedema 
(elephantiasis) and in cases of advanced genital 
lymphedema.

• The implantation of engineering/lymphatic tubes to 
transport lymph or engineered tubes/devices is cur-
rently under clinical investigation.

• Omental transposition, enteromesenteric bridge 
operations, and implantation of threads to promote 
perilymphatic spaces have not shown long-term 
value and at the moment should not be considered 
as valid surgical options.
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5.5  Lymphoscintigraphy 
in the Management of Lymphedema

Qualitative and quantitative lymphoscintigraphy has been 
widely used for the differential diagnosis of lymphedema, 
for predicting the risk to develop lymphedema as well as 
for assessing the efficacy of physical and/or surgical 
treatments.

5.5.1  Lymphoscintigraphy for the Differential 
Diagnosis of Lymphedema

Lymphoscintigraphy has proved extremely useful for 
depicting the specific lymphatic abnormality and it has 
largely replaced conventional oil contrast lymphography 
for visualizing the lymphatic network. Although different 
protocols can be used (different radiotracers and adminis-
tered activities, different injection volumes, intracutaneous 
versus subcutaneous or subfascial injections, one or more 
injections, different protocols of passive and active physi-
cal activity, varying imaging times, static and/or dynamic 
techniques—as discussed in detail in Chap. 4), the images, 
which can be easily repeated, offer remarkable insight into 
lymphatic structural abnormalities and (dys)function. 
Lymphoscintigraphy provides a functional assessment of 
lymphatic pumping, stasis, and obstruction that guides 
treatment and determines prognosis for expected outcome 
of treatment [37–40]. Lymphoscintigraphy is also employed 
to define the clinical characteristics, investigations, man-
agement, and outcomes of lymphedema in pediatric patients 
[41]. Purely qualitative analysis has been reported to be 
very accurate for confirming or excluding the diagnosis of 
lymphedema, with sensitivity as high as 92–96% and speci-
ficity as high as 100% [42]. Nevertheless, etiology of 
lymphedema is not invariably identified solely on the basis 
of lymphoscintigraphic images. In fact, despite the fact that 
patients with primary lymphedema tend to show a lack of 
lymphatic vessels and absent or delayed transport whereas 
those with secondary lymphedema tend to show obstruc-
tion with visualization of discrete lymphatic trunks and 
slow transport [43], primary lymphedema cannot be reli-
ably differentiated from secondary lymphedema on the 
basis of lymphoscintigraphic findings alone [44].

For the lower limbs, a high positive association of popli-
teal lymph node uptake with the severity of lymphatic 
obstruction defined as appearance of dermal back flow was 
found in patients with both primary and secondary lymph-
edema [45, 46]. The duration of lymphedema was also lon-
ger in patients with dermal backflow and popliteal lymph 
nodes visualized during lymphoscintigraphy; both popliteal 

lymph node uptake and dermal backflow were important 
signs indicating longer disease duration and higher severity 
of lymphatic dysfunction [46]. In addition, a strong associa-
tion between skin rerouting and popliteal lymph node visual-
ization has been found; in particular, skin changes were 
detected in 38% of the patients with positive popliteal node 
uptake [45].

A recent study showed that transit time and dermal back-
flow at lymphoscintigraphy (found in about 97% of extremi-
ties by 45 min postinjection) did not predict clinical severity 
when adjusted for other clinical variables [47]. A subgroup 
analysis of a large study showed that false-negative lympho-
scintigraphy occurs most likely in primary lymphedema with 
long duration of disease and infection history similar to 
patients with true-positive lymphoscintigraphy. However, 
repeated lymphoscintigraphies over time during follow-up 
showed appearance of lymphatic dysfunction consistent with 
lymphedema. Therefore, the results of this study suggest that 
patients with a high clinical suspicion of lymphedema and a 
normal lymphoscintigram are better treated conservatively, 
and that lymphoscintigraphy should be repeated in these 
cases [48].

Key Learning Points
• Qualitative and quantitative lymphoscintigraphy 

has been widely used for the differential diagnosis 
of lymphedema, for predicting the risk to develop 
lymphedema as well as for assessing the efficacy 
treatments, as it provides a functional assessment of 
lymphatic pumping, stasis, and obstruction in adults 
as well as in pediatric patients.

• Qualitative analysis of lymphoscintigraphy has 
92–96% sensitivity and specificity close to 100% 
for the diagnosis of lymphedema.

• Primary lymphedema cannot be reliably differenti-
ated from secondary lymphedema on the basis of 
lymphoscintigraphic examination alone.

• For the lower limbs, a high positive association of 
popliteal lymph node uptake with the dermal back 
flow was found in patients with both primary and 
secondary lymphedema.

• The duration of lymphedema is longer in patients 
with dermal back flow and popliteal lymph nodes 
visualized during lymphoscintigraphy.

• Patient with a high clinical suspicion of lymph-
edema and a normal lymphoscintigram are better 
treated conservatively; lymphoscintigraphy should 
be repeated in these cases to show the underlying 
lymphatic dysfunction.
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5.5.1.1  Lymphoscintigraphy in Lipedema
In a recent study [49] in a prospective cohort study of women 
meeting the clinical criteria of lipedema, lymphoscintigra-
phy showed abnormal patterns in 47% of the patients, with 
no significant differences between the severity of lymphos-
cintigraphic abnormalities and clinical stage of lipedema. In 
addition, lymphoscintigraphic findings showed that patients 
with lipedema also presented impaired lymphatic transport 
assessed as transport index (TI) abnormalities. In addition, 
more severe lipedema may be associated with greater lym-
phatic transport abnormalities, with the mean TI being sig-
nificantly greater for extremities with severe (stage 3/4) 
lipedema than those with mild or moderate (stage 1/2) 
lipedema (15.1 versus 9.7, P = 0.049). Mean difference in TI 
scores between each lower extremity for individual patients 
was 6.43 (±7.96 standard deviation) [50].

5.5.1.2  Lymphoscintigraphy for Predicting 
the Risk to Develop Lymphedema

Lymphoscintigraphy can be used to predict the risk to 
develop lymphedema. In fact, in patients undergoing sur-
gery for breast cancer, abnormalities of lymphatic drainage 
in postsurgical lymphoscintigraphy increases the risk of 
developing arm lymphedema [51–53]. It has also been 
shown that upper extremity lymphatic drainage after axil-
lary lymph node dissection is not impaired in terms of lym-
phatic transport and/or venous function impairment after 
the axillary lymph node dissection procedure in compari-
son to the preoperative status. Qualitative analysis of lym-
phoscintigrams revealed most commonly disappearance of 
previously functioning lymph nodes and appearance of der-
mal backflow in subjects who developed lymphedema 
thereafter. Conversely, appearance of functioning lymph 
nodes in different locations after axillary lymph node dis-
section may indicate protection from development of upper 
extremity lymphedema [54]. In the postoperative period 
after breast surgery, a significant worsening of the degree of 
lymph node uptake and the velocity of lymph node visual-
ization in the absence of dermal backflow and collateral 
circulation was observed, independently of postoperative 
complications or clinical characteristics [55]. On the con-
trary, the maximum lymphatic-pump pressure in the women 
who later developed breast cancer- related lymphedema was 

1.7-fold higher than in those who did not develop lymph-
edema. Moreover, the rate of lymph tracer transport into the 
forearm was 2.2-fold greater in the women who later devel-
oped lymphedema [56]. Quantitative lymphoscintigraphy 
performed between 4 and 8 weeks after surgery to evaluate 
the lymphatic system in the early postoperative period, to 
be correlated with clinical results at the 1-year follow-up, 
revealed that the ratio of radiocolloid uptake rate of the 
affected to normal axilla and the ratio of radioactivity of the 
affected to normal axilla were significantly lower in the 
lymphedema group than in the non- lymphedema group. 
After adjusting the model for all significant variables (body 
mass index, N-stage, T-stage, type of surgery, and type of 
lymph node surgery), the ratio of radioactivity of the 
affected to normal axilla was associated with lymphedema 
(odds ratio  =  0.14; 95% confidence interval, 0.04–0.46; 
P  =  0.001) [57]. Similarly, functional lymphatic changes 
detected by lymphoscintigraphy after external beam radia-
tion therapy can predict the development of arm lymph-
edema. Recently, lymphoscintigraphy including SPECT/
CT of the axillary region has been employed to evaluate the 
impact of including, as target volumes in the radiation 
treatment plan, lymph nodes involved in arm drainage that 
could affect lymphedema [53]. This study demonstrated 
that radiation doses to these lymph nodes vary between 
zero and the full prescribed dose, therefore possibly affect-
ing the development of lymphedema.

In patients with gynecological cancer-related lymph-
edema the prognostic assessment of qualitative lymphoscin-
tigraphy before complex decompressive therapy showed that 
severity of dermal back flow, clinical stage, and therapy 
compliance are independent predictors of therapeutic 
response [58].

In patients undergoing surgery for melanoma of the trunk, 
primary prevention with microsurgical lympho-venous anas-
tomosis prevented lymphedema after inguinal lymphadenec-
tomy. In addition, lymphatic-venous multiple anastomoses 
proved to be successful for treating clinical lymphedema, 
particularly at the early stages [59]. Similar results have also 
been reported for patients with breast cancer [60, 61]. In 
addition, when lymphoscintigraphies performed in patients 
who underwent lymph node dissection (limited to the intra- 
abdominal lymph nodes) with or without radiotherapy for 
histologically confirmed ovarian, uterine, or prostate cancer 
were compared to lymphoscintigraphies obtained in patients 
with primary lower limb lymphedema, the appearance of 
lower limb lymphedema does not appear to be related to can-
cer treatment(s), but rather lower limb lymphedema may rep-
resent the development of a primary lymphatic disease that 
was latent prior to surgery [62].

The lack of visualization of inguinal lymph nodes pre-
dicted late postoperative leg edema also in patients with tib-
ial fractures treated surgically [63].

Key Learning Points
• Approximately 47% of patients with clinical 

lipedema have lymphoscintigraphic abnormalities 
indicating impaired lymphatic drainage.

• More severe lipedema may be associated with 
greater abnormalities in lymphatic transport.
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5.5.1.3  Lymphoscintigraphy for Assessing 
the Efficacy of Physical and/or Surgical 
Treatments

Lymphoscintigraphy has been used in the assessment of 
interventional approaches in patients with lymphedema, 
including manual lymphatic massage [64–69], pneumatic 
compression [70–72], hyperthermia [73], pharmacologic 
therapies [74, 75], and surgery (both microsurgery [76–79] 
and vascularized lymph node transplantation [80]).

In women undergoing therapy for postmastectomy 
lymphedema, the degree of lymphatic function impairment 
prior to the treatment as assessed by lymphoscintigraphy 
correlates inversely with the outcome of manual lymphatic 
therapy [37]. Similarly, in patients with clinical stage I uni-
lateral extremity lymphedema, lymphoscintigraphy can pre-
dict long-term response to multi-approach physical therapy. 
In this regard, the visualization of a main lymphatic vessel 
without collateral lymphatic vessels was the best predictor 
for a favorable response [81], as also was persisting lymph 
node visualization 4 h after radiocolloid administration [82].

In a recent study, the extent of dermal backflow (small 
extent/large extent), the level of lymphatic flow (trunk flow 
pattern/upper arm-restricted pattern/forearm-restricted pat-
tern groups), and the visualization of lymph nodes (visual-
ized/non-visualized) at lymphoscintigraphy were correlated 
with the change in the circumferential difference between 
the two sides of the body, the upper arm and forearm, with 

the clinical outcome being variable in patients undergoing 
nonsurgical treatment. Upper arm edema was more signifi-
cantly reduced after sympathetic ganglion block rather than 
after complex decongestive therapy in the small extent 
group, the forearm-restricted pattern group, and the non-
visualized group. In the other groups, sympathetic ganglion 
block and complex decongestive therapy showed compara-
ble therapeutic effects without statistical differences [83]. 
Lymphatic regeneration following both free-tissue [84] and 
lymphatic vessel transplantation [85] has also been assessed 
with lymphoscintigraphy. Additionally, lymphoscinti-
graphic classification of patients with secondary lymph-
edema correlates closely with the clinical stage scale and 
with findings at intraoperative examination during lym-
phatico-venous anastomosis [86]. In unilateral lymph-
edema, lymphoscintigraphic abnormalities of the 
contralateral limb may also be demonstrated in about 32% 
of patients [87]. The changes in clinical symptoms and the 
postoperative lymphoscintigraphic changes did not always 
correspond. However, there was a trend for the percentage 
of lymphoscintigraphic deterioration to be greater in the 
group with clinical deterioration [88].

An improvement of the transport index, well correlated 
with arm’s volume reduction, was observed during long- 
term follow-up of patients with lymphedema treated with 
autologous lymph vessel transplantation, confirming that 
this procedure indeed improves lymph drainage [89, 90]. 
Similarly, postoperative lymphoscintigraphy showed 
improved lymphatic drainage in all cases of lymphedema 
submitted to a combined double-gastroepiploic vascularized 
lymph node transfer and a modified radical reduction with 
preservation of perforator vessels [80, 91].

The indications for lymphoscintigraphy can schemati-
cally be summarized as follows:

• Differential diagnosis of edema to distinguish venous 
from lymphatic etiology

• Assessment of pathways of lymphatic drainage
• Quantitation of lymph flow
• Identification of patients at high risk of developing lymph-

edema following axillary lymph node dissection
• Evaluation of the efficacy therapeutic interventions for 

lymphedema

Lymphoscintigraphy with 99mTc-sulfur colloid has 
recently been compared to the diagnostic performance of a 
new technique, PET/CT after interstitial injection of 
68Ga-labeled NOTA Blue Evans (68Ga-NEB) [92]. This study 
showed that 68Ga-NEB activity could be clearly observed in 
the lymphatic route on the PET/CT images from all the 
patients, showing consistent results in 8/13 cases; diagnostic 
images of 68Ga-NEB PET/CT were obtained much faster 
than the conventional lymphoscintigraphic images. In the 

Key Learning Points
• In patients undergoing surgery for breast cancer, 

lymphoscintigraphy shows disappearance of previ-
ously functional lymph nodes and appearance of 
dermal backflow in subjects who developed lymph-
edema, while appearance of functional lymph nodes 
in different locations after surgery indicates protec-
tion from the development of upper extremity 
lymphedema.

• Quantitative lymphoscintigraphy shows that the 
ratio of radioactivity of the affected to normal axilla 
is significantly lower in the lymphedema patients.

• Severity of dermal back flow, clinical stage, and 
therapy compliance are independent predictors of 
therapeutic response in patients with gynecological 
cancer-related lymphedema before complex decon-
gestive therapy.

• In patients submitted to intra-abdominal lymph 
node dissection for histologically confirmed cancer, 
the appearance of lower limb lymphedema seems to 
be correlated with the development of a primary 
lymphatic disease that was latent prior to the thera-
peutic interventions.
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remaining five cases, 68Ga-NEB PET/CT provided additional 
information in five patients (38.5% of the whole group under 
study). In particular, one patient had chyloperitoneum, two 
had chylothorax, and one had postsurgical limp swelling; 
99mTc-sulfur colloid lymphoscintigraphy was unable to local-
ize the site of chyle leak, whereas 68Ga-NEB PET/CT suc-
cessfully identified the leak (Figs.  5.3, 5.4, and 5.5). In 
addition, in a young woman who had cystic lesions and pleu-
ral effusion, the site of chest abnormality was visualized on 
68Ga-NEB PET/CT but not on 99mTc-sulfur colloid lymphos-
cintigraphy (Fig. 5.6). Therefore, this study suggests the fea-
sibility of using of 68Ga-NEB PET/CT as an alternative to 
conventional lymphoscintigraphy in the evaluation of lym-
phatic disorders.

a

b

c d

e

f

Fig. 5.3 A 17-year-old man (patient 4) with abdominal discomfort for 
more than 6 months. Chylous ascites was suspected, and nuclear medi-
cine was consulted. 99mTc-sulfur colloid anterior image of the abdomen 
acquired 60  min after injection (a) was unremarkable. The image 
acquired 6 h after injection (b), however, revealed diffuse, mild radio-
activity on the right side of the lower abdomen (arrow). In the 68Ga-NEB 
MIP image (c) acquired 5 min after tracer injection, clear linear activity 

(arrow) could be seen in the right abdomen. In transaxial PET (d), 
fusion (e), and CT (f) images, this activity (arrows) was located in the 
immediate anterolateral border of the right psoas muscle, indicating the 
site of the chyle leak. Intense activity in the inguinal, iliac, and paraspi-
nal lymph nodes and thoracic duct was also better appreciated in 
68Ga-NEB PET/CT images (adapted from Zhang W et al. [92])

Key Learning Points
• Lymphoscintigraphy has been used to assess inter-

ventional approaches in patients with lymphedema, 
including manual lymphatic massage, pneumatic 
compression, hyperthermia, pharmacologic thera-
pies, and surgery, both microsurgery and vascular-
ized lymph node transplantation.

• In women undergoing therapy for postmastectomy 
lymphedema, the degree of lymphatic function 
impairment prior to the treatment as assessed by 
lymphoscintigraphy correlates inversely with the 
outcome of manual lymphatic therapy.
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Fig. 5.4 A 43-year-old man with right-side persistent pleural effusion 
(patient 3). The patient had a remote history of motor vehicle accident. 
Laboratory examination of the fluid after thoracocentesis demonstrated 
chylothorax. 99mTc-sulfur colloid scintigraphy (a) revealed diffuse, mild 
activity in the right chest, consistent with the clinical findings of right 
chylothorax. However, the potential site of the chyle leak could not be 
identified. In comparison, 68Ga-NEB PET/CT (b: MIP; c: coronal 

fusion; d: axial fusion; e: sagittal fusion) not only showed activity in the 
right-chest pleural effusion (small arrows), but also clearly revealed an 
additional vertically linear intense activity (large arrow) centered in the 
dilated thoracic duct and cisterna chyli with mild activity surrounding 
(arrowheads), consistent with the site of the leak (adapted from Zhang 
W et al. [92])

• In patients with clinical stage I unilateral extremity 
lymphedema the visualization of a main lymphatic 
vessel without collateral lymphatic vessels at lym-
phoscintigraphy is the best predictor of long-term 
response to multi-approach physical therapy.

• 68Ga-NEB PET/CT provides more information than 
lymphoscintigraphy with 99mTc-sulfur colloid, is 
faster than conventional lymphoscintigraphy, and is 
able to localize the site of the leak especially inside 
the thorax and abdomen.
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5.6  X-Ray Computed Tomography 
and Magnetic Resonance Imaging

X-ray computed tomography (CT) scanning or magnetic 
resonance imaging (MRI) of the lower extremities can detect 
in patients with lymphedema a “honeycomb” pattern of the 
subcutaneous tissue that is not characteristic of other types of 
edema. CT and MRI have been used to describe the morpho-
logic changes due to the subcutaneous lipomatous hypertro-
phy [93–96].

CT-lymphography (CT-LG) was performed in patients 
with upper limb lymphedema [97]. Three-dimensional 
observation of deeper tissues at CT-LG has been used to help 

elucidating the mechanism of dermal backflow. According to 
the data obtained by Yamada et al. [98], lymphatic vessels 
that branch from collecting lymphatic vessels toward the 
dermis have an inner diameter wide enough to be confirmed 
with CT (Fig. 5.7). This was likely the observation of lymph 
flowing back to new or existing abnormal lymphatic vessels 
as it moves toward the dermis. From there, lymph flows back 
through capillary lymphatic vessels, leading to its storage in 
interstitial spaces (Fig. 5.8). It is unclear why such a phe-
nomenon occurs there, but due to upstream blockage or 
increased internal pressure of lymphatic vessels, lymph 
appears to flow back from deeper areas to shallower areas, as 
if to escape [98].

Fig. 5.5 Anterior 99mTc-sulfur colloid (SC) images were acquired at 
2  h (a) and 6  h (b) after subcutaneous tracer injection between the 
thumb and index finger of the hands in a 44-year-old woman (patient 1) 
who had left-chest swelling and was status post-left mastectomy for 
breast cancer. The images revealed axillary lymph nodes bilaterally and 
minimally more tracer activity in the left chest without evidence of the 

site of the leak. In comparison, the transaxial images (c: fusion; d: CT) 
of the 68Ga-NEB PET/CT acquired at 30  min after injection demon-
strated a focal activity (arrow) underneath the left pectoralis major 
muscle, at the level of the left anterior fourth rib, indicating the site of 
the chyle leak (adapted from Zhang W et al. [92])
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High-resolution magnetic resonance lymphangiography 
(MRL) following interstitial, intracutaneous injection of an 
extracellular, paramagnetic contrast agent has recently been 
proposed for identifying abnormal lymphatic pathways [99–
101]. This technique, that has proved to be technically fea-
sible in patients with primary or secondary lymphedema [63, 

102, 103], visualizes the lymphatic vessels in a limb with 
lymph flow disturbances, but not the lymphatic vessels of a 
healthy limb. This is most probably due to the faster lymph 
flow speed in the healthy limb. Therefore, lymph circulation 
disorders should be suspected when contrast-enhanced lym-
phatic vessels are visualized with this test. Migration of the 

a b c d e

1.5 h SC 24 h SC 20 m NEB mediastinal window lung window

Fig. 5.6 A 25-year-old woman presented with shortness of breath for 
3 months (patient 11). A diagnostic CT (images not shown) revealed 
many cystic structures in the chest, abdomen, and pelvis. In addition, 
bilateral pleural effusion was noted, which was subsequently shown as 
chylothorax. For this reason, lymphoscintigraphy was performed. The 
99mTc-sulfur colloid (SC) images at 1.5 h (a) and 24 h (b) after injection 
in the feet both showed that the tracer reached abdomen/pelvis without 

much chest activity. However, in 68Ga-NEB MIP PET image (c) 
acquired 20 min after tracer injection, there was clear, intense vertical 
activity (large arrow) in the thorax. In transaxial images (d: mediastinal 
window; e: lung window), the vertical activity was in an enlarged tho-
racic duct (large arrows). The chyle leak (small arrows) from the tho-
racic duct to the left chest was also noted. There were also many small 
cysts in both lungs (e) (adapted from Zhang W et al. [92])

0.9 mm
1.2 mm

0.7 mm

Fig. 5.7 Three-dimensional 
imaging of lymphatic system. 
In the images (left: 3D 
reconstructed image, right: 
1-mm-slice image), lymphatic 
vessels were clearly identified 
with higher contrast than 
surrounding tissues, and the 
diameters were measured 
(adapted from Yamada K et al. 
[98])
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contrast agent by the draining lymphatic system to regional 
lymph nodes also allows real-time observation of the trans-
port function of the lymphatic system and of the lymph 
nodes within a reasonable length of time. Furthermore, the 
specificity of absorption and transport of the contrast agent 
by the lymphatic system permits to visualize detailed mor-
phologic changes of the lymphatic vessels and of the regional 

lymph nodes. Finally, quantitative assessment of abnormal 
lymph flow kinetics may be achieved by tracing the flow 
within the lymphatic vessels and comparing dynamic nodal 
enhancement and time-signal intensity curves between 
edematous and contralateral limbs. Figures 5.9 and 5.10, and 
5.11 depict different MRL patterns in patients with lymph-
edema. However, it should be noted that MRL is still in an 
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Fig. 5.8 Detailed analysis of 
dermal backflow (DB) sites 
with CT-LG. Slice images (a, 
1–4 from top to bottom) show 
some collecting lymphatic 
vessels (arrow) branching 
upward and medially toward 
the dermis (arrowhead), 
transitioning to the DB. In the 
representative high-contrast 
3D image (b), lymphatic 
vessels were hidden under DB 
and could not be observed, 
but in the representative 
lower-contrast 3D image  
(c, where horizontal lines 
indicate the level of transaxial 
sections shown in ((a), 
lymphatic vessels that were 
previously hidden under the 
DB could now be recognized. 
Panel (d)  is a schematic 
representation of DB: C 
Collector, SLV, small 
lymphatic vessel; D, dermis; 
SF, superficial fat layer; DF, 
deep fat layer; DB (blue area 
in the dermis), dermal 
backflow. (Adapted from 
Yamada K et al. [98])
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experimental validation phase, since the extravascular intra-
cutaneous injection of contrast agents is an off-label use of 
such compounds. Side effects such as moderate necrosis, 
hemorrhage, and edema have been described. Furthermore, 
incorrect interstitial injection of the contrast agent may lead 
to severe venous contamination.

The first correlations between lymphoscintigraphic pat-
tern as evaluated with 99mTc-nanocolloid (injected subcuta-
neously at the interdigital web) and MRL findings (3 Tesla 
system, gadopentetate dimeglumine, and mepivacaine 
injected intracutaneously in the first three interdigital spaces 

a

b

Fig. 5.9 Coronal (a) and axial heavily (b) T2-weighted 3D-TSE source 
images obtained in a patient with bilateral lipo-lymphedema of the 
lower extremities. The images show an increased layer of subcutaneous 
fat at the lower legs (upper panel, long arrows), subcutaneous regions of 
lymphedema (upper panel, short arrows), and severely enlarged layer of 
subcutaneous fat up to a diameter of 7.5 cm at the upper portion of both 
legs (lower panel, long arrows). Additionally, small areas of epifascial 
lymphedema are seen (short arrows in b) (adapted from Lohrmann C 
et al. [101])

Fig. 5.10 Frontal 3D spoiled gradient-echo MRL MIP image obtained 
45 min after gadoteridol injection in a patient with bilateral lipedema, 
showing clearly enlarged lymphatic vessels that have a typical bead- 
like appearance up to a diameter of 2 mm at the level of the right lower 
leg (large arrows), indicating a subclinical status of lipo-lymphedema. 
High uptake of contrast material is evident in the lymphatic vessels at 
the right lower leg as well as in a vein (small arrow) (adapted from 
Lohrmann C et al. [101])

of the forefoot) demonstrated clear concordance between the 
results of the two techniques, lymphoscintigraphy visualiz-
ing better the inguinal lymph nodes, and MR depicting the 
lymph vessels and morphology of lymph vessel abnormali-
ties [30]. Figures 5.12 and 5.13 represent two examples of 
comparison between the two techniques in the same patient.

Further studies in upper extremity lymphedema [104] 
where MRL was performed before and after injection of a 
contrast agent by using a coronal T1-weighted 3D gradient- 
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echo sequence with spectral fat saturation demonstrated 
higher spatial resolution and better depiction of lymph ves-
sels with MRL than with lymphoscintigraphy. When MRL 
and lymphoscintigraphy are reported using a semiquantita-
tive classification according to five patterns of lymphatic 
abnormalities (delay of drainage, drainage pattern, enhance-
ment of lymph nodes, depiction of lymph vessels, anatomic 
levels), MRL lymphangiography showed sensitivities of 
100% for all four categories, while lymphoscintigraphy 
yielded a sensitivity of 83.3% for delineation of lymph ves-
sels and 100% for the other three categories. Specificity of 
MR lymphangiography was 85.7% for delay of drainage and 
100% for other three categories, while lymphoscintigraphy 
showed specificity of 66.7% for pattern of lymphatic drain-
age and 100% for other three categories. Delay and pattern 
of drainage were the same in 83.3% and non-visualization of 
axillary LNs was indistinguishably noted in all patients on 

both techniques. Anatomic level of enhanced lymph vessel 
was identical in 66.7% of the patients (Figs. 5.14 and 5.15). 
MR lymphangiography showed better performance for 
depiction of abnormal lymph vessels. MR lymphangiogra-
phy and lymphoscintigraphy yielded similar results in all or 
most patients for evaluation of axillary lymph node enhance-
ment and lymphatic drainage in upper extremity.

In another study [105], contrast-enhanced MRL was 
applied to the evaluation of the lower limb, providing supe-
rior anatomical and functional information, with high spatial 
resolution, in comparison to various techniques used in the 
diagnosis of lower limb lymphedema (i.e., lymphoscintigra-
phy, direct lymphography, unenhanced MR), and allowing 
more accurate diagnosis and classification of patients suffer-
ing from lymphoedema.

Another application of contrast-enhanced MRL is in the 
diagnosis of occult chylous leak after thoracic duct emboli-

Fig. 5.11 Three-dimensional contrast MR lymphangiographies dis-
playing various patterns of lymphatic drainage. (a) Increased skin lym-
phatic and dermal backflow in the medial and lateral region of lower leg 
(arrow), and dilated collectors in the upper part of leg (arrowhead). (b) 
Radially arranged dilated vessels in the lower leg of a patient with pri-
mary lymphedema. (c) Enhanced lymphatic vessels (arrowheads) dis-
tributed as a slender network over the lower extremity. (d) Bunches of 

extremely dilated and significantly enhanced lymphatic vessels (arrow-
heads) located in the medial and lateral portion of the thigh. (e) Single 
enhanced and dilated lymphatic vessel in a patient with primary lymph-
edema (arrowheads) with irregular outline in the leg. (f) Intensely 
enhanced dilated lymph vessel (arrowheads) with clear outline in the 
thigh (adapted from Liu NF et al. [102])

a b c
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zation. In a case report [106] the direct contrast-enhanced 
MRL allowed the diagnosis of an occult chylous fluid leak 
from the right retroperitoneum into the right pleural space, 
after failure of both conventional lymphangiography and 
prophylactic TDE.

MRL has also been performed in combination with 
68Ga-NEB PET or as part of a PET/MR examination for 
visualizing morphologic and functional characteristics of 
lymphatic vessels, evaluating lymphedema, and guiding 
surgical intervention. Preoperative 68Ga-NEB PET com-
bined with MRL has been shown providing advantageous 
3D images, higher temporal resolution, shorter time lapse 
before image acquisition after tracer injection, and more 
accurate pathological lymphatic vessel distribution with 
respect to traditional techniques (i.e., lymphoscintigra-
phy). This strategy has demonstrated significant advan-

tages in the evaluation of lymphedema severity, staging, 
and pathological location of lymph vessels to make indi-
vidualized treatment plans [107]. Combined 68Ga-NEB 
TOF-corrected PET/MR was used in patients with differ-
ent clinical severity of unilateral lower limb lymphedema 
[108], with semiquantitative imaging assessment (ratio of 
the standardized uptake value (SUV) of superficial lym-
phatic vessel (SLV) versus SUV of deep lymphatic vessel 
(DVL) (SUVslv/dlv)). In this study, a significant differ-
ence in the SUVslv between the affected limbs and nor-
mal limbs in all subjects was found (not found in the 
SUVdlv) and the SUVslv/dlv of the affected limbs showed 
statistical differences within the groups with minimal, 
moderate, and severe lymphedema with a negative corre-
lation, thus promising in evaluating bilateral lower limb 
lymphedema.

d e f

Fig. 5.11 (continued)
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Fig. 5.12 Patient with stage 
II lymphedema of the right 
leg. (a) MRL image obtained 
with a 3.0 Tesla system after 
intracutaneous injection in the 
first three interdigital spaces 
of the forefoot of 
gadopentetate dimeglumine 
and mepivacaine. (b) 
Late-phase (2 h) 
lymphoscintigraphic images. 
In the right leg, diffuse 
lymphatic drainage (dashed 
arrow) and lymphangiectasia 
(solid white arrow) were 
detectable. MRL shows an 
early enhancing lymph node 
in the left groin (open arrow) 
and no contralateral iliac 
lymph node enhancement, 
thus suggesting delayed 
drainage in this leg. 
Lymphoscintigraphy clearly 
depicts diffuse drainage 
pattern (solid black arrow) 
and diminished right-sided 
inguinal lymph nodes. The 
radiocolloid was almost 
completely drained from the 
left leg at the time of 
acquisition, so that lymph 
vessels on this side were no 
longer visible (adapted from 
Notohamiprodjo M et al. [63])

Key Learning Points
• Three-dimensional observation of deeper tissues at 

CT-LG has been used to help elucidating the mech-
anism of dermal backflow.

• MRL following interstitial, intracutaneous  
injection of an extracellular, paramagnetic con-
trast agent has proved to be technically feasible 
in patients with primary or secondary lymph-
edema, although it is still an experimental 
procedure.

• MRL allows real-time observation of the transport 
function of the lymphatic system and of the lymph 
nodes, depiction of detailed morphologic changes 
of the lymphatic vessels and of the regional lymph 
nodes, and quantitative assessment of abnormal 
lymph flow kinetics.

• MRL and lymphoscintigraphy have been compared 
in some studies.

• MRL has also been performed as part of 68Ga-NEB 
PET/MR.
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5.7  Virtual Reality for Preoperative 
Planning

Conventional images of lymphoscintigraphy and SPECT/
CT processed by dedicated software to visualize this 3D 
patient- specific model, creating detailed 3D image of the 
anatomical structures, were used to plan lympho-venous 
anastomosis through virtual reality in a patient with a 
lymphatic malformation. The strategy of this intervention 
was to identify the lymphatics leaking into the malforma-
tion and to interrupt the inflow towards the lesion by redi-
recting the lymph toward the venous system. Localization 
of the lymphatic malformation was achieved without iat-

rogenic damage to the adjacent structures, an important 
goal, as previous resection was only temporarily success-
ful, and scarring is a well-known complication of multi-
stage surgery [109].

Fig. 5.13 Patient with stage 
II lymphedema of the left leg. 
(a) MRL image obtained with 
a 3.0 T MR system after 
injection of gadopentetate 
dimeglumine and mepivacaine 
in the first three interdigital 
spaces of the forefoot. (b) 
Late-phase (2 h) 
lymphoscintigraphic images. 
Lymphoscintigraphy shows 
that the pretibial lymph vessel 
is masked by the localized 
dermal backflow, whereas the 
lymph vessel is clearly visible 
in the MRL image. The 
marker position is indicated 
by “1” (adapted from 
Notohamiprodjo M et al. [63])

Key Learning Point
A personalized planning for lympho-venous anasto-
mosis was performed in virtual reality elaborating the 
SPECT/CT images, resulting in a better localization of 
the leak and avoiding iatrogenic damage to the adja-
cent structures.

5 Lymphoscintigraphy for the Differential Diagnosis of Peripheral Edema and Intracavitary Lymph Effusion



100

Fig. 5.14 Interstitial and vascular pattern of lymphatic drainage in a 
48-year-old woman with stage II lymphedema of the left arm. (a, b) 
Beaded, dilated appearance of lymph vessels (lymphangiectasia) (solid 
arrow) and diffuse, interstitial enhancement (open arrow) around lymph 
vessels are visualized on maximum intensity projection images of MR 

lymphangiography 15 min after gadobutrol injection (a). The anatomi-
cal depth of lymph vessels (solid arrow) is demonstrated in coronal 
images (b). Lymphoscintigraphy image acquired 2 h after radiotracer 
injection shows diffuse lymphatic drainage at the left forearm (c) 
(adapted from Bae JS et al. [104])
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Fig. 5.15 Comparison of depiction of lymph vessels by MR lymphan-
giography and lymphoscintigraphy in a 55-year-old woman with stage 
II lymphedema. (a) MR lymphangiography clearly demonstrates 

beaded appearance of lymph vessels (white arrows) at the left elbow at 
both ulnar and radial sides. (b) Lymphoscintigraphy revealed only faint 
dotted line at the corresponding area (adapted from Bae JS et al. [104])
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 Clinical Cases

Case 5.1: Upper Limb Monocompartmental 
Lymphoscintigraphy in Stage III Primary Lymphedema 
of the Upper Left Arm Without Lymphadenomegaly

Luciano Feggi, Chiara Peterle, Corrado Cittanti, Valentina de 
Cristofaro, Stefano  Panareo, Ilaria  Rambaldi, 
Virginia Rossetti, and Ivan Santi

Background Clinical Case
A 45-year-old woman presented with spontaneous onset 

of mild non-pitting swelling in the upper left arm, in the 
absence of vascular lesions (stage III primary lymphedema 
with no lymphadenomegaly).

Anatomic location of edema: Left upper limb.
Lymphoscintigraphy
Lymphoscintigraphy was performed following adminis-

tration of two aliquots of 2 mL containing 111 MBq 99mTc- 
albumin nanocolloid. Radiopharmaceutical injections were 
performed superficially in both hands (injection in first, sec-
ond, third, and fourth interdigital spaces in each hand). A 
dual-detector SPECT gamma camera (E-cam Siemens 
Medical Solutions, Hoffman Estates, IL) equipped with 
 low- energy high-resolution (LEHR) collimators was used to 
obtain planar images.

Planar images were acquired 5 min (early images) and 4 h 
(late images) after injection in anterior view (256  ×  256 
matrix, zoom factor 1.00, acquisition time 200  s for each 
view).

Fig. 5.16 Delayed drainage 
at the left upper limb in the 
early acquisitions and “dermal 
flow” in the 4-h acquisitions. 
A similar pattern is observed 
for lymph node uptake in the 
spot acquisitions over the 
thorax-upper abdomen: no 
lymph node uptake in the left 
axilla in the early 
acquisitions, however with 
some uptake in the delayed 
acquisitions (the left-side 
lymph nodes remaining 
always less evident than the 
contralateral lymph nodes). 
Based on the results of 
lymphoscintigraphy, the 
patient underwent combined 
therapy for lymphedema 
(pneumatic compression, 
wrapping of forearm, and 
massages)
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Case 5.2: Upper Limb Monocompartmental 
Lymphoscintigraphy in Non-pitting Edema of the Upper 
Left Limb in Patient with Rheumatoid Arthritis

Luciano Feggi, Chiara Peterle, Corrado Cittanti, Valentina de 
Cristofaro, Stefano  Panareo, Ilaria  Rambaldi, 
Virginia Rossetti, and Ivan Santi

Background Clinical Case
A 40-year-old woman with a history of rheumatoid arthri-

tis and mild non-pitting edema in left upper limb (left hand 
and forearm) for 6 months.

Anatomic location of edema: Left upper limb.
Lymphoscintigraphy

Lymphoscintigraphy was performed following admin-
istration of two aliquots of 2  mL containing 74  MBq 
99mTc- albumin nanocolloid. Radiopharmaceutical injec-
tions were performed superficially and bilaterally (injec-
tion in first, second, third, and fourth interdigital spaces in 
each hand). A dual-detector SPECT gamma camera 
(E-cam Siemens Medical Solutions, Hoffman Estates, IL) 
was used to obtain planar images. Time of acquisition 
after injection: 5 min after injections (early images): (a) 
hands and forearms (laid upon collimator); (b) arms and 
thorax; 4  h after injection (late images): (a) hands and 
forearms (laid upon collimator); (b) arms and thorax 
(256  ×  256 matrix, zoom factor 1.00, acquisition time 
200 s for each view).

Fig. 5.17 Delayed drainage 
at left upper limb in the early 
acquisitions and “dermal 
flow” in the 4-h acquisitions. 
The pattern of lymphatic 
drainage is not totally normal 
also in the right arm, where 
no uptake in epitrochlear 
lymph nodes can be observed. 
No lymph node uptake in the 
left axilla at early imaging, 
with some uptake in the 
delayed acquisitions (but still 
much less intense than in the 
right axilla). Based on the 
results of lymphoscintigraphy, 
the patient underwent 
combined therapy for 
lymphedema (pneumatic 
compression, wrapping of 
forearm, and massages)
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Case 5.3: Axillary Reverse-Mapping 
Lymphoscintigraphy in Breast Cancer Patient with 
Positive Sentinel Lymph Node (SLN) Before 
Lymphadenectomy

Luciano Feggi, Chiara Peterle, Corrado Cittanti, Valentina de 
Cristofaro, Stefano  Panareo, Ilaria  Rambaldi, 
Virginia Rossetti, Ivan Santi, and Paolo Carcoforo

Background Clinical Case
A 66-year-old woman underwent surgery for a left breast 

cancer finding positive SLN. Axillary dissection is necessary 
in patients with positive SLNs in breast cancer; in axillary 
basin lymph nodes may drain from either breast or arm; still, 
a lymph node which drains from both breast and arm is very 
rarely found, so the surgeon can spare a few nodes to pre-
serve lymphatic arm drainage.

The ARM technique (axillary reverse mapping) allows to 
mark lymph nodes which drain from both hand and arm, so 
the surgeon can distinguish radioactive nodes (arm drainage) 
from “cold” ones (breast drainage) and remove only the 
breast-related ones.

Anatomic location of edema: No edema.
Lymphoscintigraphy
Lymphoscintigraphy was performed following adminis-

tration of two aliquots of 0.4 mL containing 74 MBq 99mTc- 
albumin nanocolloid. Radiopharmaceutical injections were 
performed superficially and bilaterally (injection in first, sec-
ond, third, and fourth interdigital spaces in each hand). A 
dual-detector SPECT gamma camera (E-cam Siemens 
Medical Solutions, Hoffman Estates, IL) equipped with low- 
energy high-resolution (LEHR) collimators was used to 
obtain planar images.

Time of acquisition after injection: (a) hands and forearms, 
5 min after injection (laid upon collimator); (b) arms, 10 min 
after injection (anterior planar view); (c) axillary regions and 
thorax, 15 min after injection (anterior planar scan using cobalt 
wire as a landmark); (d) second acquisition only on axillary 
regions and thorax (anterior planar scan using cobalt wire as a 
landmark). Before late image of axillary regions and thorax, a 
radioguided occult lesion localization (ROLL) (after second 
nanocolloid intratumoral injection with ultrasound guidance) 
was performed to allow the surgeon to remove the breast pri-
mary tumor and left axillary nodes in one single time.

Fig. 5.18 Early acquisitions 
(a–c): normal lymphatic 
drainage in both upper limbs 
(mild delay in left upper limb 
early drainage; a month 
earlier, the patient underwent 
SLN removal in the left 
axillary basin). In panel (d) 
(late acquisition) the axillary 
reverse-mapping 
lymphoscintigraphy (ARM) is 
displayed, while the hottest 
focus in the left breast 
corresponds to intratumoral 
injection of 99mTc-albumin 
macroaggregates for 
ROLL. The lymph nodes that 
drain the upper limb, that 
accumulate the radiocolloid, 
will be spared during axillary 
dissection, thus decreasing the 
risk of secondary 
lymphedema possibly caused 
by axillary dissection
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Case 5.4: Axillary Reverse-Mapping 
Lymphoscintigraphy in Breast Cancer Patient with 
Infiltrative Lobular Carcinoma and Positive SLN  
Before Lymphadenectomy

Luciano Feggi, Chiara Peterle, Corrado Cittanti, Valentina de 
Cristofaro, Stefano  Panareo, Ilaria  Rambaldi, 
Virginia Rossetti, Ivan Santi, and Paolo Carcoforo

Background Clinical Case
A 49-year-old woman with left breast cancer (infiltrative 

lobular carcinoma with positive SLN); we performed an 
ARM lymphoscintigraphy (axillary reverse- mapping lym-
phoscintigraphy), before the surgeon performed axillary 
dissection to spare lymph nodes that drain from hand and 
arm.

Anatomic location of edema: No edema.
Lymphoscintigraphy

Lymphoscintigraphy was performed following adminis-
tration of two aliquots of 0.4 mL containing 74 MBq 99mTc- 
albumin nanocolloid. Radiopharmaceutical injections were 
performed superficially and bilaterally (injection in first, sec-
ond, third, and fourth interdigital spaces in each hand). A 
dual-detector SPECT gamma camera (E-cam Siemens 
Medical Solutions, Hoffman Estates, IL) equipped with low- 
energy high-resolution (LEHR) collimators was used to 
obtain planar images.

Planar images were acquired in anterior view (256 × 256 
matrix, zoom factor 1.00, acquisition time 200 s for each view).

Time of acquisition after injection: (a) hands and fore-
arms, 5 min after injection (laid upon collimator); (b) arms, 
10  min after injection (anterior planar scan); (c) axillary 
regions and thorax, 15  min after injection (anterior planar 
scan using cobalt wire as a landmark); (d) second acquisition 
only (late image) on axillary regions and thorax (anterior 
planar scan using cobalt wire as a landmark).

Fig. 5.19 Early images (a–c) 
show normal lymphatic 
drainage in both upper limbs 
(mild delay in left upper limb 
early drainage; 1 month 
earlier, the patient underwent 
SLN removal in the left 
axillary basin). Panel (d) is 
the late scan of axilla and 
thorax. The lymph nodes that 
drain the upper limb, that 
accumulate the radiocolloid, 
will be spared during axillary 
dissection, thus decreasing the 
severity of secondary 
lymphedema possibly caused 
by axillary dissection
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Case 5.5: Lower Limb Monocompartmental 
Lymphoscintigraphy in Patient with Bilateral Swelling 
and Non-pitting Edema of the Lower Limbs

Luciano Feggi, Chiara Peterle, Corrado Cittanti, Valentina de 
Cristofaro, Stefano  Panareo, Ilaria  Rambaldi, 
Virginia Rossetti, and Ivan Santi

Background Clinical Case
A 62-year-old man with spontaneous onset of bilateral 

swelling and non-pitting edema in the lower limbs since 
1 year.

Anatomic location of edema: Lower limbs.
Lymphoscintigraphy

Lymphoscintigraphy was performed following adminis-
tration of two aliquots of 2 mL containing 111 MBq 99mTc- 
albumin nanocolloid. Radiopharmaceutical injections were 
performed superficially and bilaterally (injection in first, sec-
ond, and fourth interdigital spaces and in the outer retromal-
leolar space in each foot). A dual-detector SPECT gamma 
camera (E-cam Siemens Medical Solutions, Hoffman 
Estates, IL) equipped with low-energy high-resolution 
(LEHR) collimators was used to obtain planar images. Planar 
images were acquired 10  min after radiopharmaceutical 
administration and walking exercise and 4  h, respectively, 
after injection (256 × 256 matrix, zoom factor 1.00, acquisi-
tion time 200 s for each view) in anterior planar scan from 
feet to abdominal region.

Fig. 5.20 Bilateral abnormal 
patterns of lymphatic 
drainage, as indicated by 
markedly delayed flow on the 
right side and mildly delayed 
flow on the left side in the 
early acquisition. The delayed 
acquisition shows the 
presence of bilateral “dermal 
backflow” with asymmetrical 
lymph node uptake (including 
an alternate pattern from the 
popliteal to the inguinal and 
to the lumbo-aortic lymph 
nodes). Based on the results 
of lymphoscintigraphy, the 
patient underwent combined 
therapy for lymphedema 
(pneumatic compression, 
wrapping of forearm, and 
massages)
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Case 5.6: Lower Limb Bicompartmental 
Lymphoscintigraphy in Patient with Edema of the Left 
Lower Limb

Paola Anna Erba and Luisa Locantore

Background Clinical Case
A 47-year-old woman with edema of the left lower limb. 

Normal Doppler ultrasound. No family history of 
lymphedema.

Anatomic location of edema: Lower left limb.
Lymphoscintigraphy
For the deep lymphatic circulation (DLC): two aliquots of 

99mTc-nanocolloid, 7 MBq each of injection in 0.1 mL in the 

first and second intermetatarsal space, identified by palpating 
the soles of both feet immediately proximal to the distal 
heads of the metatarsal bones on each side, inserting the nee-
dle by about 12–13 mm to reach the intermetatarsal muscles 
below the deep fascia plantaris. For the superficial lymphatic 
circulation (SLC): three aliquots of about 10 MBq in 0.1 mL 
on the dorsum of each foot, inserting the needle subdermally 
in sites corresponding approximately to the prior palmar 
injections, about 1–2 cm proximally to the interdigital web. 
Spot and whole-body images were obtained from the distal 
feet up to the abdomen.

Spot images: 180 s/view, matrix 128 × 128, zoom 1.33
Whole-body images: matrix 128 × 1024, zoom 1, speed: 

12 cm/min

Figs. 5.21 and 5.22 Clear impairment of left lower lymph flow is evi-
dent in both the spot images (Fig. 5.21) and the whole-body image (Fig. 
5.22), with minimal “dermal flow” at the distal medial portion of the 
left leg after radiocolloid injection for evaluating the DLC. No uptake 
can be seen in the left popliteal lymph nodes, while a single inguinal 
lymph node is detected after radiocolloid injection for the SLC. In addi-

tion, the DLC and SLC are simultaneously visualized at the right lower 
limb after radiocolloid injection for evaluating the DLC, indicating 
communication between the deep and the superficial lymphatic circula-
tions. Multiple popliteal lymph nodes are detected on the right side, 
with normal pattern of the inguinal lymph nodes. Lumbo-aortic lymph 
nodes are faintly visualized, similarly as liver uptake
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Case 5.7: Lower Limb Monocompartmental 
Lymphoscintigraphy in Patient with Bilateral Lower 
Limb Lymphedema

Giuseppe Rubini and Filippo Antonica

Background Clinical Case
A 32-year-old man with bilateral lower limb lymph-

edema. Clinicians suspected congenital dysplasia of the 
lower limb lymphatic vessels. Legs appeared edematous, 
size increased and the patient complained about fatigue and 
continuous pain even during sleep time. His daily actions 
were very limited.

Anatomic location of edema: Lower limbs.
Lymphoscintigraphy
Lymphoscintigraphy was performed following injections 

of two aliquots containing 99mTc-albumin nanocolloid, 
37 MBq each of injection in 0.1 mL in the first and second 
intermetatarsal spaces. A dual-detector SPECT gamma cam-
era (Millennium GE Healthcare, Milwaukee, WI) equipped 
with low-energy high-resolution (LEHR) collimators was 
used to obtain whole-body images after radiopharmaceutical 
injection. Whole-body planar images were acquired in 
anteroposterior projection, with a 256  ×  1024 matrix and 
zoom factor 1.00 (speed: 12 cm/min) from the distal feet up 
to the abdomen.

Fig. 5.23 Schematic 
representation of whole-body 
images in anterior view at 
5–10, 30, 60, and 90 min 
(a–d, respectively) after 
radiocolloid injection and 
walking to stimulate 
lymphatic circulation. 
Radiocolloid drainage is 
delayed in both lower limbs, 
especially on the right side 
(no visualization of the groin 
lymph nodes in early scans). 
In later acquisitions, the right 
groin lymph nodes appear 
(red circle), delayed with 
respect to the right groin 
(green circles)
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Fig. 5.23 (continued)
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Case 5.8: Lower Limb Monocompartmental 
Lymphoscintigraphy in Patient Previously Submitted to 
Left Saphenectomy

Giuseppe Rubini and Filippo Antonica

Background Clinical Case
A 68-year-old woman previously submitted to saphenec-

tomy of the left limb. Left limb appeared cold, size increased, 
and patient reported size increasing especially in the last 
year. Echo-color Doppler revealed decreased blood flow and 
tissue edema.

Anatomic location of edema: Lower limbs.
Lymphoscintigraphy
Lymphoscintigraphy was performed following injections 

of two 0.1 mL aliquots containing 36 MBq 99mTc-albumin 
nanocolloid, in the first and second intermetatarsal spaces. A 
dual-detector SPECT gamma camera (Millennium GE 
Healthcare, Milwaukee, WI) equipped with low-energy 
high-resolution (LEHR) collimators was used to obtain 
whole-body images after radiopharmaceutical injection. 
Whole-body planar images were acquired in anteroposterior 
projection, with a 256 × 1024 matrix and zoom factor 1.00 
(speed: 12 cm/min) from the distal feet up to the abdomen.

Fig. 5.24 Schematic representation of whole-body images in anterior 
view at 5–10, 30, and 60  min (a–c, respectively) after radiocolloid 
injection. Radiocolloid drainage is delayed in the left lower limb (no 
visualization of the groin lymph nodes in the early scans). In later 

acquisitions, the left groin lymph nodes appear (green circle). 
Radiocolloid drainage is normal in the right lower limb (red and yellow 
circles). These scintigraphic findings suggest secondary impairment of 
lymphatic drainage in the left lower limb
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Case 5.9: Lower Limb Monocompartmental 
Lymphoscintigraphy in Patient with History of 
Lymphadenectomy of the Groin Basin for Melanoma

Giuseppe Rubini and Filippo Antonica

Background Clinical Case
Patient with a history of cutaneous melanoma of the right 

foot already surgically removed and submitted to lymphade-
nectomy of the groin basin due to groin SLN positivity for 
metastasis. The surgeon also removed pelvic lymph nodes to 
guarantee surgical radicality. Physical examination did not 
reveal any lymphadenopathy or lymphedema.

Anatomic location of edema: Lower limbs.
Lymphoscintigraphy
Lymphoscintigraphy was performed following injec-

tions of two 0.1  mL aliquots containing 36  MBq 99mTc-
albumin nanocolloid, in the first and second intermetatarsal 
spaces. A dual-detector SPECT gamma camera (Millennium 
GE Healthcare, Milwaukee, WI) equipped with low-energy 
high-resolution (LEHR) collimators was used to obtain 
whole-body images after radiopharmaceutical injection. 
Whole-body planar images were acquired in anteroposte-
rior projection, with a 256 × 1024 matrix and zoom factor 
1.00 (speed: 12  cm/min) from the distal feet up to the 
abdomen.

Fig. 5.25 Schematic 
representations of whole-body 
scans in anterior view, 
5–10 min (left panel) and 
30 min (right panel) after 
radiocolloid injection. 
Lymphatic drainage is 
delayed in the right lower 
limb (no visualization of the 
groin lymph nodes). Drainage 
is normal in the left lower 
limb, with normal 
visualization of the popliteal 
(green circle) and inguinal 
(yellow circle) lymph nodes
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Fig. 5.26 Schematic representation of whole-body scans in anterior 
view 90 min after radiocolloid injection. In this delayed scan, the right 
popliteal lymph nodes appear (red circle), with faint visualization of the 
right groin lymph nodes. Radiocolloid drainage is normal in the left 
lower limb, with normal visualization of the popliteal (green circle) and 
inguinal (yellow circle) lymph nodes. These scintigraphic findings sug-
gest secondary impairment of the lymphatic circulation in the right 
lower limb
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Case 5.10: Postexercise Lower Limb 
Monocompartmental Lymphoscintigraphy in Patient 
with Bilateral Leg Edema

Luciano Feggi, Chiara Peterle, Corrado Cittanti, Valentina de 
Cristofaro, Stefano  Panareo, Ilaria  Rambaldi, 
Virginia Rossetti, and Ivan Santi

Background Clinical Case
A 50-year-old woman with previous hysterectomy due to 

uterine fibromatosis and multiple removals of lipomas of the 
legs underwent investigation, because of mild edema of the 
legs, more noticeable in the right one; ultrasound, performed 
before lymphoscintigraphy, showed saphenous–femoral vein 
junction incontinence with ectasia. Lymphadenomegaly was 
found in the right inguinal region.

Anatomic location of edema: Lower limbs (more evi-
dent in right one).

Lymphoscintigraphy
Lymphoscintigraphy was performed following administra-

tion of two doses of 2 mL containing 111 MBq 99mTc- albumin 
nanocolloid. Radiopharmaceutical injections were performed 
superficially and bilaterally (injection in first, second, and 
fourth interdigital spaces and in the outer retromalleolar space 
in each foot). A dual-detector SPECT gamma camera (E-cam 
Siemens Medical Solutions, Hoffman Estates, IL) equipped 
with low-energy high-resolution (LEHR) collimators was 
used to obtain planar images. Planar images were acquired 
10 min (after radiopharmaceutical administration and walking 
exercise) and 4  h, respectively, after injection (256  ×  256 
matrix, zoom factor 1.00, acquisition time 200 s for each view) 
in anterior planar scans from feet to abdominal region.

Fig. 5.27 Near-normal 
visualization of bilateral 
lymphatic trunks and inguinal 
lymphatic basins both in the 
early and in the delayed (4 h) 
acquisitions. A single 
popliteal lymph node is 
visualized, only in the right 
lower limb (mild abnormality)
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Case 5.11: Lower Limb Monocompartmental 
Lymphoscintigraphy at Rest and Postexercise with 
Semiquantitative Evaluation of the Tracer Appearance 
Time in Patient with Lymphedema of the Left Lower 
Limb Post-left Groin Lymphadenectomy

Girolamo Tartaglione, Roberto Bartoletti, and Marco Pagan

Background Clinical Case
A 45-year-old woman, with lymphedema of the left lower 

limb and history of cutaneous melanoma of the gluteus 
(pN1M0) and left groin lymph nodal dissection.

Anatomic location of edema: Lower limb.
Lymphoscintigraphy
All tight clothes and elastics were removed before tracer 

injection. Two aliquots of 0.3 mL containing 50 MBq 99mTc- 

albumin- nanocolloid were injected intradermally at the first 
interdigital area, on the top of the feet. Gentle massage was 
performed after injection in the area. Two scans were 
acquired starting immediately after injection (the first on the 
legs and the second on the thighs) following these parame-
ters: planar static scan, preset time 5 min, matrix 128 × 128, 
140 Kev ± 10%, and anterior and posterior views. A dual- 
head gamma camera (GE-Infinia) equipped with low-energy 
general-purpose (LEGP) collimators was used to provide 
increased sensitivity. If delayed or absent lymphatic drainage 
was perceived, then the patient was invited to perform 2 min 
of continuous isotonic exercise (walking). A postexercise 
static scan was acquired (128 × 128, 5 min) until the regional 
lymph nodes were visualized. The tracer appearance time 
(TAT, normal value less than 10 min) and lymph drainage 
patterns after exercise (see timeline) were evaluated.
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Figs. 5.28 and 5.29 The 
scan at rest shows near- 
normal visualization of the 
main lymphatic vessels of the 
lower limbs, and a normal 
TAT, with a time-dependent 
increased accumulation of the 
radiocolloid in the left groin 
region. After exercise, 
radioactivity accumulation 
increases even further in the 
left groin region (lymphatic 
leakage). In this case exercise 
revealed a local failure of 
lymphatic drainage, which 
was helpful to develop a 
combined treatment approach
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Case 5.12: Lower Limb Monocompartmental 
Lymphoscintigraphy at Rest and Postexercise with 
Semiquantitative Evaluation of the Tracer Appearance 
Time in Patient with Right Lower Limb Primary 
Lymphedema, Clinical Stage 3 According to Foeldi

Girolamo Tartaglione, Roberto Bartoletti, and Marco Pagan

Background Clinical Case
A 54-year-old woman, affected by a right lower limb pri-

mary lymphedema of clinical stage 3 according to Foeldi. 
The tissue at this stage is hard (fibrotic) and edema is non- 
pitting. The swelling is almost irreversible and the limb is 
very large and swollen.

Anatomic location of edema: Right lower limb.
Lymphoscintigraphy
All tight clothes and elastics were removed before tracer 

injection. Two aliquots of 0.3  mL containing 50  MBq 

99mTc- albumin- nanocolloid were injected intradermally at 
the first interdigital area, on the top of the feet. Gentle mas-
sage was performed after injection in the area. Two scans 
were acquired starting immediately after injection (the first 
on the legs and the second on the thighs) following these 
parameters: planar static scan, preset time 5  min, matrix 
128  ×  128, 140  Kev  ±  10%, and anterior and posterior 
views. A dual- head gamma camera (GE-Infinia) equipped 
with low-energy general-purpose (LEGP) collimators was 
used to provide increased sensitivity. If delayed or absent 
lymphatic drainage was perceived, then the patient was 
invited to perform 2  min of continuous isotonic exercise 
(walking). A postexercise static scan was acquired 
(128  ×  128, 5  min) until the regional lymph nodes were 
visualized. The tracer appearance time (TAT, normal value 
less than 10 min) and lymph drainage patterns after exer-
cise (see timeline) were evaluated.
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Figs. 5.30 and 5.31 The 
scan at rest shows severely 
delayed lymphatic drainage 
on the right side, with 
visualization of a rich 
collateral circulation along 
the small saphena; no 
detectable lymph flow on the 
left side. After exercise, 
intense dermal backflow 
appears on the right side, 
while a normal lymph 
drainage can be observed on 
the left side. Dermal backflow 
is usually observed in case of 
severe obstruction of the main 
lymph pathway; when the 
pressure gradient increases 
over a certain threshold, it 
causes incompetence of the 
lymphatic vessel’s valves, 
which causes inversion of 
lymph flow toward the 
dermis. In this patient, 
compression bandage therapy 
was ineffective, whereas a 
standard program of 
combined physical therapy 
yielded moderate clinical 
improvement
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Case 5.13: Lower Limb Monocompartmental 
Lymphoscintigraphy at Rest and Postexercise with 
Semiquantitative Evaluation of the Tracer Appearance 
Time in Patient with Post-lymph Nodal Dissection 
Lymphedema of the Lower Limbs

Girolamo Tartaglione, Roberto Bartoletti, and Marco Pagan

Background Clinical Case
A 46-year-old man, affected by lymphedema of the lower 

limbs (clinical stage 2 according to Foeldi) secondary to 
bilateral groin lymph nodal dissection for cutaneous mela-
noma (7 years previously). The patient was treated in several 
centers with combined physical therapy programs, including 
a personalized program of exercise.

Anatomic location of edema: Lower limbs.
Lymphoscintigraphy
All tight clothes and elastics were removed before tracer 

injection. Two aliquots of 0.3  mL containing 50  MBq 

99mTc- albumin- nanocolloid were injected intradermally at 
the first interdigital area, on the top of the feet. Gentle mas-
sage was performed after injection in the area. Two scans 
were acquired starting immediately after injection (the first 
on the legs and the second on the thighs) following these 
parameters: planar static scan, preset time 5  min, matrix 
128  ×  128, 140  Kev  ±  10%, and anterior and posterior 
views. A dual- head gamma camera (GE-Infinia) equipped 
with low-energy general-purpose (LEGP) collimators was 
used to provide increased sensitivity. If delayed or absent 
lymphatic drainage was perceived, then the patient was 
invited to perform 2  min of continuous isotonic exercise 
(walking). A postexercise static scan was acquired 
(128  ×  128, 5  min) until the regional lymph nodes were 
visualized. The tracer appearance time (TAT, normal value 
less than 10 min) and lymph drainage patterns after exer-
cise were evaluated.
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Figs. 5.32 and 5.33 The rest 
scan shows delayed lymph 
drainage in the left leg, with 
normal lymph drainage in the 
right leg. Exercise accelerated 
lymph drainage in the left leg. 
A second lymph drainage 
pathway was observed in the 
right leg, with unusual uptake 
of a popliteal lymph node. 
The scan demonstrates a 
shunt between the superficial 
and deep lymphatic system, 
as a compensatory mechanism 
in lymphedema of the right 
lower limb
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Case 5.14: Postexercise Lower Limb 
Monocompartmental Lymphoscintigraphy in Patient 
with Acute Edema of the Left Lower Limb and Painful 
Left Inguinal Lymphadenomegaly

Luciano Feggi, Chiara Peterle, Corrado Cittanti, Valentina de 
Cristofaro, Stefano  Panareo, Ilaria  Rambaldi, 
Virginia Rossetti, Ivan Santi, and Paolo Carcoforo

Background Clinical Case
A 77-year-old woman with pain and swelling of the left 

lower limb; ultrasound detected left inguinal lymphadeno-
megaly; after surgical removal, histological diagnosis was 
metastasis of neuroendocrine carcinoma (poorly differenti-
ated), consistent with Merkel cell carcinoma metastasis 
(T2N1Mx). Her clinical presentation included edema of the 
left lower limb and pain; there was a left inguinal scar after 
surgical removal.

Anatomic location of edema: Left lower limb.
Lymphoscintigraphy
Lymphoscintigraphy was performed following admin-

istration of two aliquots of 2  mL containing 111  MBq 
99mTc- albumin nanocolloid. Radiopharmaceutical injec-
tions were performed superficially and bilaterally (injec-
tion in first, second, and fourth interdigital spaces and in 
the outer retromalleolar space in each foot). A dual-detec-
tor SPECT gamma camera (E-cam Siemens Medical 
Solutions, Hoffman Estates, IL) equipped with low-energy 
high-resolution (LEHR) collimators was used to obtain 
planar images. Planar images were acquired 5  min and 
4 h, respectively, after injection (256 × 256 matrix, zoom 
factor 1.00, acquisition time 200 s for each view) in ante-
rior planar views of the feet and legs, thighs, and inguinal 
regions.

 

Fig. 5.34 Delayed lymphatic drainage of the left lower limb, with 
abnormal lymphatic function both in the early acquisition (only the 
right main lymphatic channel being visualized) and in the 4-h image 
(mild “dermal flow” in left leg). In the inguinal regions, asymmetrical 
radiocolloid uptake is observed in the lymph nodes (fewer nodes in left 

inguinal region). This pattern suggested involvement of the left inguinal 
lymph nodes causing abnormal drainage in the left lower limb. The 
patient therefore underwent further examinations, including a [18F]
FDG PET/CT scan that visualized a primary tumor in the skin covering 
the left knee
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Figs. 5.35 and 5.36 [18F]
FDG PET/CT scan 
visualizing metastatic nodes 
in the left inguinal basin 
causing the abnormal 
lymphatic drainage in the left 
extremity
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Case 5.15: Lower Limb Monocompartmental 
Lymphoscintigraphy at Rest and Postexercise with 
Semiquantitative Evaluation of the Tracer Appearance 
Time in Patient with Secondary Lymphedema of the 
Right Lower Limb

Girolamo Tartaglione, Roberto Bartoletti, and Marco Pagan

Background Clinical Case
A 71-year-old woman was submitted to surgical removal 

of primary melanoma of the right leg and sentinel lymph 
node biopsy (SLNB) of the popliteal lymph node (pN0). 
About 3 months after surgery she developed a lymphedema 
of right lower limb.

Anatomic location of edema: Right lower limb.
Lymphoscintigraphy
All tight clothes and elastics were removed before tracer 

injection. Aliquots of 0.3  mL containing 50  MBq 99mTc- 

albumin- nanocolloid were injected intradermally at the first 
interdigital area, on the top of the feet. Gentle massage was 
performed after injection in the area. Two scans were 
acquired starting immediately after injection (the first on 
the legs and the second on the thighs) following these 
parameters: planar static scan, preset time 5  min, matrix 
128  ×  128, 140  Kev  ±  10%, and anterior and posterior 
views. A dual- head gamma camera (GE-Infinia) equipped 
with low-energy general-purpose (LEGP) collimators was 
used to provide increased sensitivity. If delayed or absent 
lymphatic drainage was perceived, then the patient was 
invited to perform 2  min of continuous isotonic exercise 
(walking). A postexercise static scan was acquired 
(128  ×  128, 5  min) until the regional lymph nodes were 
visualized. The tracer appearance time (TAT, normal value 
less than 10 min) and lymph drainage patterns after exer-
cise were evaluated.
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Figs. 5.37 and 5.38 The 
scans at rest visualize three 
superficial collateral lymph 
channels of the right limb 
with normal visualization of 
lymph nodes in the right groin 
(TAT <10 min), and delayed 
lymph drainage of the left leg. 
Isotonic exercise accelerated 
lymph drainage toward the 
left groin’s lymph nodes 
(TAT = 16 min), with a 
collateral lymph pathway and 
an area of radiocolloid 
collection in the middle third 
of the left leg. This test 
revealed a preexisting 
lymphatic disease of the lower 
limbs. A personalized 
program of combined 
physical therapy was based on 
the findings of 
lymphoscintigraphy
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Case 5.16: Lower Limb Monocompartmental 
Lymphoscintigraphy in Patient with Secondary Bilateral 
Non-pitting Edema of the Lower Extremities, More 
Evident on the Left, and Left Ureteral Obstruction Due 
to Lymphocele

Luciano Feggi, Chiara Peterle, Corrado Cittanti, Valentina de 
Cristofaro, Stefano  Panareo, Ilaria  Rambaldi, 
Virginia Rossetti, Ivan Santi, and Paolo Carcoforo

Background Clinical Case
A 47-year-old woman with melanoma of the left leg and 

metastasis of the inguinal homolateral lymph nodes under-
went surgery (removal of melanoma and left inguinal and 
iliac lymphadenectomy). After 7  years, during follow-up, 
CT detected a large pelvic mass, which remained undiag-
nosed (lymphocele? ovarian cyst?). Two years later, the 
patient suffered from left ureteral obstruction by compres-
sion of a pelvic mass on the third tract of the ureter. Patient 
reported bilateral swelling in the lower limbs, more evident 
on the left. Therefore her clinical presentation includes 
bilateral non-pitting edema of the lower extremities, more 

evident on the left, and left ureteral obstruction, which needs 
nephrostomy.

Anatomic location of edema: Lower limbs (more evi-
dent in left one).

Lymphoscintigraphy
Lymphoscintigraphy was performed following adminis-

tration of two aliquots of 2 mL containing 111 MBq 99mTc- 
albumin nanocolloid. Radiopharmaceutical injections were 
performed superficially and bilaterally (injection in first, 
second, and fourth interdigital spaces and in the outer retro-
malleolar space in each foot). A dual-detector SPECT 
gamma camera (E-cam Siemens Medical Solutions, 
Hoffman Estates, IL) equipped with low-energy high-reso-
lution (LEHR) collimators was used to obtain planar 
images. Planar images were acquired 5 min, 1 h, 4 h, and 
24  h, respectively, after injection in an anterior view 
(256 × 256 matrix, zoom factor 1.00, acquisition time 200 s 
for each view). SPECT/CT was acquired 24 h after radio-
pharmaceutical administration (60  s for each frame, CT 
slice thickness: 1 mm, tube current of 30 mA, tube voltage 
of 13 kV).

   

Fig. 5.39 “Whole-body” images extending from the feet to the lower 
abdomen. From left to right: (a) 5 min after radiocolloid injection, nor-
mal drainage is noted in the right limb (visualization of a main lym-
phatic channel and inguinal lymph nodes), whereas in the left limb 
lymphatic drainage is delayed (the radiocolloid almost stops at the 
knee). (b) 1 h after injection, acquisition from knees to abdomen: nor-
mal drainage in right limb with “dermal flow/backflow” in the left 
thigh, without visualization of the inferior inguinal lymph nodes (prior 
lymphadenectomy). Bilateral iliac nodes and an area of tracer uptake 
only on the left (red arrow) are visualized. (c) Planar scan (feet to abdo-
men) at 4  h: normal lymphatic drainage on the right limb; popliteal 

lymph nodes are visualized bilaterally (mostly on the left side), with 
“dermal flow/backflow” in the thigh; faint radiocolloid uptake in the left 
inguinal region; in this scan, the pelvic area of radiocolloid accumula-
tion on the left (red arrow) appears more evident and larger; there is 
slight visualization of the bladder and the reticuloendothelial system. 
(d) 24-h scan: the radiocolloid has cleared almost completely from the 
right lower limb; radioactivity accumulation in the left pelvic area (red 
arrow) has expanded to a larger area. Radioactivity accumulation in the 
bladder is more evident (green arrow), whereas the other sites of uptake 
remain almost identical. SPECT/CT was performed in order to better 
characterize this pattern of distribution of the radiocolloid
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Fig. 5.40 Multiplanar reconstruction (MPR) fusion SPECT/CT (24 h after injection): a large pelvic mass is seen on the left (red arrow), near to 
the bladder (green arrow), with retention of a very low amount of radioactivity

Fig. 5.41 MPR SPECT/CT acquisition (CT only). In the CT compo-
nent of the acquisition, the content of the pelvic mass (red arrow) has 
radiodensity Hounsfield Unit values typical of a fluid (a–c). In a diag-

nostic CT the pelvic mass does not show contrast enhancement: d 
contrast- enhanced transaxial section; e corresponding noncontrast CT 
section
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Fig. 5.42 MPR SPECT/CT fusion images. Lymphoscintigraphy confirmed the suspicion that the pelvic mass was a lymphocele. Therefore, the 
patient underwent surgery, which restored a normal left nephro-ureteral function

Fig. 5.41 (continued)
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Case 5.17: Lower Limb Bicompartmental 
Lymphoscintigraphy in Patient with Posttraumatic 
Edema of the Left Leg Associated with Disability Grade 
3 According to Ricci Scale, at Baseline and After 5 Years 
of Multiple Surgeries and Cycles of Therapy

Paola Anna Erba and Luisa Locantore

Background Clinical Case
A 36-year-old man with posttraumatic edema of the left 

leg. After crush injury, the patient had multiple surgical pro-
cedures for the presence of tissue necrosis and cheloids, with 
cutaneous graft. Before the accident, the patient had had a 
left leg saphenectomy performed. There is stage V lymph-
edema of the lower left limb with cutaneous retraction of the 
proximal and medial portion of the leg, hyperkeratosis, lym-
phatic vesicles, eczema, and ulcerations. A disability grade 3 
according to Ricci scale was present.

Anatomic location of edema: Lower left limb.

Lymphoscintigraphy
Lower Limbs
For the deep lymphatic circulation (DLC): two aliquots of 

99mTc-nanocolloid, 7 MBq each of injection in 0.1 mL in the 
first and second intermetatarsal spaces, identified by palpat-
ing the soles of both feet immediately proximal to the distal 
heads of the metatarsal bones on each side, inserting the 
needle by about 12–13 mm to reach the intermetatarsal mus-
cles below the deep fascia plantaris.

For the superficial lymphatic circulation (SLC): three ali-
quots of about 10 MBq in 0.1 mL on the dorsum of each foot, 
inserting the needle subdermally in sites corresponding 
approximately to the prior palmar injections, about 1–2 cm 
proximally to the interdigital web. Spot and whole-body 
images were obtained from the distal feet up to the 
abdomen.

Spot images: 180 s/view, matrix 128 × 128, zoom 1.33.
Whole-body images: matrix 256 × 1024, zoom 1, speed: 

12 cm/min  

Fig. 5.43 The patient’s legs at baseline scan
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Fig. 5.44 Baseline lymphoscintigraphy. The spot images (a, right) and 
the whole-body image (b, right) show a normal deep lymphatic circula-
tion with a relatively delayed right distal flow; normal popliteal and 
inguinal lymph nodes are detected with only faint visualization of the 
inferior right inguinal lymph nodes. After radiocolloid injection for 
assessing the superficial lymphatic circulation, a normal right lymph 

flow was depicted. Conversely, “dermal flow” and “dermal backflow” 
up to mid-thigh are present at the left limb, with preservation of the 
main lymphatic vessel. New lymph nodes appear in the inguinal region. 
No radiocolloid progression through the lumbo-aortic lymph nodes is 
detected and liver uptake of the radiocolloid is not observed
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Fig. 5.45 Follow-up lymphoscintigraphy performed after 5  years of 
subsequent surgical procedures and multiple cycles of therapy. Spot 
images (anterior view, a left column DLC, right column DLC and SLC) 
and whole-body images (b, left column DLC, right column DLC and 
SLC) demonstrated a significant reduction of the left limb “dermal 
flow” and “dermal backflow” with enhanced lymphatic flow through 
both the deep and the superficial lymphatic circulation. However, col-

lateral lymphatic channels are still visualized after injection for evalua-
tion of the SLC, with enhanced uptake at the site of popliteal lymph 
nodes; furthermore, increased radiocolloid accumulation along the soft 
tissue of the lower part of the leg is still present. The pattern of lym-
phatic drainage for the right leg remains normal. Based on these find-
ings, a new, less aggressive treatment plan was designed, to maintain 
these favorable results
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Case 5.18: Upper and Lower Limb Bicompartmental 
Lymphoscintigraphy in Patient with Bilateral Feet and 
Ankle Edema, More Prevalent on Left Side

Paola Anna Erba and Luisa Locantore

Background Clinical Case
A 62-year-old woman with bilateral edema mainly at the 

distal part of the leg and the feet, worsening in the last 
10 months. Doppler ultrasound negative. Ultrasound of the 
soft tissue showing an increased thickening of the derma, 
which is hypoechogenic, representing an interstitial edema.

Anatomic location of edema: Bilateral feet and ankles, 
major at the left side.

Lymphoscintigraphy
Upper Limbs
For the deep lymphatic circulation (DLC): two aliquots of 

99mTc-nanocolloid, 7 MBq each of injection in 0.1 mL in 
the first and second intermetacarpal spaces, identified by pal-
pating the palms of both hands immediately proximal to the 
distal heads of the metacarpal bones on each side, inserting 
the needle by about 12–13 mm to reach the intermetacarpal 
muscles below the deep fascia. For the superficial lymphatic 
circulation (SLC): three aliquots of about 10 MBq in 0.1 mL 
on the dorsum of each hand, inserting the needle subder-

mally in sites corresponding approximately to the prior pal-
mar injections, about 1–2 cm proximally to the interdigital 
web. Spot and whole-body images of both arms, thorax, and 
upper abdomen.

Lower Limbs
For the DLC: two aliquots of 99mTc-nanocolloid, 7 MBq 

each of injection in 0.1 mL in the first and second intermeta-
tarsal spaces, identified by palpating the soles of both feet 
immediately proximal to the distal heads of the metatarsal 
bones on each side, inserting the needle by about 12–13 mm 
to reach the intermetatarsal muscles below the deep fascia 
plantaris.

For the SLC: three aliquots of about 10 MBq in 0.1 mL on 
the dorsum of each foot, inserting the needle subdermally in 
sites corresponding approximately to the prior palmar injec-
tions, about 1–2 cm proximally to the interdigital web. Spot 
and whole-body images were obtained from the distal feet up 
to the abdomen.

Spot images: 180 s/view, matrix 128 × 128, zoom 1.33
Whole-body images: matrix 256 × 1024, zoom 1, speed: 

12 cm/min
This is a typical example of lower limb lymphedema due 

to an impairment of the DLC with conserved function of the 
SLC; however, signs of overload of the SLC are also present 
at the left lower limb. Arm circulation is normal.  

Fig. 5.46 Lymphoscintigraphy 
of upper limbs, spot images 
(upper panel: DLC; lower 
panel: SLC). A normal deep 
and superficial lymphatic 
circulation of the left upper 
limb is present with mild delay 
of the superficial circulation. 
Faint uptake is present at 
epitrochlear lymph nodes, while 
axillary lymph nodes are 
bilaterally visualized, despite 
being low in number
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Fig. 5.47 Spot images of lymphoscintigraphy of the lower limbs of the 
DLC from the distal feet to the inguinal region of the lower limbs. No 
radiocolloid migration from the injection sites

Fig. 5.48 Spot images of lymphoscintigraphy of the lower limbs of the 
DLC and SLC from the distal feet to the inguinal region. Images show 
a normal SLC at the right lower limb, while at the left limb collateral 
channels are visualized, with sites of uptake representing lymphatic 
collection along the external margin thigh. No popliteal lymph nodes 
can be detected, while only few lymph nodes are detected at the ingui-
nal region
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Case 5.19: Upper and Lower Limb Bicompartmental 
Lymphoscintigraphy in Patient with Right Pelvic 
Paravesical and Inguinal Swelling

Paola Anna Erba and Luisa Locantore

Background Clinical Case
A 33-year-old man with right pelvic (alongside the blad-

der) and right inguinal swelling. CT finding of multiple cys-
tic lesions suspected for cystic lymphangiomatosis, localized 
in the retroperitoneal space, at the splenic lodge, in the bone 
(ribs, vertebral bodies, and pelvic bones of maximum 
23  mm) and in the pelvis (about 10  cm). Negative [18F]
FDGPET/CT findings.

Anatomic location of edema: Right inguinal.
Lymphoscintigraphy
Upper Limbs
For the deep lymphatic circulation (DLC): two aliquots of 

99mTc-nanocolloid, 7 MBq each of injection in 0.1 mL in 
the first and second intermetacarpal spaces, identified by pal-
pating the palms of both hands immediately proximal to the 
distal heads of the metacarpal bones on each side, inserting 
the needle by about 12–13 mm to reach the intermetacarpal 
muscles below the deep fascia.

For the superficial lymphatic circulation (SLC): three ali-
quots of about 10  MBq in 0.1  mL on the dorsum of each 
hand, inserting the needle subdermally in sites correspond-
ing approximately to the prior palmar injections, about 
1–2 cm proximally to the interdigital web. Spot and whole- 
body images of both arms, thorax, and upper abdomen.

Lower Limbs

For the DLC: two aliquots of 99mTc-nanocolloid, 7 MBq 
each of injection in 0.1 mL in the first and second intermeta-
tarsal spaces, identified by palpating the soles of both feet 
immediately proximal to the distal heads of the metatarsal 
bones on each side, inserting the needle by about 12–13 mm 
to reach the intermetatarsal muscles below the deep fascia 
plantaris.

For the SLC: three aliquots of about 10 MBq in 0.1 mL on 
the dorsum of each foot, inserting the needle subdermally in 
sites corresponding approximately to the prior palmar injec-
tions, about 1–2 cm proximally to the interdigital web. Spot 
and whole-body images were obtained from the distal feet up 
to the abdomen.

Spot images: 180 s/view, matrix 128 × 128, zoom 1.33
Whole-body images: matrix 256 × 1024, zoom 1, speed: 

12 cm/min
Normal bilateral lymph flow was depicted, with only mild 

delay for the right SLC in the medial and distal part of the 
leg. Interestingly, two sites of radiopharmaceutical accumu-
lation are evident. The first is at the pelvis localized near the 
bladder, at the right side, and which is receiving the lymph 
from the deep lymphatic system. The second is in the upper 
abdominal area, at the level of the upper right kidney portion 
which is supplied by the SLC. Normal lymph node images 
were seen for the popliteal lymph nodes bilaterally and for 
the left inguinal node. Progression through the lumbo-aortic 
lymph nodes is present, as well as faint liver uptake of the 
radiocolloids.

The exam demonstrated the lymphatic nature of both the 
pelvic and the abdominal collections, therefore confirming 
the clinical diagnosis of cystic lymphangiomatosis.     
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Fig. 5.49 Lymphoscintigra-
phy of the upper limbs, spot 
images. Upper panels: DLC. 
Lower panels: DLC and SLC

Fig. 5.50 Anterior view of the thoracic and upper abdominal regions, 
showing a normal deep and superficial lymphatic circulation of the 
right upper limb; for the left upper limb simultaneous visualization of 
DLC and SCL was observed immediately after the first injection (for 
DLC). No epitrochlear lymph nodes were detected and also the right 
axillary lymph nodes were faintly visualized (mainly first-level nodes). 
The left axillary nodes were normal. At the end of this phase of the scan 
radiocolloids had not yet localized in the liver
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Fig. 5.51 Spot images of 
lower limbs during 
lymphoscintigraphy from the 
distal feet to the inguinal 
region. Left column: DLC. 
Right column: SLC

Fig. 5.52 Spot images of the abdomen, anterior view

M. Sollini et al.



135

Fig. 5.53 Whole-body images (left column, anterior view; right column, posterior view) after radiocolloid injection for the assessment of DLC
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Fig. 5.54 With both DLC and SLC
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Case 5.20: Lower Limb Bicompartmental 
Lymphoscintigraphy in Patient with Edema of the 
Scrotum

Paola Anna Erba and Luisa Locantore

Background Clinical Case
A 72-year-old man with edema of the scrotum but no 

edema of upper or lower extremities. Previous surgery for 
left inguinal hernia.

Anatomic location of edema: Scrotum.
Lymphoscintigraphy
For the deep lymphatic circulation (DLC): two aliquots of 

99mTc-nanocolloid, 7 MBq each of injection in 0.1 mL into 
the first and second intermetatarsal spaces, identified by pal-
pating the soles of both feet immediately proximal to the dis-
tal heads of the metatarsal bones on each side, inserting the 
needle by about 12–13 mm to reach the intermetatarsal mus-
cles below the deep fascia plantaris.

For the superficial lymphatic circulation (SLC): three ali-
quots of about 10 MBq in 0.1 mL on the dorsum of each foot, 
inserting the needle subdermally in sites corresponding 
approximately to the prior palmar injections, about 1–2 cm 
proximally to the interdigital web. Spot and whole-body 
images were obtained from the distal feet up to the 
abdomen.

Spot images: 180 s/view, matrix 128 × 128, zoom 1.33
Whole-body images: matrix 256 × 1024, zoom 1, speed: 

12 cm/min
After injections for assessment of the SLC, a normal right 

lymph flow was depicted, with only mild delay in the medial 
and distal part of the leg. Conversely, at the left limb, multi-
ple collateral vessels are evident with lymph collection at the 
proximal left leg; preservation of the main lymphatic vessel 
is present. New images of the lymph nodes appear at the 
inguinal region. The lymph collection at the left scrotum per-
sists, without increasing significantly the uptake of the radio-
colloid. Progression through the lumbo-aortic lymph nodes 
is present, as well as faint liver uptake of the radiocolloids.

The exam demonstrated the lymphatic origin of the edema 
of the scrotum, which is alimented by both the deep and the 
superficial lymphatic circulation and is evident after injec-
tion at the intermetatarsal space. Therefore, the same tech-
nique of injection was used for the subsequent injection of 
the blue dye during surgery performed to detect the site of 
lymphatic leakage. After the injection, which was performed 
after the preparation of the main operative field, a passive 
movement of the patient’s leg was performed to allow the 
blue dye to reach the site of leak. As soon as the operative 
field became blue, indicating blue dye extravasation, the sur-
geon searched for the site of leakage, and then performed the 
suture.
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Figs. 5.55 and 5.56 Lymphoscintigraphy, spot images (Fig.  5.55), 
and whole-body images (Fig.  5.56) of the lower limbs (left column, 
DLC; right column DLC and SLC). Normal deep lymphatic circulation 
of the right lower limbs with a relatively slow right distal flow; normal 
popliteal and inguinal nodes are detected, with only faint visualization 
of the inferior right inguinal lymph nodes. At the left lower limb, con-

comitant DLC and SLC are visible, both delayed as compared to the 
right DLC and SLC.  In addition, radiocolloid accumulation is also 
clearly depicted, localized medially at the left proximal thigh, which is 
consistent with the edema of the scrotum. Normal popliteal and ingui-
nal nodes are detected also on the left side
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Case 5.21: Lower Limb Monocompartmental 
Lymphoscintigraphy in Patient with Postsurgical 
Chylopericardium (Ductus Arteriosus), Treated with 
Thoracentesis

Paola Anna Erba and Luisa Locantore

Background Clinical Case
Girl, aged 1  year, with postsurgical chylopericardium 

(ductus arteriosus), treated with thoracentesis.
Anatomic location of edema: Pericardium.

Lymphoscintigraphy
Lower Limbs
For the superficial lymphatic circulation (SLC): three ali-

quots of about 10 MBq in 0.1 mL on the dorsum of each foot, 
inserting the needle subdermally, about 1–2 cm proximally 
to the interdigital web. Spot and whole-body images were 
obtained from the distal feet up to the abdomen.

Spot images: 180 s/view, matrix 128 × 128, zoom 1.33
Whole-body images: matrix 256 × 1024, zoom 1, speed: 

12 cm/min 

Fig. 5.57 Early spot lymphoscintigraphic acquisitions (SLC) of the 
lower limbs from the distal feet to the liver, acquired immediately after 
subdermal radiocolloid administration. A normal lymphatic drainage 
pattern is present at the left side. At the right side, there are indirect 
signs of overloaded drainage with delayed radiocolloid migration along 
dilated lymphatic vessels and delayed appearance of dermal backflow 
at the leg. Popliteal and inguinal lymph nodes are detected (mainly at 
right side). At this time, no radiocolloid accumulation is detectable in 
the thorax

Fig. 5.58 Delayed spot lymphoscintigraphic acquisitions (SLC) of the 
lower limbs from the distal feet to the liver acquired 2 h after radiocol-
loid injection. A clear pattern of dermal backflow at the leg is observed, 
with persisting uptake in lymph nodes. Physiological visualization of 
the liver. In these images, faint radiocolloid accumulation can be 
detected in the thorax, localized in the mediastinal space and cardiac 
region, demonstrating the persistence of chylopericardium. A sample of 
pleuropericardial fluid was withdrawn from a mediastinal catheter; 
gamma counting of this sample confirmed radiocolloid localization, 
further confirming the lymphatic origin of the effusion
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6.1  History

For many years, regional lymph node dissection was a rou-
tine component of the surgical treatment of various solid 
cancers, even if the nodes appeared clinically normal. 
Common examples include head and neck cancer, breast 
cancer, melanoma, and tumors of the gastrointestinal tract. 
This practice was rooted in the observations by the German 
pathologist Rudolf L. K. Virchow (1821–1902) that lymph 
nodes filter particulate matter from lymph fluid and that 
cancer metastasizes via lymph ducts to such nodes [1]. 
These fundamental findings inspired the American surgeon 
William S. Halsted to develop the mastectomy with en bloc 
axillary lymph node dissection for breast cancer at the end 
of the nineteenth century [2]. Halsted’s concept was based 
on the notion that cancer generally metastasizes first to 
regional lymph nodes. These nodes act as filters that tempo-
rarily prevent further spread of cancer cells. This barrier 
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evolved into current practice
• To comprehend the physiologic principle on which 

lymphatic mapping is based
• To become familiar with the concept of lymphatic 

mapping
• To appreciate the technical challenges of the senti-

nel lymph node biopsy (SLNB)
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lymph node (SLN)
• To realize that there is no consensus on the defini-
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• To beware of other definitions

• To appreciate why some alternative definitions are 
associated with an increased risk of false-negative 
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creates a window of opportunity for radical local-regional 
surgery to cure the patient.

These general concepts eventually led to the current con-
cept of SLNB. The term “sentinel” lymph node was first 
mentioned in 1923 by the British surgeon Braithwaite, who 
studied lymph drainage. He dripped a blue dye onto the 
omentum and removed the lymph node to which the blue-
stained lymphatic drained and called this the “gland senti-
nel” [3]. In 1960, Gould et al. used the term SLN to describe 
a lymph node at the junction of the anterior and posterior 
facial veins [4]. In a study of parotid cancer, they found that 
this node was the first one to be involved when a parotid 
tumor spread, and they designated this node the SLN [1]. A 
radical lymph node neck dissection was performed if frozen 
section examination revealed metastatic disease in this 
node.

In the 1980s, work of Dr. Bernard Fisher and others 
appeared to refute Halsted’s postulation [5, 6]. They advo-
cated that cancer does not spread in an orderly fashion. The 
Fisher hypothesis indicates rather that lymph nodes and dis-
tant sites tend to become involved simultaneously and that 
lymph nodes are ineffective as barriers to further dissemina-
tion. As a result, lymph node metastasis was presumed to 
indicate that the disease had spread to various sites and that 
curative surgery was no longer an option.

Against the common opinion at that time, some surgeons 
held on to the Halstedian view. A few developed his con-
cept further in attempts to avoid the—in hindsight—often 
unnecessary, elective regional lymph node dissections that 
were routinely performed for various cancer types. The 
purpose was to identify and remove the lymph nodes that 
were the first to be involved, so that regional node dissec-
tion could be reserved for patients who really had metasta-
ses. This way, patients without lymph node metastases 
could be spared a full dissection. One of these surgeons was 
Ramon Cabañas from Paraguay, who had a special interest 
in penile cancer, a common tumor in his country. Squamous 
cell carcinoma of the penis tends to metastasize to lymph 
nodes but not to distant sites until at a late stage. In 1977, 
Cabañas found that penile cancer initially drains to a par-
ticular lymph node that is always at the same location in the 
groin and termed this node the SLN [7]. So, the node was 
defined by its constant anatomic position, which appears 
plausible for penile cancer, because the primary cancer is 
always situated in the exact same location, on the glans. 
However, the hypothesis that lymph drainage rigorously 
follows a pattern to a lymph node that is always in the exact 
same location did not hold. False-negative procedures 
occurred and urologists found that results with biopsy of 
this SLN were not reliable enough to make the technique 
routine clinical practice [8, 9].

In the late 1980s, the surgeon Donald L. Morton at the 
John Wayne Cancer Center in Santa Monica and his pathol-
ogist Alistair J. Cochran from the University of California, 

Los Angeles, took the SLN procedure a major step forward 
when they proposed the innovative concept of “lymphatic 
mapping with SLNB” for melanoma [10]. They suggested 
that a melanoma could drain to any lymph node in a par-
ticular lymph node field or even outside a nodal field, 
depending on the location of the primary lesion and with a 
certain individual variability. They developed a technique 
to identify and remove this lymph node after administration 
of patent blue dye at the tumor site. The dye is taken up by 
the lymphatic system. Delicate dissection of the afferent 
blue lymph duct guided Morton to the SLN (Fig.  6.1). 
Subsequently, lymphoscintigraphy was added to reliably 
identify the field to which the tumor drained and to indicate 
the number of SLNs actually present. The radiopharmaceu-
tical enabled an alternative technique to retrieve the SLN. 
Intraoperatively, the radioactivity was gauged with a 
gamma ray detection probe and guided the surgeon to it. 
The pathologist obtained multiple sections from the lymph 
node and used sensitive immunohistochemistry staining 
techniques to detect even minute deposits of malignant 
cells.

It has been demonstrated that the hypothesis of Morton 
and Cochran is correct and that lymphatic dissemination 
generally occurs in a sequential fashion [11, 12]. The SLN is 
indeed the first node to be involved and its tumor status 
reflects the status of the entire lymph node field.

Fig. 6.1 Blue afferent lymph channel with SLN

Key Learning Points
• Lymphatic mapping is based on the Halstedian 

principle, which entails that cancer generally metas-
tasizes first to regional lymph nodes. In the absence 
of metastases elsewhere, removal of affected lymph 
nodes cures the patient.

• Modern-day SLNB is based on the physiology of 
lymphatic drainage.
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6.2  Concept

Cancer cells that are shed from the primary tumor enter the 
lymphatic system with the excess of interstitial fluid. The 
fluid in the lymph vessels passes through a number of lymph 
nodes on the way to the upper chest, where the fluid is 
returned to the bloodstream. Lymph nodes act as filters that 
temporarily prevent further spread of cancer cells. As lymph 
node metastases commonly precede blood-borne metastases, 
this barrier creates a window of opportunity for radical local- 
regional surgery to cure the patient. In order to fully utilize 
this opportunity, lymph node involvement must be detected 
at the earliest possible stage.

The concept of lymphatic mapping is based on the 
notion that lymph fluid from a primary cancer drains 
through an afferent lymph vessel to at least one particular 
regional lymph node (Fig. 6.2). This is the SLN, also known 
as first-tier node or first-echelon node. From this lymph 
node, lymph fluid passes through efferent lymph vessels to 
other lymph nodes in the nodal field. When tumor cells 
spread, they will first lodge in the SLN. So, this is the node 
at greatest risk of harboring tumor cells. Other nodes down-
stream may subsequently become involved in a stepwise 
fashion.

Lymphatic mapping identifies and removes this SLN, and 
determines whether it contains metastatic disease. Knowledge 
of the tumor status of the lymph nodes facilitates informed 
decisions on completion of regional lymph node dissection 
to remove other potentially involved lymph nodes and on 
adjuvant systemic therapy.

6.3  Definition of a SLN

Morton et al. used the definition “a SLN is the initial lymph 
node upon which the primary tumor drains” [10]. The word 
“initial” was prone to misinterpretation. For instance, mul-
tiple lymph vessels may link the tumor to multiple nodes 
that may not necessarily light up simultaneously on the 
lymphoscintigrams, yet they all are directly at risk of 
receiving tumor cells. To avoid confusion, the definition 
was slightly modified to the following: “a SLN is any 
lymph node on the direct drainage pathway from the pri-
mary tumor.” This definition reflects the physiology of lym-
phatic drainage and the stepwise dissemination of cancer 
through the lymphatic system. This is the definition most 
experts adhere to.

6.4  Other Definitions

Later, the definition of a SLN being any lymph node on the 
direct drainage pathway was challenged [13–17]. Some 
investigators have come up with their own definitions (see 
Table  6.1) [18–21]. This development is understandable, 
since specialists from different fields are involved and each is 
addressing the concept from their own background and per-
spective. Also, lymphoscintigrams may be difficult to inter-
pret, as they tend to depict multiple lymph nodes and do not 
always clearly indicate the order of lymph drainage. 
Moreover, the surgical procedure can be challenging. SLNB 
requires a considerable ability to think in a three-dimensional 
fashion. The surgeon needs to translate the one-dimensional 
probe readings and the two-dimensional scintigrams into a 
three-dimensional image in his/her mind. Furthermore, when 
using the blue dye the stained lymphatic vessel that visually 

tumor SN

2nd

2nd

3rd

3rd

Fig. 6.2 The concept of lymphatic mapping is based on the notion that 
lymph fluid from a primary cancer drains to a particular regional lymph 
node. SN SLN, 2nd second-tier lymph node, 3rd third- tier lymph node

Table 6.1 Less appropriate definitions of a SLN

Lymph node closest to the primary lesion
First lymph node depicted on the lymphoscintigrams
Lymph node with the highest count rate
Any radioactive lymph node
Lymph node with a count rate that is a certain factor higher than the 
background or compared to non-SLNs
Lymph node with a count rate that exceeds a certain fraction of the 
hottest node
Any blue-stained lymph node

Key Learning Points
• Many cancers spread in a stepwise fashion through 

the lymphatic system.
• The SLN is the first lymph node to be involved with 

metastasis.

• The purpose of SLNB is to detect lymph node 
metastases at an early stage.

• SLNB is used to select patients who may benefit 
from completion lymph node dissection.

• SLNB is used to select patients who may benefit 
from adjuvant systemic therapy.

6 The Sentinel Lymph Node Concept
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guides the surgeon to the SLN is very fragile. It requires con-
siderable experience and finesse to dissect this delicate struc-
ture in a small, confined space, through a small incision, in a 
sometimes-deep lymph node field. For these reasons, some 
surgeons sought easier criteria to determine which lymph 
node(s) to remove in the situation that lymphoscintigraphy 
depicts multiple nodes.

Developing a more practical procedure using the defini-
tion that is based on the concept was problematic. Instead, 
the color of the node and its radioactivity were used as crite-
ria. In the process, some investigators changed the definition. 
Some defined the SLN as the lymph node closest to the pri-
mary lesion [22]. Oftentimes, the node closest to the tumor is 
indeed (the) one into which the lymph vessel from the tumor 
drains, but this is not always the case (Fig. 6.3). So, this anat-
omy-based definition does not take into account the physiol-
ogy of lymph drainage and the wrong lymph node could be 
removed.

Other investigators defined the SLN as the first lymph 
node that becomes visible on the lymphoscintigraphic 
images. It is inevitable that the first node that is depicted lies 
on a direct drainage pathway from the cancer and must be 
classified as SLN. However, this definition does not acknowl-
edge the facts that more lymph nodes than a single one can 
be on a direct drainage pathway and that there may be rea-
sons that prevent them from becoming visible simultane-
ously. For instance, there may be two lymph vessels 
originating in the tumor that drain upon different lymph 
nodes (Fig.  6.4). Sometimes, a single lymph duct divides 
into two channels going to separate lymph nodes (Fig. 6.5). 
Tumor cells may follow either route and both lymph nodes 
are at direct risk of being involved. Because the lymph flow 
speed may be quite different in the two channels, lymphos-
cintigraphy may visualize one lymph node before the other, 
but this does not imply that the other node need not be 
removed. All lymph nodes in direct drainage contact with the 
primary tumor are directly at risk of harboring tumor cells. 
All these first-tier lymph nodes should be harvested and 

examined by the pathologist. Therefore, the definition of the 
SLN being the first node to be visualized is too narrow; too 
few nodes are designated as SLN and metastases may be left 
unnoticed.

When lymphoscintigraphy shows multiple lymph nodes, 
some people considered only the brightest on the scintigrams 
or the one that yields the highest probe reading as SLN [21]. 
This definition of the “hottest” lymph node being the SLN 
has several drawbacks. Again, lymph can drain directly to 
multiple lymph nodes and one can collect more of the radio-
pharmaceutical than another (Fig. 6.6). The size of the lymph 
node is one parameter that determines the amount of radioac-
tivity that can be accumulated. Its location is also relevant; a 
superficial lymph node has a short distance to the gamma 
camera or the gamma ray detection probe. Such a lymph 
node yields more counts than a node that contains three times 
as much of the tracer but lies at twice the distance. Some of 
the radiopharmaceutical may pass through the first lymph 
node and move on to subsequent nodes. A large second-ech-
elon lymph node—or one with more active macrophages—

SN

Fig. 6.3 Alternative definition. The lymph node closest to the cancer is 
not necessarily directly at risk of receiving tumor cells

SN

SN

Fig. 6.4 Two lymph vessels originating in the tumor draining upon 
separate lymph nodes

SN

SN

Fig. 6.5 Lymph duct dividing into two channels leading to separate 
lymph nodes
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may accumulate more of the tracer than a small first-echelon 
lymph node (Fig. 6.7).

The amount of radiopharmaceutical that is accumulated 
by a lymph node depends on not only its position in the 
drainage order, but also the number of lymphatic channels 
that enter the node and parameters such as lymph flow 
speed. Another reason for a node to receive a sparse lymph 
supply is that the flow to that particular lymph node is 
hampered by metastatic disease obstructing its ingress 
(Fig.  6.8) [23]. So, there are a number of reasons not to 
classify a lymph node as a SLN based on its superior 
brightness on the scintigram or on the highest probe 
reading.

Certain surgeons relied on their gamma probe to find 
the SLN without preoperative imaging or use of a blue 
dye. They assumed that any radioactive node identified 
with the gamma ray detection probe is a SLN, and they 
defined a SLN as such. This point of view does not 
acknowledge the notion that some of the tracer fluid may 
pass through the first-tier lymph node and lodge in second-
ary nodes downstream that are not directly at risk of har-
boring metastatic disease. This definition is too liberal and 
too many lymph nodes may be removed as a result. One 
report indicated that up to 37 SLNs were to be removed 
from a single basin [24].

Another definition was based on the SLN- to- background 
count ratio. This definition also has shortcomings. Various 
factors determine the accumulation of the radiopharma-
ceutical in a lymph node, like type of tracer, size of the 
colloid particles if a radiocolloid is used and their surface 
features, size of the lymph node, metabolic activity of its 
macrophages, and lymph flow speed. The lymph flow 
speed fluctuates and depends on factors like physical exer-
cise, time of day, medication, massaging of the injection 
site, and hydration state of the patient. As a result, radioac-
tivity uptake in a lymph node to which the cancer drains is 
variable. In breast cancer patients, 95% of the SLNs are 
within an uptake range that varies from 0.001 to 2.5% of 
the injected radioactivity, and in melanoma patients this 
range is 0.06–3.6% [25]. Different surgeons used different 
sites for their background count reading to calculate the 
node-to-background ratio. Some surgeons obtained the 
background reading in the lymph node basin, and others 
used a location elsewhere in the body or even outside the 
body.

The SLN-to-non-SLN ratio was another parameter used 
to determine whether a lymph node is a SLN. This approach 
implies that one has to find a non-SLN first and then examine 
the other nodes with the probe to determine whether the des-
ignated count rate is reached. The node-to-hottest node ratio 
was yet another criterion. The approaches exploiting aspects 
of the radiopharmaceutical accumulation cannot be used in 
the 15–30% of the lymph nodes on a direct drainage pathway 
from a primary breast cancer that are not radioactive at all 
[26, 27]. One is left with the conclusion that the definition of 
a SLN cannot reliably be based on factors measurable with 
the gamma ray detection probe alone.

Some surgeons considered every lymph node that is 
stained blue to be a SLN. However, unlike the radioactive 
tracer, the blue dye is not retained by the macrophages in a 
lymph node. It just flows through and moves on to the next 
lymph node downstream. Rapidly, there will be a string of 
blue lymph nodes of which only the first one is directly at 
risk of containing tumor cells (Fig. 6.9).

In summary, all these alternative definitions may be cor-
rect most of the time, but they are not based on the physiol-

SN

SN

Fig. 6.6 Lymph fluid can drain directly to multiple lymph nodes and 
one may accumulate more of the radiopharmaceutical than another

SN

Fig. 6.7 A large second-echelon lymph node—or one with more active 
macrophages—may accumulate more of the radiopharmaceutical than 
a small first-echelon lymph node

SN

SN

Fig. 6.8 Lymph flow to SLN hampered by metastatic disease
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ogy of lymph drainage, nor on the biology of the disease and 
they all have their flaws [16]. The SLN is not always the 
node closest to the tumor. The SLN is not just the node that 
is depicted first on the images, neither is it necessarily the 
most radioactive node, nor a radioactive node per se, nor is it 
always a node that is a certain number of times more radioac-
tive or less radioactive than another node or compared to 
some other tissue. Not every SLN is blue, and not every blue 
node is a SLN.

In conclusion, the definition that a SLN is any lymph 
node that receives afferent lymphatic drainage directly 
from a primary tumor best reflects the route that the tumor 
cells travel and the concept of stepwise spread of cancer 
through the lymphatic system. However, this definition 
requires a meticulous technique of lymphoscintigraphy, a 
conscientious interpretation of the images, and a precise 
dissection of the afferent lymphatic ducts [28, 29]. In the 
occasional situation in which it is unclear whether a certain 
lymph node is a SLN or not, one should proceed and remove 
such a node.

6.5  Concluding Remarks

Lymphatic mapping exploits the notion that cancer generally 
metastasizes first to lymph nodes and later on to distant sites. 
A lymph node that receives lymphatic drainage directly from 
the primary tumor is a SLN. SLNB was devised to identify 
the lymph nodes that are directly at risk and to assess whether 
these are involved in an early phase. A multitude of other 
definitions is used to simplify the procedure, but these are 
less accurate.

Lymphatic mapping requires a concerted effort from 
nuclear medicine physician, surgeon, and pathologist. 
Lymphoscintigraphy visualizes the afferent lymph vessel(s) 
and the lymph node(s) receiving lymph fluid from the lesion 
site and tells the surgeon where to look and how many nodes 
to expect. The surgeon visualizes the physiology of lym-
phatic drainage using a dye and exploits the radioactivity 
trapped in the node. The pathologist examines the node in 
detail.

The procedure provides prognostic information and 
enables more accurate staging, which guides further man-
agement. This improves the chance of survival in patients 
with nodal involvement from penile cancer or melanoma 
[30, 31]. The morbidity of the procedure is limited. Many 
patients with breast cancer or vulvar cancer are spared an 
unnecessary lymph node dissection and more patients are 
identified who may benefit from adjuvant systemic therapy. 
After description of its success in patients with these dis-
eases, lymphatic mapping was quickly explored in other can-
cer types, as described in the subsequent chapters. One can 
conclude that lymphatic mapping with SLNB is one of the 
most interesting and important developments in clinical 
oncology in recent years and it fits in perfectly with the cur-
rent trend for more individualized and conservative surgery 
in patients with cancer.
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7.1  Introduction

SLNB is a diagnostic staging procedure which is routinely 
employed in the current clinical practice for decision-making 
in a variety of solid tumor types, above all breast cancer [1] and 
melanoma [2], in order to assess the tumoral involvement of 
lymph nodes not only for staging (parameter N of the TNM 
system) and prognostic stratification, but also for therapeutic 
purposes [3]. This procedure is part of the so-called radiogu-
ided surgery, a whole spectrum of nuclear medicine applica-
tions based on the combination of preoperative imaging, 
intraoperative detection, and postoperative techniques, involv-
ing close collaboration between at least three different special-
ties (nuclear medicine, surgery, pathology, and sometimes 
radiology and health physics as well) that have rapidly 
expanded over the last decades [4].

Originally introduced in the early 1990s, the SLN proce-
dure optimizes the detection of occult lymph node metasta-
ses in patients without clinical evidence of locoregional 
involvement. Histopathology of the SLNs so identified and 
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biopsy (SLNB) consisting of preoperative and 
intraoperative imaging

• To become familiar with the practical aspects of 
SLN mapping

• To understand the nuclear medicine issues involved 
in the mini-invasive surgical approach

• To become familiar with the main steps of intraop-
erative gamma camera imaging with real-time scin-
tigraphic imaging of the surgical field
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resected can distinguish macrometastases (>2 mm in size), 
micrometastases (between 0.2 and 2  mm), isolated tumor 
cells (malignant cell clusters <0.2 mm), or positive molecu-
lar analysis findings as specified in the eighth edition of the 
AJCC cancer staging manual [5]. This is possible because 
attention of the pathologist can now focus on much fewer 
lymph nodes than those normally retrieved during complete 
lymph node dissection of a given lymphatic station as cus-
tomarily done with conventional surgery, so that a more 
detailed histopathologic examination of the SLNs can be car-
ried out, using more histologic sections (to encompass virtu-
ally the entire lymph node) and more sensitive techniques 
(immunohistochemistry in addition to hematoxylin and 
eosin staining, and even molecular analysis) [5].

Radioguided surgical procedures are generally less inva-
sive and/or less aggressive than traditional surgical 
approaches. In the case of radioguided SLNB, instead of a 
total lymphadenectomy de novo (for example of the homo-
lateral axilla in breast cancer), patients undergo surgical 
removal of only one (or a few) lymph node(s), thus reducing 
both immediate and long-term postsurgical complications, 
such as lymphedema, motor/sensory nerve damage, and 
functional impairment of the shoulder/arm. This novel surgi-
cal strategy is based on the hypothesis that lymphatic drain-
age to a regional lymph node basin follows an orderly, 
predictable pattern, and on the function of lymph nodes on a 
direct drainage pathway as effective filters for tumor cells. 
This leads us to consider as SLNs all lymph nodes with 
direct drainage from the primary tumor.

The presence or absence of metastasis in the SLNs has a 
significant impact on therapeutic strategy. In fact, in 
patients with early cancer, if the SLN does not contain 
metastasis, the surgical approach should aim at removing 
the primary tumor avoiding unnecessary regional node dis-
section. The likelihood that non-SLNs contain metastasis 
when the SLN is free from tumor cells is extremely low, 
thus making extensive lymph node dissection unnecessary 
in this circumstance. Instead, patients whose SLN contains 
metastasis usually require dissection of regional lymph 
nodes. However there is increasing evidence that lymph 
node dissection can be avoided when the tumor burden in 
the SLNs is minimal or moderate, such as in particular con-
ditions of early breast cancer [3]. These patients can be 
managed with different therapeutic strategies, without dif-
ferences in terms of prognosis than patients treated with 
axillary dissection. In any case, the SLN status remains a 
crucial step for the choice of the most appropriate therapeu-
tic strategy [6].

Imaging is made possible by tumoral or peritumoral inter-
stitial administration of a radiopharmaceutical that drains 
from the injection site through the lymphatic system, and then 
selectively accumulates by phagocytosis into the macro-
phages of the SLNs, with consequent prolonged retention. 

Colloid particles labeled with 99mTc are currently used for this 
purpose. The general term “colloid” indicates a class of mac-
romolecules of micellar size varying in size between about 
5 and 1000 nm (0.005–1 μm), with similar physicochemical 
and biological patterns. The speed of lymphatic drainage 
from the site of interstitial injection and the amount retained 
in the SLN depend mainly on the size of the radiocolloids, 
which may be either an inorganic substance (198Au-colloid, 
99mTc-antimony sulfur, 99mTc-sulfur colloid, 99mTc-stannous 
fluoride, 99mTc-rhenium sulfur) or derived from biological 
substances (99mTc-labeled nano- or micro- colloidal human 
serum albumin). Small-size radiocolloids (smaller than about 
100 nm) migrate quite fast from the injection site through the 
lymphatic system, but they are not efficiently retained in the 
SLN. On the other hand, larger size radiocolloids are retained 
more efficiently in the SLN, but their migration from the 
interstitial administration site is slower.

99mTc-albumin nanocolloid (that has a quite narrow range 
of particle size, with over 90% of the particles being smaller 
than 80  nm) is commercially available and most widely 
employed in Europe, while 99mTc-sulfur colloid (with a wide 
range of particle size between about 20 and 400  nm) is 
widely employed in the USA.

A novel non-colloidal tracer has recently been introduced 
in the clinical practice, 99mTc-tilmanocept. This receptor- 
targeted radiopharmaceutical consists of a small-sized mac-
romolecule (average diameter 7 nm) of a dextran backbone 
with multiple units of DTPA (for labeling with 99mTc) and 
mannose residues, each covalently attached to the dextran 
backbone. The uptake mechanism of this radiopharmaceuti-
cal in lymph nodes does not depend on the particle size but 
on avid binding to the CD206 receptors for mannose 
expressed on the surface of macrophages and dendritic cells 
in lymph nodes [7].

The advantages of this novel radiopharmaceutical include 
rapid clearance from the injection site, high SLN extraction, 
and high SLN retention, with consequent low migration to 
second-echelon lymph nodes [7, 8].

More recently the hybrid radioactive and fluorescent 
tracer ICG-99mTc-nanocolloid has been extensively vali-
dated in various malignancies [9]. This bimodal tracer 
enables preoperative lymphatic mapping thanks to its 
radioactive component adding intraoperative high resolu-
tion based on its fluorescence component. Due to a similar 
distribution in comparison with 99mTc-nanocolloid both 
time schedule and imaging protocol with the hybrid tracer 
remain unchanged [10].

Lymphoscintigraphy, a mandatory preoperative step of 
the entire SLNB procedure [11], is normally performed with 
conventional gamma cameras. When the gamma camera is 
combined with a CT component to constitute a hybrid 
SPECT/CT tomograph, the fused images so obtained are 
highly useful [12], especially in case of complex anatomical 
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regions and/or in case of unusual lymphatic drainage pat-
terns (Fig. 7.1). In fact, hybrid images provide to the surgeon 
a morphologic and functional roadmap (CT component and 
SPECT component, respectively) for planning the SLNB 
procedure with minimal surgical access and operating time.

For immediate decision-making during surgery, intraop-
erative exploration of the surgical field is performed with the 
widely validated procedure based on the so-called handheld 
gamma probe. While this instrumentation produces a 
 numerical readout and an acoustic signal proportional to 
radioactivity accumulation as a guide in the surgical field, 
the recently developed portable gamma cameras enable real- 
time scintigraphic imaging of the surgical field. All these 
instrumentations allow selective identification of the SLNs 
to be removed by the surgeon and analyzed by the patholo-
gist. This interaction between technologies and medical dis-
ciplines permits to continuously refine the methodology and 
to improve the outcomes of radioguided surgery.

7.2  Preoperative Imaging

Lymphoscintigraphy is generally performed in the afternoon 
of the day preceding surgery if the operation is scheduled in 
the early morning, or on the same day 4–6 h prior to surgery, 
depending on logistics of the institution. For same-day pro-

Fig. 7.1 Example of post-processing elaboration of SPECT/CT images. 
In both cases layers of the tegument have been focally “removed/can-
celed” asymmetrically between the two sides of the body so as to show 
the underlying anatomy. (a) Lymphoscintigraphy for SLN mapping in a 
patient with breast cancer, clearly showing migration of 99mTc-nanocol-

loid both to an axillary SLNs and to an internal mammary chain SLN. 
(b) Lymphoscintigraphy for SLN mapping in a patient with melanoma at 
the right flank, clearly showing migration of 99mTc- nanocolloid both to 
SLN in the right groin and to a SLN in the retroperitoneal area of the 
abdomen

Key Learning Points
• SLNB is a diagnostic staging procedure that is 

applied in a variety of tumor types with the aim to 
determine the tumor status of the SLNs.

• Histopathology of the SLNs so identified and 
resected can distinguish macrometastases (>2 mm 
in size), micrometastases (between 0.2 and 2 mm), 

isolated tumor cells (malignant cell clusters 
<0.2 mm), or positive molecular analysis findings.

• The interactions between different medical disci-
plines permit to improve the outcomes of radiogu-
ided surgery during SLNB.

• Radioguided surgical procedures are generally less 
invasive and/or less aggressive than traditional sur-
gical approaches.

• The presence or absence of metastasis in the SLN 
has a significant impact on therapeutic strategy.

• Imaging is made possible by tumoral or peritu-
moral interstitial administration of a radiopharma-
ceutical that drains from the injection site through 
the lymphatic system, and then selectively accu-
mulates by phagocytosis into the macrophages of 
the SLNs.

• The radiopharmaceuticals most frequently 
employed for SLNB are 99mTc-sulfur colloid, 99mTc-
albumin nanocolloid, and 99mTc-tilmanocept.
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cedures, a smaller activity of radiocolloid is generally admin-
istered (at least 15–20  MBq) compared to the two-day 
procedure (at least 37–74 MBq).

The gamma camera energy selection peak is centered on 
the 140 keV of 99mTc (with ±10% window), and the use of 
high-resolution collimator(s) and of a 256 × 256 acquisition 
matrix is preferred; a pinhole collimator may occasionally be 
used to improve spatial resolution.

While dynamic acquisition is needed especially when a 
fast lymphatic drainage is expected (head and neck, mela-
noma, penile, testis, or vulvar cancers), it can nevertheless 
provide relevant information for identifying the actual SLNs 
(versus higher echelon nodes) also in the case of other 
malignancies, particularly breast cancer. Concerning in par-
ticular breast cancer, the patient is positioned supine with 
her arms raised above the head, and the collimator is placed 
as close as possible to the axillary region. Anterior, anterior- 
oblique, and lateral images are acquired. A 57Co flood source 
can be positioned beneath the patient’s body in order to 
obtain some reference anatomic landmarks in the scinti-
graphic image (Figs.  7.2 and 7.3). Alternatively, the body 
contour can be identified by moving a 57Co or 99mTc point 

source along the patient’s body during scintigraphic acquisi-
tion (Fig. 7.4).

Besides SLN identification, lymphoscintigraphy is also 
useful to identify other possible unusual paths of lymphatic 
draining, such as the internal mammary chain or even intra-
mammary, interpectoral, or infraclavicular lymph nodes in 
case of breast cancer [11] (Fig. 7.5), or in case of additional 
SLNs in areas of deep lymphatic drainage such as the pelvis, 
abdomen, or mediastinum. Especially in these cases, SPECT/
CT imaging is important since it directly demonstrates ana-
tomical localization of SLNs and obviates the problem of 
identifying anatomic landmarks as a reference for topo-
graphic intraoperative location of the SLNs [12–14]. 
Moreover, SPECT/CT imaging is highly recommended to 
localize SLNs in areas with complex anatomy and a high 
number of lymph nodes (such as the head and neck) and/or 
in case of absent visualization of SLN at planar imaging. In 
this occurrence, it is only SPECT/CT imaging that can allow 
SLN identification; in fact, due to the correction for tissue 
attenuation SPECT/CT imaging is more sensitive than planar 
imaging and is generally particularly useful in obese patients 
(Fig. 7.6).

Fig. 7.2 Upper panels: planar scintigraphy (with flood phantom for 
body contour, see further below) obtained in a breast cancer patient 
about 30 min after injecting 99mTc-nanocolloidal albumin intratumor-
ally (a). Besides intense radioactivity remaining at the injection site, 
left image shows migration of the radiocolloid to axillary SLNs and to 
the internal mammary chain area. Central image (b) was taken 2 h later, 
using a lead plate to cover the injection site. Axillary hot spots are 
clearly depicted, as well as the hot spot in left parasternal area. Right 

image (c) shows a 3D volume rendering displaying the SLNs: two in 
left axilla and one (arrow) in the third left intercostal space. Lower pan-
els show overlay of the freehand SPECT 3D image on the intraoperative 
video image of the same patient, for easier anatomical correlation. 
Panel (d) shows the axilla with visualization of lymph nodes. Panel  
(e) shows the display of internal mammary node. Panel (f) shows intra-
operative visualization of the SLN in the left axilla when gamma probe 
is 19 mm away
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However, SPECT/CT imaging does not replace planar 
lymphoscintigraphy, but it must rather be considered as a 
complementary imaging modality. In fact, contrary to 
SPECT/CT, planar lymphoscintigraphy allows to mark the 
cutaneous projection of the SLN with a dermographic pen, in 
order to help the surgeon to localize the site for the best sur-
gical access. In current protocols SPECT/CT imaging is per-
formed following delayed planar imaging (mostly 2–4  h 
after radiocolloid administration). This sequence of acquisi-
tions is helpful to clarify the role of both modalities. 
Sequential planar acquisitions allow better visualization of 
the routes of lymphatic drainage. Dynamic planar acquisi-
tion usually consists of sets of serial frames (generally 
1–5 min each) or sequential sets of static images in the preset 
count mode (generally 300,000–500,000 counts) acquired 
starting immediately after radiocolloid injection and up to 
clear scintigraphic visualization of the lymphatic routes and 
SLNs.

Multiplanar reconstruction enables two-dimensional display 
of fusion images in relation to CT and SPECT, and the use of 
cross-reference lines allowing the navigation between axial, cor-
onal, and sagittal views. At the same time this tool leads to cor-
relate radioactive SLNs seen on fused SPECT/CT with lymph 
nodes seen on CT (Fig. 7.7a, b). This information is helpful dur-
ing the intraoperative procedure, as well as to assess complete-
ness of excision—using portable gamma cameras or probes.

Fused SPECT/CT images can also be displayed using 
maximum intensity projection reconstruction. This tool 
enables three-dimensional display, and improves anatomical 
localization of SLNs (Fig. 7.7c).

When using volume rendering for three-dimensional 
display, different colors are assigned to anatomical struc-
tures such as muscle, bone, and skin. This leads to identify-
ing of better anatomical reference points and incorporating 
of an additional dimension in the recognition of SLNs 
(Fig. 7.7d).

Fig. 7.3 Planar lymphoscintigraphy of breast cancer patient obtained 
between 20 and 30  min after injecting about 111  MBq of 99mTc- 
nanocolloidal albumin peri-areolarly in a patient with cancer of left 
breast. Upper row shows anterior projection, central row depicts oblique 
view, and lower row shows lateral projection. Images were taken using 
a lead circle to cover the injection site. All images were acquired using 
a single-head gamma camera and a high-resolution, low-energy colli-
mator (acquisition time 2 min). The 99mTc flood phantom placed oppo-
site to the gamma camera head produces the body contour delineation. 
While two axillary SLNs are visualized in the anterior and oblique pro-
jection, three nodes are visualized in the lateral projection

Fig. 7.4 Body contour delineation obtained by moving a 57Co point 
source along the body of the patient during acquisition of the planar 
scintigraphic images. In this patient with cancer of the right breast, 
99mTc-nanocolloidal albumin was injected peri-areolarly. Images 
acquired in the anterior projection (upper panel), right anterior oblique 
projection (central panel), and right lateral view (lower panel) visualize 
migration of the radiocolloid through a lymphatic channel to a single 
SLN in the axilla
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Fig. 7.5 Added value of SPECT/CT imaging in two different patients 
in whom planar scintigraphy shows focal uptake in the retroclavicular 
area; the patients had cancer located in the right breast (a) and in the left 
breast (d), respectively. Fused axial SPECT/CT sections (b and e), 

showing the location of the two SLNs between the pectoral muscles. 
These SLNs correspond to two single lymph nodes in the CT images (c 
and f, yellow circle), respectively

Fig. 7.6 Example of lymphatic drainage to the contralateral axilla in a 
patient with breast cancer. Anterior (a) and left lateral (b) planar images 
showing no drainage from the site of intratumoral radiocolloid injection 
in the left breast (body contour obtained with a flood source placed 
beneath the patient’s body). By contrast, on the fused axial SPECT/CT 

image a SLN is clearly visualized at the border of the right pectoral 
muscle (c), corresponding to a single lymph node on the CT image (d, 
yellow circle). This SLN is displayed using 3D volume rendering for a 
better anatomical recognition in the anterior (e) and in the right ante-
rior-oblique views (f)
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7.3  Intraoperative Gamma Probe 
Guidance

The gamma probe is used to count radioactivity in the surgi-
cal field intraoperatively, without producing any scinti-
graphic image but yielding both a numerical readout and an 
audible signal, which is proportional to the counting rate.

The detector is usually of limited size, basically a long 
narrow cylinder with diameter of 10–18  mm, sometimes 
slightly angled in order to allow easier handling within the 
surgical field. The gamma probe can be utilized in the 

Fig. 7.7 (a) Fused axial SPECT/CT section obtained during lymphos-
cintigraphy in a patient with breast cancer, showing two SLNs, respec-
tively, in the left internal mammary chain and in the left axilla; the 
yellow circle in (b) corresponds to a small lymph node seen on axial 
CT. (c) Fused coronal SPECT/CT displayed as maximum intensity pro-

jection (MIP), showing a SLN in the left axilla and an internal mam-
mary chain SLN in the second left intercostal space. (d) SPECT/CT 
with volume rendering for 3D display, showing the two SLNs, respec-
tively, in the left internal mammary chain and in the left axilla with their 
anatomic localizations with reference to muscles and bones

Key Learning Points
• Lymphoscintigraphy is a mandatory preoperative 

step of the SLNB procedure and it is normally 
 performed with conventional gamma  
cameras.

• Added SPECT/CT images improve SLN detection 
by providing anatomical landmarks, especially 
regions with complex and/or unusual lymphatic 
drainage patterns.
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 surgical field because it is made of a material that can be steril-
ized (usually metal), or it can simply be covered with a steril-
ized wrapping (such as those used for intraoperative ultrasound 
probes). Through the digital readout and acoustic signal, the 
gamma probe enables the surgeon to precisely localize areas 
of maximum radioactivity accumulation, thus guiding identifi-
cation and removal of the target tissue [15, 16].

The commercially available gamma probes can be divided 
into crystal scintillation and semiconductor probes. Further 
technical features of the probe vary depending upon whether 
the radiopharmaceuticals are labeled with 99mTc or other 
radionuclides, including positron-emitting radiopharmaceu-
ticals [17–19].

The probe is connected to a small control unit, equipped 
with a portable laptop or tablet, usually with a flexible cable 
that may also be covered with sterilized wrapping; Bluetooth- 
based connections have now become available, permitting 
easier use of the entire instrument in the operating room. 
Energy window for detection/counting is usually around 
140  Kev (for 99mTc-labeled radiopharmaceuticals), but can 
vary depending on the radionuclide employed. At the same 
time the unit usually emits an audible signal, the pitch/tone 
of which varies proportionally to the counting rates. The 
acoustic signal helps the surgeon to explore the surgical field 
without looking at the control unit display.

Sensitivity (counting rate per unit of radioactivity), energy 
resolution (ability to detect “true” counts arising in the target 
versus secondary scattered radiation), spatial resolution 
(ability to identify very close radioactive sources as distinct 
from each other), and linearity of counting (it relates to the 
dead time) are the most important parameters of the probe in 

detecting radiation. Therefore, the main important tasks of a 
probe include sufficient sensitivity (to identify a weakly 
active SLN when attenuated by, typically, up to 5 cm of soft 
tissue), and energy and spatial resolution (to discriminate 
activity of a certain energy within the SLN from that origi-
nating from other sites).

More recently, with the development of PET techniques, 
intraoperative probes specifically designed to detect the 
high-energy photons originated by the annihilation process 
have become commercially available, thus making it possi-
ble to use radioguidance also with PET radiopharmaceuti-
cals [20–22].

Nevertheless, major advantages of the whole process of 
SLN mapping in both the preoperative and the intraoperative 
phases have been made possible by the use of SPECT/CT 
and/or intraoperative imaging probes, providing a set of 
anatomo-topographic information that guides resection 
through the optimal surgical access according to the princi-
ple of least invasive surgery [23, 24]. As exemplified in 
Fig.  7.8, this approach is especially useful when planning 
surgery in complex anatomical regions such as the head and 
neck or the pelvis [25–31].

Just before starting surgery and with the patient already 
positioned on the operating table, the gamma probe is ini-
tially utilized to scan the SLN basin(s) and/or any other 
region where radiocolloid accumulation has been visualized, 
in order to confirm correct identification of the SLNs. Using 
the images and skin markings as guides, the probe (placed 
over the regions of highest counts) can be used to select the 
optimum location for incision. After incision, the probe is 
then introduced through the surgical field to explore the 

Fig. 7.8 (a) Planar anterior image showing lymphatic drainage to both 
sides, seemingly to groin lymph nodes (single SLN indicated by arrow 
on the left side) in a patient with penile cancer. (b, c) SPECT/CT with 
volume rendering for 3D display, respectively, in the anterior view and 

in a cranial view (in the latter, the bottom side corresponds to the ante-
rior side of the body). (d) Fused axial SPECT/CT section showing ana-
tomic localization of three of the lymph nodes (two on the right and one 
on the left) at different depths in the pelvis
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expected localization of the SLNs, which are usually easily 
identified by acoustic signal thanks to high target/back-
ground count rates. After removing the radioactive lymph 
nodes, the operative field is explored again with the gamma 
probe, assessing any residual radioactivity to confirm 
removal of the hot node(s). If necessary, the search must con-
tinue for possible further radioactive lymph nodes. The SLN 
and any other nodes so identified are then sent for complete 
histopathologic analysis.

Counts are recorded per unit time with the probe in the 
operative field, over the node before excision (in vivo) and 
after excision (ex vivo). A background tissue count is also 
recorded with the probe pointing away from the injection 
site, nodal activity, or other physiologic accumulations (i.e., 
liver) [32].

In breast cancer, once the learning phase of SLNB has 
been completed, the success rate of lymphoscintigraphy and 
intraoperative gamma probe counting in identifying SLNs is 
higher than 96–97% in experienced centers. This value is 
greater than that commonly experienced using blue dye 
alone (75–80%), while combining radioguidance with the 
blue dye leads to a 98–99% success rate in SLN identifica-
tion [33]. The blue dye can be injected around the primary 
tumor or scar (in a similar way as the radiocolloid was 
injected) 10–20 min prior to the operation. Administration 
should be performed after the patient is anesthetized, to 
avoid a painful injection. Within 5–15 min the SLN is col-
ored. Currently, the most commonly used dyes are patent 
blue V, isosulfan blue, and methylene blue. The additional 
value of dyes may be observed in cases with macrometasta-
sis in the SLN. In fact, such SLN involvement may inhibit 
radiocolloid accumulation, if tumor cells have replaced most 
of the normal lymph node tissue [34]. In these cases a new 
first draining node is seen (Fig. 7.9) that can result in a false- 
negative finding [26]. To decrease false-negative results, the 
open axilla should be palpated and suspicious lymph nodes 

harvested, even if they are neither hot nor blue. In cases of 
non-visualization or if the SLN is located outside the lower 
medial part of the axilla, palpation of the typical SLN area is 
particularly important [32, 35].

A notable disadvantage of using blue dyes instead of 
radiotracers is that blue dyes are not helpful when extra- 
axillary nodes (internal mammary or supraclavicular) are to 
be evaluated [36, 37].

7.4  Intraoperative and Multimodality 
Imaging

Currently, the trend of surgery is towards adopting mini-
mally invasive approaches for a growing spectrum of proce-
dures. This includes oncological surgery, as it implies much 
faster postsurgical recovery of patients. For optimally plan-
ning and performing these approaches, the most crucial issue 
is accurate preoperative characterization of the surgical strat-
egy, which is achieved through diagnostic imaging. In this 
regard, maximum benefit for the success of minimally inva-
sive surgery derives from integration of anatomical (e.g., 
CT) and metabolic/functional imaging, the latter being typi-
cally provided by nuclear medicine procedures. These fea-
tures contribute to a better characterization of the lesion to be 

Key Learning Points
• Intraoperative exploration of the surgical field is 

performed with the widely validated procedure 
based on the so-called handheld gamma probe.

• This instrumentation produces a numerical readout 
and an acoustic signal proportional to radioactivity 
accumulation, as a guide in the surgical field for 
SLN detection and localization.

Fig. 7.8 (continued)
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removed, and in many cases enable subsequent intraopera-
tive guidance through the use of devices especially designed 
for this use [38, 39].

Over the last decade, intraoperative imaging probes have 
become commercially available for clinical practice, and the 
use of such handheld portable gamma cameras is increasing. 
By providing real-time imaging with a global overview of all 
radioactive hot spots in the whole surgical field [40], intraop-
erative imaging with portable gamma cameras can be used 
either during open surgery or during laparoscopic proce-
dures; the information so gained can be combined with data 
obtained with conventional or laparoscopic gamma probe 
counting [41, 42].

Information provided by these devices can be combined 
with those ones obtained preoperatively by lymphoscintigra-
phy or SPECT/CT. Using the anatomic landmarks provided 
by SPECT/CT images, the portable device can be oriented to 
surgical targets in the operating room [43]. No delay has to 
elapse between image acquisition and display (real-time 
imaging), with the possibility of continuous monitoring and 
spatial orientation on the screen. Real-time quantification of 
the count rates recorded should also be displayed.

The development of such cameras is shown in Fig. 7.10. 
While the earliest devices were heavy handheld devices, the 
new generation of such equipment includes portable gamma 
cameras that are lighter, or equipped with stable support 
systems.

Among the products commercially available, one of the 
most used devices is equipped with a CsI(Na) scintillation 
crystal and different collimators (pinhole collimators, 2.5 
and 4 mm in diameters, and divergent). The pinhole collima-
tor enables to visualize the whole surgical field (depending 
on the distance between the camera and the source). The 
field of view varies between 4 cm × 4 cm at 3 cm from the 
source and 20 cm × 20 cm at 15 cm from the source. This 
device has been integrated in a mobile and an ergonomic 
support that is easily adjustable. The imaging head is located 
on one arm that allows optimal positioning on the specific 
area to be explored.

Another approach is based on the use of CdZnTe detec-
tors. For instance, the detector is made of a single tile of 
CdZnTe, patterned in an array of 16 × 16 pixels at a pitch of 
2 mm. The head is equipped with a series of interchangeable 
parallel-hole collimators to achieve different performances 

Fig. 7.9 Upper panels: (a) planar anterior view acquired in a patient 
with melanoma located in the back of the right torso, showing lym-
phatic drainage to both axillae, as better demonstrated by SPECT/CT 
with volume rendering for 3D display, respectively, in the anterior and 
in the right oblique view (b and c). Lower panels: fused axial SPECT/
CT section at two different levels, showing the location of radioactive 
lymph nodes, respectively, in the left axilla (d) and in the right axilla (f). 

The corresponding CT sections show that the hot lymph node in the left 
axilla corresponds to a normal-sized node (yellow circle in panel e), 
while in the right axilla the hot lymph node (of approximately normal 
size) is located posterior to a grossly enlarged, most likely metastatic 
lymph node not visualized by lymphoscintigraphy (yellow circle in 
panel g)
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in terms of spatial resolution and/or sensitivity. The field of 
view is 3.2 cm × 3.2 cm and the weight is 800 g [44].

A further development is represented by an intraoperative 
gamma camera that is still based on the CdZnTe pixel tech-
nology, and has originally been developed for breast  imaging. 
The field of view is 13 cm × 13 cm and the intrinsic spatial 
resolution is 2 mm. This camera is also equipped with inter-
changeable parallel-hole collimators and is integrated in a 
workstand articulated arm.

However, since non-imaging probes are still the standard 
equipment for detection of radiolabeled tissue in the operat-
ing room, the role of intraoperative imaging is generally lim-
ited, at least so far, to constitute an additional aid to the 
surgeon to identify the SLN. Some authors have assessed the 
added value of portable gamma camera in clinical practice. 
The usefulness of the portable gamma cameras in breast can-

cer patients is being established in the following conditions: 
(a) when no conventional gamma camera is available, (b) in 
particular cases with difficult drainage or extra-axillary 
drainage (intramammary and internal mammary chain 
nodes) [45], (c) in case of only faint lymph nodal radiocol-
loid uptake, (d) when the SLN is located very close to the 
injection site, or (e) in case of significant photon emission 
and scatter from the injection site. In fact, the position of the 
portable gamma camera can be moved and adjusted in such 
a manner so as to acquire special-angle views in order to also 
show SLNs near the injection area.

The use of an intraoperative imaging device implies 
the possibility to monitor the lymphatic basin before and 
after removal of the hot nodes, to verify completeness of 
lymph node excision [46] (Fig. 7.11). After excision of 
each lymph node, a new image is acquired and compared 

Fig. 7.10 Example of portable gamma cameras. Left panel: light-
weight portable gamma camera (less than 1 kg), without support sys-
tem. Right panel: recent-generation portable gamma camera with 

improved ergonometry and adequate and stable support system for 
intraoperative use; this unit incorporates a laser pointer to center the 
image and adjust the scanning procedure
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with the image acquired before excision (Fig.  7.12). If 
focal radioactivity remains at the same location, it is 
concluded that another possible SLN is still in place. 
Thus, the use of a portable gamma camera in addition to 
the gamma probe is important to provide certainty on 
whether all SLNs have been adequately removed 
(Fig. 7.13) [47].

In the operation room, the gamma camera can be placed 
above the previously marked SLN locations using some 
external point sources (like 133Ba, 153Gd, or 125I); alternatively, 

in some gamma cameras a laser pointer is fitted to the device. 
In those devices where a laser pointer is included, it is dis-
played as a red cross over the patient’s skin. The position of 
this red cross is visible on the computer screen of the 
equipment.

During surgery, an initial 30–60-s image is acquired with 
the gamma camera to assess the surgical field and validate 
SLN uptake. This time can be longer when the lymph nodes 
are depicted as areas with faint focal uptake. After incision, 
if there is any difficulty in finding the precise location of the 

Fig. 7.11 Preoperative images 
in a 42-year-old patient with a 
T1 cancer in her left breast.  
(a) 3D reconstruction image 
after processing SPECT/CT 
data. (b) A scintigraphic 
anterior view is acquired by 
placing the portable gamma 
camera in previously marked 
points on the skin (inner 
mammary chain, see laser 
cross pointers). (c) The 
portable gamma camera can be 
placed in different positions to 
better depict the lymph nodes; 
in this picture it is tilted in an 
oblique view.  
(d) Visualization of an inner 
mammary chain lymph node, 
with partial vision of the 
injection site (image 
corresponding to the position 
of the gamma camera as in 
panel b). (e) Visualization of 
an axillary lymph node 
depicted with the gamma 
camera positioned as in panel c
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Fig. 7.12 (a) 
Lymphoscintigraphic image 
acquired with a conventional, 
large-field-of-view gamma 
camera 2 h after intratumoral 
injection of 111 MBq of 
99mTc-nanocoll in a 57-year- 
old patient with breast cancer 
in her left upper outer 
quadrant; at least one axillary 
SLN is clearly depicted 
(yellow circle).  
(b) The same image without 
lead shielding of the injection 
site shows similar 
radiocolloid distribution.  
(c) Operating room image 
obtained with a portable 
gamma camera prior to 
starting the SLN procedure, 
confirming similar findings 
(yellow arrow). (d) Image 
obtained with the portable 
gamma camera after 
completing radioguided SLN 
excision, showing no residual 
activity except the 
intratumoral injection site. 
The use of the portable 
gamma camera, in addition to 
the handheld, non-imaging 
gamma probe, was especially 
useful to confirm the 
completeness of SLN removal

Fig. 7.13 Utility of the portable gamma camera during surgery for the 
certainty of SLN resection. Radiotracer uptake displayed on gamma 
camera (a), corresponding to the node depicted in the axillary area (yel-
low arrow) on the 3D volume-rendering reconstruction of a breast can-
cer patient with lymphatic drainage to axilla and inner mammary chain 

(b). Parasternal SLN (red arrow) is depicted with the gamma camera as 
well (c). Preoperative image of the axilla shows a highly active SLN 
(d). Image after axillary node retrieval informs about the absence of 
other significant tracer uptake (e). Similar approach in the internal 
mammary chain SLN (f, g)
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Key Learning Points
• Portable gamma cameras enable real-time scinti-

graphic imaging of the surgical field and helps in 
SLN identification and verification of completeness 
of SLN excision.

• Products commercially available support different 
technologies such as CsI(Na) scintillating crystal, 
CdZnTe detectors, and combinations of spatial local-
ization system and tracking targets fixed on a con-
ventional handheld gamma probe, the latter resulting 
in new 3D visualization of the surgical field.

• During surgery, an initial fast image is acquired 
with the portable gamma camera to assess the surgi-
cal field and validate SLN uptake; after the incision, 
a second image is acquired to confirm complete 
resection of radioactive lymph nodes.

• Combining current radiopharmaceuticals with other 
agents, such as fluorescent agents, opens new fields 
to explore different compounds for SLN identifica-
tion and removal.

Fig. 7.13 (continued)

SLN using the gamma probe, another 30–120-s image, 
depending on the level of lymph node uptake, is acquired 
using the portable gamma camera.

The use of the external point sources facilitates SLN 
localization, as these sources can be depicted separately on 
the screen of the portable gamma camera, thus functioning 
as a pointer in the search for the nodes. The matching of two 
signals (99mTc signal and 153Gd, 133Ba, or 125I pointer signals) 
indicates the correct location of the SLNs. This location is 
then checked using the gamma probe. After SLN retrieval, 
another set of images is acquired to ascertain the absence of 
the previously visualized SLNs, or to ascertain the presence 
of remaining radioactive nodes (additional SLNs or second- 
tier nodes, see Fig. 7.14).

Thanks to novel technological possibilities, combining 
a spatial localization system and two tracking targets to be 
fixed on a conventional, handheld gamma probe results in 
new 3D visualization of the traditional acoustic signal of 
the gamma probe. This feature, together with the real-time 
information on depth that the system may provide, would 
expand the applications of radioguided SLNB in oncology, 
particularly for malignancies with deep lymphatic drain-
age [48, 49]. In this regard, the most interesting develop-
ment in radioguided surgery is the so-called system 
free-hand SPECT, in which a continuous positioning sys-
tem installed in the operating room is based on a fix point-
ing device, on the patient’s body, and, respectively, on the 
handheld gamma counting probe, thus permitting a virtual 
reconstruction in a 3D environment. Position of the gamma 
probe relative to the fix device is tracked by infrared posi-
tioning technology, and the output of the intraoperative 
gamma probe is spatially  co- registered in the surgical field 
(depicted by a video camera) and displayed on a monitor 
in which the surgeon can easily check location and depth 
of the foci of radioactivity accumulation to be resected. 
This 3D information may be further used for precise local-
ization and targeting of the radioactive SLNs and of tumor 
tissue, thus implementing a radioguided navigation sys-
tem. The device can ensure permanent assistance and 
transparent documentation of soft-tissue removal during 
the intervention (Figs. 7.15 and 7.16).

On the other hand, the possibility of combining the cur-
rent radiopharmaceuticals with other agents opens new fields 
to explore. In this regard, a radiolabeled nanocolloid agent 
has been combined with ICG, a fluorescent agent, for SLN 
detection in robot-assisted lymphadenectomy [50].

In contrast to the use of a single-fluorescent agent [51, 52], 
this bimodal tracer may allow the surgeons to integrate the 
standard approach based on radioguided detection with a por-
table gamma camera with a new optical modality based on 
fluorescent signal detection. This approach is being 
 successfully applied in various malignancies (Fig. 7.17) [53], 
since the hybrid approach (ICG-99mTc-nanocolloid) provides 
the ability to perform radioguidance and enhance it by fluo-
rescence imaging of the exact same features. This results in a 
further refinement of the surgical SLN identification, e.g., the 
ability to surgically identify SLNs in close proximity to the 
injection site. The synergistic approach also yields enhanced 
intraoperative SLN identification/retrieval rates.
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Fig. 7.14 Portable gamma camera intraoperative approach. The 
device is placed over the interest area in the most convenient way (a). 
A red cross shows the central position of image on the gamma cam-
era’s screen (b). This feature allows a better comprehension and 
awareness about the potential SLNs on the surgical field (c). Lower 

row: Laparoscopic approach. The portable gamma camera is posi-
tioned over abdominal wall to continuously assess the tracer uptake 
(d). Usual uptake in a SLN close to the common iliac vein (green 
circle; e). This node was clearly located in that area and subsequently 
removed (f)

Fig. 7.15 (a) Positioning of the tracking device positioned on the 
patient’s body for radioguided SLNB in a patient with penile cancer 
(same patient as in Fig.  7.8). (b) 3D volume- rendering SPECT/CT, 
showing the pattern of lymphatic drainage in a patient with penile can-
cer (approximate position of the tracking device on the patient’s body is 

also indicated in the yellow circle). (c) Tracking device attached to a 
gamma probe in order to generate freehand SPECT data. (d) By inte-
grating preoperative SPECT/CT data it is possible to overlay the gener-
ated 3D image to the patient’s body with simultaneous display of the 
SLNs on the right side of the pelvis
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Fig. 7.16 Free-hand SPECT system used for radioguided occult lesion 
localization (ROLL) in a patient with non-palpable breast cancer. (a) 
Surgical approach for ROLL; the tracking device positioned on the 
patient’s body is visible on the left. (b, c) Overlay of freehand SPECT 

3D images on the video displays, with the red arrow in panel C indicat-
ing the site of the tumor. (d) Completion of lumpectomy guided by the 
freehand SPECT-based system

Fig. 7.15 (continued)
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8.1  Introduction

Since the introduction of the SLN procedure, lymphoscintig-
raphy has constituted an essential component for the preop-
erative SLN identification in melanoma and breast cancer 
patients.

With the integration of spiral CT scanners with the mod-
ern large-field-of-view gamma cameras, SPECT/CT 
became possible in the first decennium of this century with 
increasing popularity in clinical practice and in the medical 
literature. In the same period SPECT/CT was incorporated 
in the SLN procedure combining the functional informa-
tion from SPECT with the morphological CT imaging by 
applying both techniques simultaneously in one session. 
The resulting SPECT/CT fused images can depict SLNs in 
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Learning Objectives
• To acquire basic knowledge about the role of 

nuclear medicine imaging in the sentinel lymph 
node (SLN) procedure

• To understand the role of lymphoscintigraphy in 
incorporating time sequential aspects to differenti-
ate SLNs from higher echelon nodes

• To learn when it is necessary to acquire SPECT/CT 
imaging and how these images can be used to localize 
SLNs in an anatomical environment

• To preoperatively identify SLNs and to learn how 
this information can be transferred to surgeons for 
the intraoperative procedure

• To learn basic knowledge about imaging report gen-
eration combining lymphoscintigraphy and SPECT/
CT imaging

• To become familiar with the role of SPECT/CT 
imaging and of its CT component in the SLN 
procedure

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-45296-4_8&domain=pdf
https://doi.org/10.1007/978-3-030-45296-4_8#DOI
mailto:R.A.Valdes_Olmos@lumc.nl


172

their anatomical environment, thus generating a helpful 
roadmap to be used by surgeons in the operating room. In 
the early years of validation of SPECT/CT imaging in the 
SLN procedure, its use was limited to melanoma and breast 
cancer patients with unusual or complex drainage. This is 
the case in melanomas of the neck or the upper part of the 
trunk, and in breast cancer patients with drainage outside 
the axilla. SPECT/CT has also been found to be useful in 
visualizing SLNs in the axilla when lymph nodes are not 
depicted on planar images [1]. In areas such as the pelvis, 
retroperitoneum and upper abdomen for gynaecological, 
urological and gastrointestinal malignancies, SPECT/CT is 
becoming essential to localize SLNs.

Due to the increasing role of SPECT/CT imaging, the 
evaluation of this modality in relation to planar lymphoscin-
tigraphy for SLN detection and localization is necessary. On 
the other hand, the preoperative anatomical information 
obtained by SPECT/CT is currently essential for generating 
roadmaps for SLN procedures in the operation room, leading 
at the same time to a more effective use of portable devices 
for SLN localization [2].

8.2  The Clinical Problem

The SLN procedure is based on the hypothesis of an orderly 
and predictable pattern of lymphatic drainage to a regional 
lymph node basin, and on the functioning of lymph nodes on 
a direct drainage pathway as effective filters for tumour cells 
[3]. This leads to considering as SLNs all lymph nodes with 
direct drainage from the primary tumour. In this respect, the 
most important contribution of nuclear medicine is to iden-
tify SLNs based on the mapping of lymphatic drainage. This 
is accomplished by sequential lymphoscintigraphy including 
images acquired immediately after tracer injection as well as 
delayed images in order to distinguish between SLNs receiv-
ing lymph directly from the primary lesion from second-tier 
lymph nodes—receiving the tracer in a later phase. A subse-
quent SPECT/CT acquisition helps to confirm the identifica-
tion of SLNs and also provides anatomical landmarks for 
surgeons to plan skin incision and to recognize SLN location 
during the surgical act. This approach of “see and open” can 
be considered a logical complement of the above-mentioned 
modern SLN concept initially developed by Morton [4].

Another important notion is that the SLN procedure is a 
multidisciplinary modality based on the combination of pre-
operative imaging, intraoperative detection and refined histo-
pathological analysis. For preoperative imaging, colloid 
particles labelled with 99mTc are currently used. Radioactive 
colloid particles are incorporated into the macrophages by 
phagocytosis, thus enabling prolonged lymph node reten-
tion. This leads to an adequate detection window enabling 
not only delayed planar images and SPECT/CT, but also 

intraoperative SLN localization using portable devices based 
on gamma ray detection.

Furthermore, the SLN procedure aims at detecting lymph 
node metastases in patients without clinical evidence of 
regional metastasis [5]. An adequate preoperative selection 
can currently identify patients with palpable lymph nodes at 
clinical examination, suspected lymph nodes at ultrasound or 
CT or tumour-positive lymph nodes at cytological aspiration. 
In clinical practice this leads to considering the SLN biopsy 
as a procedure principally oriented to the detection of sub-
clinical metastasis. For practical reasons, this category 
mainly includes small macrometastases (>2 mm and <5 mm), 
micrometastases (>0.2 mm and <2 mm) and submicrometas-
tases (<0.2  mm). This approach originally designed for 
breast cancer has gradually been incorporated in other malig-
nancies [6].

8.3  Image Generation with SPECT/CT

Use of SPECT/CT in this scenario is principally oriented to 
the anatomical localization of SLNs. This is the principal 
reason why SPECT/CT is acquired using a low-dose CT. The 
use of a diagnostic high-dose CT, with or without intrave-
nous contrast, is not necessary because the SLN procedure 
primarily aims to detect subclinical metastasis in non- 
enlarged lymph nodes.

Key Learning Points
• Based on the hypothesis of an orderly and predict-

able pattern of lymphatic drainage to a regional 
lymph node basin, and on the functioning of lymph 
nodes on a direct drainage pathway as effective fil-
ters for tumour cells, all lymph nodes receiving 
direct radiocolloid drainage from the primary 
tumour-related injection are considered SLNs.

• The SLN procedure is a multidisciplinary modality 
based on the combination of preoperative imaging, 
intraoperative detection and refined histopathologi-
cal analysis.

• Radioactive colloid particles reaching the SLNs 
are incorporated into the macrophages by phagocy-
tosis, thus enabling prolonged lymph node reten-
tion and imaging with lymphoscintigraphy and 
SPECT/CT.

• The SLN procedure is oriented to the detection of 
subclinical lymph node metastases which include 
small macrometastases (>2  mm and <5  mm), 
micrometastases (>0.2 mm and <2 mm) and submi-
crometastases (<0.2 mm).

R. A. Valdés Olmos and S. Vidal-Sicart



173

However, for SLN localization the CT component of 
SPECT/CT must be able to provide optimal anatomical 
information. SPECT/CT has evolved from the original 
devices based on a low-end slow CT scanner to a second 
generation of SPECT/CT gamma cameras that include an 
improved fast high-end CT component. This modern equip-
ment enables the simultaneous evaluation of the lymph nodes 
corresponding to the radioactive nodes on fused SPECT/CT 
images with a low-dose CT (40 mAs). For superficial areas 
such as the groin and the axilla, slices of at least 5 mm are 
recommended. For more complex anatomical areas (head 
and neck, pelvis, abdomen), 2 mm slices may be necessary. 
With this approach, SPECT/CT imaging can accurately 
localize SLNs in relation to the vascular and muscular struc-
tures in deep anatomical areas.

The CT component is also used to correct the SPECT sig-
nal for tissue attenuation and scattering. After these correc-
tions, SPECT is fused with CT [7]. A grey scale is used to 
display the morphology (anatomy) in the background image 
(CT), whereas a colour scale is used to display the SLN in 
the foreground anatomic image (SPECT).

The display of SPECT/CT is similar to that of conven-
tional tomography. Multiplanar reconstruction (MPR) 
enables two-dimensional display of fusion images in rela-
tion to CT and SPECT.  The use of cross-reference lines 
allows the navigation between axial, coronal and sagittal 
views. At the same time, this tool facilitates the correlation 
of radioactive SLNs seen on fused SPECT/CT with lymph 
nodes identified on CT.  This information may be helpful 
for the intraoperative procedure and the post-excision con-
trol using portable gamma cameras or handheld gamma 
probes.

Fused SPECT/CT images may also be displayed using 
maximum intensity projection (MIP). MIP is a specific 
type of rendering in which the brightest voxels are pro-
jected into a three-dimensional image, thus allowing 
improved anatomical SLN localization and recognition by 
the surgeon. One limitation of MIP is that the presence of 
other high- attenuation voxels on CT may obscure the rec-
ognition of the vasculature and of other anatomical struc-
tures. Another limitation is that the MIP display is a 
two-dimensional representation that cannot accurately 
depict the actual anatomical correlates with the vessels and 
other structures [8].

When using volume rendering for three-dimensional dis-
play, different colours are assigned to anatomical structures 
such as vessels, muscle, bone and skin. This leads to obtain-
ing of better anatomical reference points and to incorporat-
ing of an additional dimension in the recognition of SLNs. 
By incorporating a colour display, volume rendering 
improves visualization of complex anatomy and of 3D rela-
tionships (Fig. 8.1).

8.4  General Indications for SPECT/CT 
Imaging

Indications for SPECT/CT imaging in the SLN procedure 
depend on the type of malignancy and on the complexity of 
lymphatic drainage. They will also depend on the criteria 
adopted by surgeons and nuclear physicians in different hos-
pitals. In general, indications for SPECT/CT in the SLN pro-
cedure are as follows:

 1. Detection of SLNs in cases without visualization or with 
poor visualization on planar imaging [9] (Fig. 8.2): Due 
to the correction for tissue attenuation, SPECT/CT is usu-
ally more sensitive than planar imaging and may be par-
ticularly useful in obese patients.

 2. Localization of SLNs in areas with complex anatomy and 
a high number of lymph nodes, such as the head and neck 
or in cases with unexpected lymphatic drainage (e.g. 
between the pectoral muscles, internal mammary chain, 
level II or III of the axilla, in the vicinity of the scapula) 
at planar imaging: Examples of unexpected patterns of 
lymphatic drainage in patients with various cancers are 
shown in Figs. 8.3, 8.4 and 8.5.

 3. Anatomical localization and detection of additional SLNs 
in areas of deep lymphatic drainage, such as the pelvis 
(Fig. 8.6), abdomen or mediastinum [10].

Key Learning Points
• Since SPECT/CT imaging is principally oriented to 

the localization of SLNs, its CT component must be 
able to provide optimal anatomical information.

• After correction for tissue attenuation and scatter-
ing, SPECT is fused with CT using a grey scale to 
display the morphology in the background image 
(CT) and with a colour scale for SLNs in the fore-
ground image (SPECT).

• Multiplanar reconstruction (MPR) enables two- 
dimensional display of SPECT/CT fusion images 
in relation to separate CT and SPECT. The use of 
cross-reference lines allows the navigation 
between axial, coronal and sagittal views, thus 
facilitating the correlation of radioactive SLNs 
seen on fused images with lymph nodes identified 
on CT.

• When using volume rendering for 3D SPECT/CT 
display, the different colours assigned to anatomical 
structures such as vessels, muscle, bone and skin 
enable an adequate recognition of the vasculature 
and of other anatomical structures.

8 SPECT/CT Image Generation and Criteria for Sentinel Lymph Node Mapping
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8.5  Comprehensive Interpretation 
of Preoperative SLN Imaging

SPECT/CT imaging does not replace planar lymphoscintig-
raphy, but should rather be considered as a complementary 
modality. In fact, SPECT/CT is intended to anatomically 
localize SLNs already visualized on planar imaging, although 
in some cases SPECT/CT can detect additional SLNs. In 
order to better understand the combined use of planar lym-
phoscintigraphy and SPECT/CT imaging, it is necessary to 
elucidate some issues [11]. First of all, by acquiring early 
and delayed planar images lymphoscintigraphy can identify 
SLNs in most cases. In current protocols, SPECT/CT is 
acquired following delayed planar imaging (mostly 2–3  h 
after radiocolloid administration). This sequential acquisi-
tion helps to clarify the role of both modalities. However, it 

is necessary to specify the criteria for SLN identification on 
preoperative images. Major criteria to identify lymph nodes 
as SLNs are (1) the visualization of lymphatic ducts, (2) the 
time of appearance, (3) the lymph node basin and (4) the 
intensity of lymph node uptake [12]. Following these crite-
ria, visualized radioactive lymph nodes may be classified as 
follows:

 1. Definitely SLNs: This category includes all lymph nodes 
draining from the site of the primary tumour through their 
own lymphatic vessel, or a single radioactive lymph node 
in a lymph node basin [4, 11, 13].

 2. Highly probable SLNs: This category includes lymph 
nodes appearing between the injection site and a first 
draining node, or nodes with increasing uptake appearing 
in other lymph node stations.

Fig. 8.1 A 51-year-old 
woman with a non-palpable 
T1 carcinoma in the medial 
lower quadrant of the left 
breast. SPECT/CT performed 
3 h after ultrasound-guided 
intratumoural injection of 
121 MBq 99mTc-nanocolloid. 
The use of maximum 
intensity projection (MIP) 
generated for the area 
between the green lines (a) 
enables a better anatomical 
recognition of an internal 
mammary SLN at the first 
intercostal space (b). Volume 
rendering (c) allows a 3D 
display of the SLN and the 
tumour site in relation to the 
anatomical structures
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 3. Less probable SLNs: All higher echelon nodes (in trunk 
and extremities) or lower echelon nodes (head and neck) 
may be included in this category.

An example of lymph nodes visualized at lymphoscintig-
raphy with different degrees of probability to actually be 
SLNs is shown in Fig. 8.7.

Early planar images are essential to identify the first 
draining lymph nodes as SLNs by visualization of lymphatic 

ducts. These nodes (category 1) can be distinguished from 
secondary lymph nodes (category 3), mostly appearing on 
delayed planar images.

In other cases a single lymph node is seen in early and/or 
delayed images. This lymph node is also considered as a 
definite SLN (category 1). However, in some cases SPECT/
CT can detect additional lymph nodes in other basins. These 
nodes can be considered as definitely (category 1) or highly 
probable SLNs (category 2). Less frequently, a radioactive 

Fig. 8.2 A 79-year-old man 
with a 1.6 Breslow melanoma 
on the left in the back. The 
lateral planar image (c), 
performed after injection of 
80 MBq 99mTc-nanocolloid, 
shows drainage to the left 
axilla, with visualization of 
various lymphatic ducts and 
nodes. Volume rendering (a) 
also depicts additional lymph 
nodes in the vicinity of the 
injection site. These 
additional SLNs are localized 
in subcutaneous fat and in the 
muscle, as seen on axial 
SPECT/CT and CT (b, d, e, 
f). All SLNs were tumour free 
at histopathology

8 SPECT/CT Image Generation and Criteria for Sentinel Lymph Node Mapping
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Fig. 8.3 A 42-year-old 
woman with recurring breast 
cancer in the upper inner 
quadrant of the left breast. 
Eight years earlier the patient 
had been treated with 
mastectomy and left axillary 
dissection due to a T1N1 
breast carcinoma. SPECT/CT 
was performed 3 h after 
intratumoural injection of 
114 MBq 99mTc-nanocolloid. 
Orthogonal multiplanar 
reconstruction (MPR) and use 
of cross-reference lines, as 
shown in SPECT/CT and CT 
axial images, facilitate the 
localization of an internal 
mammary SLN on the right 
(a, b). Volume rendering (c) 
allows a 3D display of the 
contralateral drainage, with 
the SLN at the first intercostal 
space on the right. 
Radiocolloid accumulation 
into the tumour recurrence is 
seen in the vicinity of the 
prosthesis in the left breast on 
axial SPECT/CT (d) and CT 
(e)
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Fig. 8.4 A 60-year-old man 
with a T1 carcinoma of the 
right border of the tongue. 
Lymphoscintigraphy and 
SPECT/CT performed after 
injection of 84 MBq 
99mTc-nanocolloid divided 
into four aliquots injected 
around the tumour. Early 
planar anterior image (a) 
shows bilateral drainage to 
both sides of the neck, with 
visualization of two lymph 
nodes with an own lymphatic 
duct. These two nodes are 
considered as definitively 
SLNs. A third lymph node 
seen in the vicinity of the 
injection on the left is also 
considered as a SLN, due to 
its location in a different 
basin. Delayed planar 
imaging (b) shows no other 
additional nodes. On volume 
rendering (c) and axial 
SPECT/CT fusion images (d, 
e), these SLNs, free of tumour 
at histopathology, are 
localized in levels II and III 
on the left and level III on the 
right

8 SPECT/CT Image Generation and Criteria for Sentinel Lymph Node Mapping
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Fig. 8.5 A 15-year-old 
woman with a 1.9 Breslow 
melanoma in the periscapular 
area of the back on the right. 
A total activity of 67 MBq 
99mTc-nanocolloid was 
administered. Volume 
rendering (a) and planar 
anterior image (b) depict 
drainage to both axillae and to 
the left supraclavicular area. 
The supraclavicular SLN is 
also seen on axial SPECT/CT 
and CT (c, d). Note that 
volume rendering is able to 
depict the supraclavicular 
node in a 3D context allowing 
spatial recognition
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lymph node may appear between the injection site and a first 
draining node; its increasing uptake can confirm this node as 
a highly probable SLN (category 2) and it helps to differenti-
ate this lymph node from prolonged valve activity in a lym-
phatic duct.

8.6  SPECT/CT as a Roadmap 
for Intraoperative SLN Detection

The use of the scintigraphic categories defined above to char-
acterize radioactive lymph nodes also contributes to surgical 
decision-making. Lymph nodes of the first two categories 
(definitely SLN or highly probable SLN) are the nodes rec-
ognized by the nuclear physician and subsequently marked 

on skin, or indicated in SPECT/CT key images. These SLNs 
must be removed in the operation room by the surgeon. Less 
probable SLNs may sometimes be removed, depending on 
the degree of remaining radioactivity measured by the 
gamma probe or the portable gamma camera during the con-
trol of the excision fossa [14].

Another important issue is the need to correlate findings 
of fused SPECT/CT with those of CT. In many cases radio-
active SLNs correspond to single lymph nodes. However, in 
some cases a single radioactive focus on SPECT/CT corre-
sponds to a cluster of lymph nodes on CT (Fig. 8.8). This 
preoperative information may lead to a careful post-excision 
control after removal of the first radioactive nodes by the sur-
geon, particularly for areas such as the pelvis and head and 
neck [14].

The continuous display of SPECT/CT images on screen 
in the operation room can help the surgeons in their intraop-
erative search, by identifying anatomical structures adjacent 
to the SLN. In the future, the incorporation of co-registered 
SPEC/CT to 3D navigation devices will probably improve 
these features even more.

The use of volume rendering for 3D display enables to 
assign different colours to different anatomical structures 
such as muscle, bone and skin. This configuration offers a 
multidimensional roadmap to the surgeon and facilitates 
interpretation of the SPECT/CT images.

8.7  Imaging Report Combining Planar 
Lymphoscintigraphy and SPECT/CT

Specific practical guidelines to generate imaging report in 
the SLN procedure have been recently described for oral 
cavity cancer [15]. This approach is applicable to all SLN 

Fig. 8.6 A 59-year-old man with a 1.4 mm Breslow melanoma in the 
left lower area of the back. SPECT/CT performed 2 h after injection of 
79  MBq 99mTc-nanocolloid. Volume rendering displayed with cranial 
tilt (a) is able to differentiate inguinal SLNs from iliac second-echelon 

lymph nodes in a 3D context. On the axial SPECT/CT fusion image (b) 
two of the lymph nodes are also displayed. SLNs of the groin were 
tumour free at histopathology

Key Learning Points
• Preoperative lymphoscintigraphy provides time 

sequential aspects to differentiate SLNs from higher 
echelon nodes.

• SPECT/CT imaging is essential to localize SLNs in 
relation to anatomical landmarks (blood vessels, 
muscles, surgical levels).

• SPECT/CT has an added value particularly when 
planar scintigraphy fails to adequately visualize the 
lymphatic drainage pathways.

• Different visual criteria categorizing radioactive 
lymph nodes as definitely, high-probable and less 
probable SLNs must be considered in order to iden-
tify which lymph nodes should be removed to maxi-
mize the likelihood of harvesting the “true” SLN 
for pathology analysis.

8 SPECT/CT Image Generation and Criteria for Sentinel Lymph Node Mapping
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procedures and includes the description of each component 
of the lymphatic mapping procedure incorporating the 
above-mentioned criteria (Fig. 8.9).

For dynamic studies it is necessary to define and describe:

 (a) Lymphatic ducts directly draining from the injection site 
to lymph nodes

 (b) Bilateral or unilateral drainage

For early and delayed static images:

 (a) Number and intensity uptake of first-echelon lymph 
nodes

 (b) Number of second-echelon lymph nodes
 (c) Additional lymph nodes appearing on delayed images in 

other basins

Fig. 8.7 A 64-year-old 
patient with a T2 carcinoma 
in the central area of the right 
breast. After intratumoural 
injection of 120 MBq 
99mTc-nanocolloid, early 
drainage to the internal 
mammary chain is observed 
on planar imaging (a); the 
most caudal lymph node is 
considered as definitively a 
SLN. However, on delayed 
planar imaging (b) another 
lymph node in the internal 
mammary shows increasing 
uptake; this lymph node is 
considered as high-probable 
SLN. In volume-rendering (c) 
and axial SPECT/CT fusion 
images (d–f) the most cranial 
node of the internal mammary 
chain is identified as a 
mediastinal lymph node (e). 
This leads to considering the 
lymph node of the 
infraclavicular basin, seen in 
delayed planar image and 
SPECT/CT, also as a SLN
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Fig. 8.8 An 84-year-old man 
with a 3 mm Breslow 
melanoma of the right cheek. 
SPECT/CT performed 2 h 
after injection of 77 MBq 
99mTc-nanocolloid. Volume 
rendering (a) shows a 
radioactive node in level II of 
the neck, with drainage from 
the injection site through an 
own lymphatic vessel. In axial 
SPECT/CT fusion images (b) 
the radioactive node 
corresponds to a cluster of 
small lymph nodes on CT (c)

8 SPECT/CT Image Generation and Criteria for Sentinel Lymph Node Mapping
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For SPECT/CT imaging:

 (a) Identification of additional SLNs
 (b) Localization of SLNs with description of lymph node 

stations and reference to anatomical landmarks (vessels 
and muscles): Correlating fused SPECT/CT with CT 
images, the likelihood of a nodal cluster behind a single 
hot spot must be indicated

 (c) Localization in reference to surgical levels (e.g. head and 
neck, axilla, groin) or lymph node groups (e.g. pelvis, 
abdomen, mediastinum)

 (d) Secondary findings on low-dose non-enhanced CT 
including enlarged lymph nodes, cluster of lymph nodes, 
incidental findings and other abnormalities

The conclusion of the report must include:

• Number, uptake intensity and anatomical localization of 
SLNs in relation to lymph nodal groups and surgical level

• Order of appearance of lymph nodes
• Cutaneous marking with description of the localization of 

the SLNs

• SPECT/CT labelling based on anatomical landmarks 
including SLN location in reference to vessels and 
muscles

• Volume-rendered SPECT/CT images
• Second-echelon lymph nodes considered as low- 

probability SLNs

Selected key images to be uploaded to the PACS (or 
printed if PACS is not readily available to the multidisci-
plinary team) include dynamic, static and 3D SPECT/CT 
images, in which the SLNs are indicated.

Fig. 8.9 Schematic generation of the report including a summary of 
key aspects for SLN mapping. For planar lymphoscintigraphy (on the 
left) examples of drainage patterns to both sides of the neck for oral 
cavity cancer (top), right axilla for melanoma of the flank (middle) and 
groin for right leg (bottom) are shown. On SPECT/CT displayed with 

volume rendering (on the right) anatomical SLN localization in neck 
for oral cavity cancer (top), both axillae for melanoma of the upper part 
of the back (middle), bilateral in pelvis for prostate cancer (middle) and 
right popliteal area for leg melanoma (bottom) is illustrated

Key Learning Points
• For the dynamic part of lymphoscintigraphy, 

describe if drainage is unilateral or bilateral and 
whether lymphatic ducts directly drain from the 
injection site to lymph nodes.

• For the static images of lymphoscintigraphy, indi-
cate both the number and intensity uptake of first- 
echelon lymph nodes as well as the number of 
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second-echelon nodes and the possible appearance 
of additional SLNs on delayed images in other 
basins.

• For SPECT/CT indicate (additional) SLNs in rela-
tion to anatomical landmarks (vessels and 
muscles).

• Localize SLNs on SPECT/CT in relation to surgical 
levels (e.g. head/neck, axilla, groin) or lymph node 
groups (e.g. pelvis, abdomen, mediastinum).

• Correlate SPECT/CT with low-dose CT images to 
characterize (sentinel) lymph nodes and to estimate 
the likelihood of a nodal cluster behind a single hot 
spot.

• Select key images indicating the SLNs to upload in 
PACS (or printed if PACS is not readily available to 
the multidisciplinary team) including dynamic, 
static and 3D SPECT/CT images.

• Cutaneous marking with description of the localiza-
tion of the SLNs will maximize the likelihood of 
harvesting the “true” SLN for pathology analysis.

8 SPECT/CT Image Generation and Criteria for Sentinel Lymph Node Mapping
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Learning Objectives
• To understand the pathophysiologic basis of the sen-

tinel lymph node (SLN) concept in breast cancer
• To acquire basic knowledge on the lymphatic drainage 

routes in the breast and draining lymph node stations
• To become familiar with the lymphoscintigraphy 

procedure in breast cancer patients concerning 

radiotracer type, injection procedure, and lymphatic 
mapping acquisition, including the indications and 
advantages of SPECT/CT

• To understand the differences between superficial 
and deep tumor-related injections including advan-
tages, limitations, and consequences

• To become familiar with the intraoperative aspects 
of radioguided SLN localization procedure inside 
and outside the axilla aided by the use of the hand-
held gamma-detecting probe

• To gain knowledge on the advantages of intraopera-
tive usage of portable gamma cameras

• To become familiar with the clinical indications for 
sentinel lymph node biopsy (SLNB) in breast can-
cer patients

• To become aware of the benefits and risks of the 
SLNB procedure in other, controversial clinical 
situations

• To understand the pros and cons concerning the 
treatment of the internal mammary chain if involved, 
related to clinical outcome
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9.1  Introduction

Axillary lymph node status still is a major prognostic factor 
in early-stage breast cancer, providing information that is 
important for tailoring postsurgical treatment [1, 2].

Since imaging techniques have limited sensitivity for 
detecting metastases in axillary lymph nodes, the axilla 
must be explored surgically. Histology of all resected nodes 
at the time of axillary lymph node dissection (ALND) has 
traditionally been thought to be the most accurate method 
for assessing metastatic spread of disease to the locore-
gional lymph nodes. However, the anatomic disruption 
caused by ALND may result in lymphedema, nerve injury, 
shoulder dysfunction, and other short-term and long-term 
complications that may compromise function and quality 
of life.

SLNB is a less invasive method of assessing nodal 
involvement [3]. The concept of the SLN is intimately 
embedded in the notion that, as a consequence of the orderly 
pattern of lymph flow, metastatic spread of solid tumors 
through the lymphatic route follows a predictable pattern [4]. 
According to this concept, early systematic studies in breast 
cancer patients [5, 6] have suggested that the use of SLNB 
can be reliably performed in selected patients with early-
stage breast cancer by a carefully trained multidisciplinary 
team (surgeon, pathologist, nuclear physician), thus reducing 
the need for ALND and avoiding the associated morbidity 
[6]. While nowadays the SLNB procedure is considered 
“standard of care” in patients with early-stage breast cancer 
without cytologically or histologically proven axillary lymph 
node metastases, controversy remains concerning its use in 
patients with ductal carcinoma in situ (DCIS), in patients 
with large or multifocal/multicentric tumors, in recurrent 
disease, and in the neoadjuvant setting.

With the implementation of SLNB, not only the technique 
itself but also the histologic processing and SLNB-based 
management of the axilla have evolved over time, resulting 
in a paradigm shift in patient management [7, 8]. In contrast 
to the axilla, the importance of treatment of the internal 
mammary nodes (IMNs) is still a highly debated issue [9]. 

Recent guidelines and reviews have updated the field, which 
encompasses a growing body of literature dealing with sev-
eral aspects of the procedure, from technical modalities to 
immediate and long-term clinical implications [9–13].

9.2  The Clinical Problem

ALND has been an integral part of the management of breast 
cancer since Halsted described the radical mastectomy in the 
1890s [14]. This operation was designed to achieve locore-
gional control in women with large locally advanced tumors 
metastatic to the axillary lymph nodes. Since then, breast 
cancer is detected earlier, with smaller tumors and less nodal 
involvement [15]. Since Halsted’s time, operations on the 
breast itself have become less radical. Radical mastectomy 
was replaced by modified radical mastectomy, which in turn 
has been largely replaced by lumpectomy in patients with 
early breast cancer. Despite the revolution in surgery on the 
breast itself, ALND continued largely unchanged until the 
1990s, when SLNB was first introduced [16].

Accurate lymph node staging is essential for both progno-
sis and treatment in patients with breast cancer. Axillary 
nodal status is the most important predictor of overall sur-
vival, and control of the axilla remains essential to patient 
well-being. Axillary dissection, however, is associated with a 
number of significant morbidities and complications such as 
seroma, infection, decreased range of motion, axillary web 
syndrome, shoulder pain, paresthesias, and lymphedema 
[17].

The SLNB procedure was introduced as a means of accu-
rately identifying axillary metastases by removing only a 
few lymph nodes, usually one or two, and avoiding the com-
plications and morbidity of ALND. The rate and severity of 
complications such as lymphedema and sensory loss are 
markedly less after SLNB compared to ALND (2% versus 
13% and 12% versus 44%, respectively), while patients are 
dealing with less adverse effects in terms of range of motion, 
quality of life, and resumption of normal activities of daily 
life after surgery [8, 18].

Numerous prospective single-institutional and multi-
center randomized controlled studies have shown the accu-
racy and safety of SLNB in early breast cancer [6, 19, 20]. 
With the increasing use of neoadjuvant chemotherapeutic 
agents in order to preserve the breast in patients with locally 
advanced cancer, a new, highly debated issue is the appropri-
ate timing of the SLNB, pre- or post-neoadjuvant chemo-
therapy [21].

SLNB has radically changed the management of the axilla 
for patients with early breast cancer. After more than a cen-
tury, axillary management has finally changed to a less mor-
bid and less radical approach. Patients have far fewer 
complications after SLNB alone than they do after ALND, 

• To understand the advantages and limitations of 
the SLNB procedure when applied before or 
after treatment in patients pretreated with che-
motherapy and to gain knowledge on how to 
improve the accuracy of the procedure in these 
situations

• To become familiar with the management strategies 
of the axilla, related to the result of the SLN 
procedure
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and quality of life and time missed from the activities of 
daily living are markedly improved with this less radical 
operation.

9.3  Lymphatic Drainage of the Breast

9.3.1  Lymphatic System of the Breast

Anatomical knowledge of the breast lymphatics is primarily 
derived from the work of Sappey in the 1850s. Sappey identified 
two groups of lymphatic vessels with extensive interconnec-
tions: one group draining the superficial aspect of the breast, 
primarily the skin and subcutaneous tissue, while a deep lym-
phatic vessel group draining the gland itself to a subareolar 

plexus, which in turn drains to the axilla [22]. Subsequent and 
more contemporary studies of breast lymphatics involved not 
only postmortem injections, but also metastatic routes and, 
more recently, lymphangiography and lymphoscintigraphy. 
Suami and coworkers investigated the lymph drainage of the 
breast in cadavers and found no evidence of a centripetal lym-
phatic pathway to a subareolar plexus; instead, their study 
showed that different areas of the breast frequently drained to 
different lymph nodes [23]. This finding has been supported by 
clinical studies involving  lymphoscintigraphy using tumor-
related injections (see below) [24–26].

9.3.2  Draining Lymph Node Stations

The breast drains to lymph nodes at different sites. Most of 
the breast lymph drains to the axilla. A subareolar plexus- 
related injection will not identify sites of metastases outside 
the axilla. In fact, a subareolar plexus-related injection rarely 
identifies lymphatic drainage to the internal mammary, para-
sternal, or intramammary lymph nodes. Posterior to the 
breast parenchyma itself is a second plexus in the retromam-
mary space, which drains not only to the axilla, but also to 
the internal mammary chain as well as to the intercostal and 
diaphragmatic lymph nodes. Drainage to the internal mam-
mary basin occurs in 20% of patients after intratumoral or 
peritumoral radiocolloid injection. Other unusually located 
SLNs are also seen in a non-negligible fraction of patients: 
intramammary (pre-pectoral) in 6%, inter- pectoral in 2%, 
and infraclavicular (axilla level III) in 3% [27]. There is 
overlap of drainage areas and extensive anastomoses of the 
lymphatics of the breast [28]. In each quadrant, a breast can-
cer may drain to SLNs in various locations [24] (Fig. 9.1). 
When drainage to the internal mammary chain occurs, most 

Key Learning Points
• Axillary nodal status is the most important predic-

tor of overall survival.
• Accurate lymph node staging is essential for both 

prognosis and treatment in patients with breast 
cancer.

• Axillary lymph node dissection is associated with 
significant morbidity and complications.

• The SLNB procedure can accurately identify axil-
lary metastases while avoiding the complications 
and morbidity of axillary dissection.

• SLNB has radically altered the management of the 
axilla for patients with early breast cancer with 
fewer complications and better quality of life than 
ALND.

Fig. 9.1 Lymphatic drainage 
from the untreated breast. On 
the left, drainage from tumors 
in the quadrants outer upper 
(blue), outer lower (yellow), 
inner upper (red), inner lower 
(green), and central (black) to 
the axilla and internal 
mammary chain according to 
data from Estourgie et al. 
[24]. On the right, drainage to 
non-axillary SLNs according 
to data from Tanis et al. [81]

9 Preoperative and Intraoperative Lymphatic Mapping for Radioguided Sentinel Lymph Node Biopsy in Breast Cancer
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SLNs are found in the second, third, and fourth intercostal 
spaces (Fig. 9.2).

There are three groups of axillary nodes, arbitrarily 
defined by their anatomic relationship to the pectoralis 
major and minor muscles. These nodes are caudal to the 
axillary vein. Level I lymph nodes extend from the lateral 
edge of the pectoralis major muscle to the lateral edge of 
the pectoralis minor muscle. Level II lymph nodes are those 
directly posterior to the pectoralis minor muscle, and level 
III are the lymph nodes medial to the medial border of the 
pectoralis minor muscle and extending to the Halsted’s 
ligament at the chest wall. There are very few lymph nodes 
in level III.

Within level I, there are a number of nodal groups. The 
external mammary lymph node group runs parallel and 
along the lateral thoracic artery, draining primarily the 
lateral breast. The lateral axillary vein group is located 
posteriorly along the anterior border of the latissimus 
dorsi and contains the largest amount of nodal tissue. The 
subscapular nodal group runs parallel to the scapular ves-
sels and drains the lower posterior neck, posterior trunk, 
and posterior shoulder as well as the breast. The axillary 
vein group medial and posterior to the axillary vein 
receives drainage primarily from the upper extremity and 
not the breast. Axillary dissections for breast cancer 
should not routinely remove tissue posterior or superior to 
the axillary vein.

Level II nodes may receive lymphatic drainage directly 
from the breast, but also drainage from afferent vessels of 
level I nodes. Level III lymph nodes are the most medial 
nodal group in the axilla, which not only drain the other axil-
lary nodal groups, but also merge with lymphatic vessels 

from the subclavicular group and form the subclavian trunk. 
Rotter’s lymph nodes are located between the pectoralis 
major and minor muscles. Some lymphatics from the retro-
mammary plexus penetrate the pectoralis major muscle and 
travel along the thoracoacromial vessel, terminating directly 
in level III. Superior and medial aspects of the breast may 
also drain directly to level III.  However, isolated nodal 
metastases are rarely seen in level III nodes without exten-
sive involvement of the level I and level II lymph nodes. For 
this reason, most surgeons perform a level I and level II axil-
lary dissection without removing level III, unless palpable 
lymph nodes are encountered or there is extensive nodal dis-
ease in the first two levels. SLNs are encountered primarily 
in level I, less so in level II, and rarely in level III [29] 
(Fig.  9.2). Good exposure of level III lymph nodes often 
requires partial or full transection of the pectoralis minor 
muscle.

Lymph nodes of the internal mammary chain (IMNs) pri-
marily drain the posterocentral and posteromedial aspects of 
the breast. Usually nodal metastases are seen in the internal 
mammary chain only when there are concomitant axillary 
metastases. Only about 3–5% of the patients have nodal 
metastases identified in the internal mammary SLN without 
axillary involvement.

The ipsilateral supraclavicular nodal metastases are no 
longer considered stage IV disease in the American Joint 
Commission on Cancer (AJCC) Staging System, because 
of the direct drainage of the upper inner portion of the 
breast to the supraclavicular nodes. Involvement of these 
lymph nodes results in classification of these patients as 
AJCC nodal stage N3. IMN metastases result in classifica-
tion as N1, N2, or N3 [30].

Fig. 9.2 Lymphatic drainage 
from malignant tumors in the 
untreated breast. On the right, 
drainage to the internal 
mammary chain according to 
data from Estourgie et al. [24] 
showing most frequent 
drainage to SLNs in the 
second, third, and fourth 
intercostal spaces. On the left, 
drainage to the axilla 
according to data from Uren 
et al. [29] with level I (89%) 
and II as the most frequent 
SLN sites
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9.4  Lymphoscintigraphy: Technical 
Controversies

Although SLNB is widely employed in patients with breast 
cancer, several technical issues remain unresolved. The main 
areas of controversy concern the radiopharmaceuticals to be 
used, the site and mode of radiocolloid injection, and the use 
of preoperative imaging with or without SPECT/CT 
imaging.

9.4.1  Radiopharmaceuticals

Three types of radiocolloid preparations are commonly used 
for lymphoscintigraphy and intraoperative identification of 
the SLN with a handheld γ-probe. 99mTc- sulfur colloid is the 
most commonly used agent in the United States, either unfil-
tered (particle size about 15–5000 nm) or filtered (particle 
size depending on the filter employed, usually 220  nm). 
Most European investigators use a 99mTc- nanocolloidal prep-
aration of human serum albumin with particles ranging in 
size between 4 and about 100 nm (95% of the particles being 
<80 nm). At present, this radiopharmaceutical offers the best 
range of particle size, approaching the ideal range, and offers 
the additional benefits of instant labeling at room tempera-
ture and stability both in vitro and in vivo. 99mTc-antimony 
trisulfide (3–30 nm) is commercially available in Australia 

and Canada, where it is widely used for SLN procedures 
[31].

It is generally considered that a radiocolloid with most of 
the particles ranging in size between 100 and 200 nm repre-
sents a practical compromise between fast and efficient lym-
phatic drainage from the site of interstitial injection and 
satisfactory retention in the SLN. The activity of the radio-
tracer depends on the timing of surgery relative to lymphos-
cintigraphy, with an approximate amount of 37–111  MBq 
(1–3 mCi).

A novel radiopharmaceutical has been approved in 2013 
for lymphatic mapping, 99mTc-tilmanocept (Lymphoseek®) 
[32]; Lymphoseek® accumulates in lymphatic tissue by bind-
ing to a receptor on the surface of macrophage cells within 
LNs. Due to its properties, Lymphoseek® has faster clear-
ance from the injection site, prolonged retention in SLNs, 
and a smaller amount of excised lymphatic nodes than 99mTc-
sulfur colloid [32–34]. Although Lymphoseek® appears to 
have all the desired properties for SLN mapping, the low 
yield of excised lymph nodes could become an unfavorable 
factor in this new era in which the approach toward manage-
ment of limited metastatic SLN disease in the axilla has 
changed (see below).

9.4.2  Radiocolloid Injection for SLN Mapping 
in Patients with Breast Cancer

No consensus exists on the optimal injection approach. 
Widely applied techniques include tumor-related injections 
(intratumoral or peritumoral) and superficial injections 
(intradermal, subdermal, subareolar, and periareolar) 
(Fig. 9.3).

Direct intratumoral injection has originally represented 
a natural extension of the technique developed earlier with 
vital blue dye [35]. For intratumoral and peritumoral 
administration, the radiocolloid is injected into the tumor 
or in a site immediately adjacent to the tumor, in the space 
with a supposedly normal lymphatic system that is the 
only possible drainage pathway for fluids, particles, and 
cells leaving the tumor through the extravascular route. 
Although in most centers such intra- or peritumoral injec-
tions are directed simply by palpation, it is advisable to 
inject the tracer under sonographic guidance (or stereotac-
tic devices).

The likelihood of visualizing a lymphatic duct and a 
draining lymph node increases when the radiocolloid is 
injected in the skin overlying the mammary gland (subder-
mal/intradermal injection) [36]. Therefore, axillary SLNs 
can be efficiently visualized as early as 20–30  min after 
intradermal injection of radiocolloid (versus 30–40 min for 
the peritumoral and 40–60 min for the intratumoral routes of 

Key Learning Points
• There is no evidence of a centripetal lymphatic 

pathway to a subareolar plexus as proposed by 
Sappey; instead, most of the lymph from the breast 
flows toward the nodal basins with a direct course.

• There are three groups of axillary lymph nodes, 
defined by their anatomic relationship to the pec-
toralis major and minor muscles: levels I, II, and 
III.

• SLNs are encountered primarily in level I, less so in 
level II, and rarely in level III.

• Drainage to the internal mammary basin occurs in 
20% of patients after intratumoral or peritumoral 
radiocolloid injection with 3–5% of the patients 
having nodal metastases identified in the internal 
mammary SLN without axillary involvement.

• Ipsilateral supraclavicular nodal metastases are no 
longer considered stage IV disease in the AJCC 
Staging System, because of the direct drainage of 
the upper inner portion of the breast to the supracla-
vicular nodes.

9 Preoperative and Intraoperative Lymphatic Mapping for Radioguided Sentinel Lymph Node Biopsy in Breast Cancer
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administration), thus making the entire lymphoscintigraphic 
procedure highly practicable.

Finally, periareolar/subareolar radiocolloid injection [37] 
is based on the presence of a lymphatic plexus around each 
lobule of the mammary gland that follows the path of the 
galactophore ducts, converging to the areola to form the 
Sappey subareolar plexus, which is part of the general subcu-
taneous plexus.

As mentioned above, any drainage pattern from any 
quadrant of the breast can occur, and most of the lymph 
from the breast flows toward the nodal basins with a direct 
course, not necessarily passing through the subareolar 
plexus [23, 24, 28]. These variations in lymphatic drainage 
of the breast have important implications for the perfor-
mance of lymphoscintigraphy (Fig. 9.4). Superficial injec-
tions will result in primarily axillary nodal drainage. 
Injection at the level of the tumor in the breast or more pos-
teriorly can identify internal mammary, supraclavicular, or 
even intramammary SLNs.

Although some have suggested that the site of injection 
does not necessarily affect the accuracy of axillary SLN 
detection [38], conflicting results have been published. 
Noushi and coworkers found a high level of discordance in 
the localization of SLNs after performing both lymphoscin-
tigraphy using a superficial injection and repeated lym-
phatic mapping after a tumor- related injection in the same 
patient. The discordance rate in the axilla and internal 
mammary chain was 21% and 39%, respectively; the over-
all discordance rate in this study of 39 patients was quite 
high, 59% [26]. A second clinical study investigated 
whether lymphoscintigraphy after intralesional injection in 
two separate tumors in the same breast of patients with 
multifocal/multicentric disease yielded additional SLNs 
compared to intralesional injection of only the largest 
tumor; they found a high incidence of additional SLNs 
draining from tumors other than the largest one, mainly in 

the axilla [25], which is in line with the investigations by 
Noushi and coworkers. However, in only 2 out of 50 
patients studied, metastatic disease was found in the addi-
tional SLNs only, so the clinical implication of these dis-
crepancies is not yet clear.

As mentioned before, the peritumoral, intraparenchymal 
route of radiocolloid injection results in a high rate of visual-
ization of SLNs in the internal mammary chain, an occur-
rence reported in an average 20% of the patients, with a 
maximum of about 30% [39]. Although the long-term clinical 
impact of identifying pathways of lymphatic drainage to the 
internal mammary chain in patients with early breast cancer 
is still unclear (see further below), this finding is a definite 
plus of the peritumoral administration route when one com-
pares its merits with those of the superficial injection tech-
nique. On the contrary, advantages of the superficial injection 
technique are represented by its high practicability with mini-
mum training, small volume administered as a single injec-
tion, fast visualization of lymphatic drainage pathways, and a 
high SLN detection rate.

Choosing the optimal approach depends on the aim of 
the lymphatic mapping in the individual patient [28]; in 
patients at low risk for lymph node metastases, especially 
with small and/or superficially located tumors in the upper 
lateral quadrant of the breast in whom the purpose is to 
spare an unnecessary ALND, a superficial injection tech-
nique may be adequate. On the contrary, in high-risk 
patients with large or multifocal tumors or tumors located 
deep or medio-caudally in the mammary gland, in whom 
the purpose of lymphatic mapping is to determine the stage 
as accurately as possible and to identify also SLNs outside 
the axilla, a tumor-related injection technique may be more 
appropriate. Another reasonable approach is to combine 
both injection techniques (deep and superficial), which 
may improve SLN detection and decrease false-negative 
findings.

Fig. 9.3 Radiotracer administration modalities for SLN mapping illustrating superficial (first four images) and deep (last two images) injection 
options

L. M. Pereira Arias-Bouda et al.



191

9.4.3  Preoperative Imaging for SLN Mapping 
in Patients with Breast Cancer

The addition of a radiotracer to the lymphatic mapping proce-
dure with blue dye has transformed lymphoscintigraphy into a 
visual roadmap for surgeons. This preoperative imaging is 
essential to determine which lymph nodes should be considered 
as a SLN and to identify unpredictable lymph drainage patterns 
leading to SLNs in unusual drainage areas, improving the accu-
racy and reducing morbidity relative to γ-probing alone [40].

There is general consensus on how to perform lymphos-
cintigraphic acquisitions for SLN identification. The energy 
setting of the gamma camera should be centered on the 
140 keV emission peak of 99mTc, with a ±5% window. The 

use of a low-energy (ultra-)high-resolution collimator and an 
acquisition matrix of 256  ×  256 pixels is highly recom-
mended. Large-field-of-view gamma cameras are useful to 
depict the lymphoscintigraphic pattern of the entire lym-
phatic basin in a single image.

Planar static images are acquired 15–30 min and 2–4 h 
after injection, and if necessary in case of non-visualiza-
tion after 18–24 h as well. At each acquisition time point 
at least two or three images are acquired: anterior, lateral, 
and 45° anterior oblique. The use of radioactive flood 
sources (57Co or 99mTc) helps to provide a basic anatomi-
cal reference, especially when SPECT/CT is not per-
formed or available (Fig. 9.5). A final, integral phase of 
lymphoscintigraphy is to mark the exact position of the 

Fig. 9.4 Patterns of radiocolloid migration from untreated breast can-
cer to SLNs (circles) with a single axillary lymph node (left above), two 
axillary nodes (right above), single nodes in axilla and internal mam-

mary chain (left bottom), and single axillary, internal mammary, and 
intramammary SLNs (right bottom)

9 Preoperative and Intraoperative Lymphatic Mapping for Radioguided Sentinel Lymph Node Biopsy in Breast Cancer
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SLNs using indelible ink, either with the aid of a radioac-
tive point source or preferably using the probe (or both) 
for counting the axilla externally, focusing on the spot(s) 
visualized by lymphoscintigraphy. In this topographic 
localization phase, the arm should be abducted at about 
90°, approximately in the same position as on the operat-
ing table during surgery, to identify accurate topographic 
coordinates that the surgeon can use during the surgical 
procedure. Marking the skin projection of the SLN and 
having the images available may assist the surgeon in 
reducing the operating time to locate the SLN, thus keep-
ing the surgical incision to a minimum (Fig. 9.6).

9.4.4  Contribution of SPECT/CT Imaging 
for SLN Mapping in Patients with Breast 
Cancer

With the new generation of large-field gamma cameras, 
hybrid SPECT/CT has been incorporated in the SLN proce-
dure. The functional information provided by SPECT can be 
combined with the morphological information provided by 
CT by employing such hybrid imaging in a single session. 
The fused SPECT/CT images depict the SLNs (visualized by 
lymphoscintigraphy) in an anatomical landscape, thus pro-
viding additional helpful roadmaps for surgeons. In recent 
years, SPECT/CT has been used in breast cancer patients 
with unusual or complex drainage, for example in patients 
with lymphatic drainage outside the axilla [41]. SPECT/CT 

imaging can also visualize SLNs within the axilla when no 
nodes are visualized by planar imaging (including lateral 
images after breast displacement or with hanging breast) or if 
high activity at the injection site masks adjacent lymph nodes 
(Fig. 9.7). SPECT/CT also helps to identify SLNs in case of 
inconclusive planar images and especially when SLNs appear 
to be located in uncommon sites (Fig. 9.8). Table 9.1 gives an 
overview of the overall advantages of SPECT/CT versus pla-
nar imaging during lymphoscintigraphy in breast cancer [41–
43]. SPECT/CT is principally oriented to the anatomical 
localization of SLNs, by acquiring a low-dose CT. For SLN 
localization, the CT component of SPECT/CT must provide 
optimal anatomical information. For superficial areas such as 
the axilla, 5 mm slices are recommended. The CT component 
is also used to correct the SPECT signal for tissue attenuation 
and scattering. After these corrections, SPECT is fused with 
CT [41].

A gray scale is used to display the anatomic information 
in the background image (CT), whereas a color scale is 
used to depict lymphoscintigraphic mapping in the fore-
ground image (SPECT). Multiplanar reconstruction (MPR) 
enables two-dimensional display of fusion images in rela-
tion to CT and SPECT.  The use of cross-reference lines 
allows the navigation between axial, coronal, and sagittal 
views. At the same time, this procedure enables to correlate 
radioactive SLNs seen on fused SPECT/CT images with 
lymph nodes seen on the CT portion. This information may 
be helpful for the intraoperative procedure, as well as for 
post-excision control using portable gamma cameras or 

Fig. 9.5 Incorporation of anatomical aspects to preoperative SLN mapping in breast cancer. A 57Co flat source, placed under the patient’s trunk, 
provides body contour information (upper row) whereas SPECT/CT incorporates more specific anatomical landmarks (lower row)
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Fig. 9.6 Importance of cutaneous marking during preoperative imaging to guide skin incision in the operating room for SLNs (circles) in the left 
axilla (upper row) and right internal mammary chain (lower row)

Fig. 9.7 Intervention possibilities (lower row) to depict no visualized 
SLNs (circles) during standard lymphoscintigraphy (upper row): in the 
right axilla by means of displacement of the breast with the opposite hand 

of the patient (left column), left intramammary by means of additional 
hanging breast patient position (middle column) and right axillary by 
means of SPECT/CT (right column)
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probes. The use of 3D volume rendering enables identifica-
tion of better anatomical reference points and incorporates 
an additional dimension in the recognition of SLNs 
(Fig. 9.8).

Table 9.1 Advantages of SPECT/CT imaging versus planar imaging 
in breast cancer

1.  Improved anatomical localization of SLNs, especially outside the 
axilla

2.  Improved recognition of non-lymph node radiocolloid 
accumulation

3.  Improved characterization of equivocal findings
4.  Greater sensitivity, resulting in detection of additional  

SLNs
5. Greater specificity, resulting in fewer false-positive findings

Adapted from Ref [42]

Fig. 9.8 Contribution of SPECT/CT to anatomically localize SLNs (circles) in cases with interpectoral (left column), intramammary (middle 
column), and axillary level III (right column) lymphatic drainage

Key Learning Points
• A radiocolloid with particles ranging in size 

between 100 and 200  nm represents a practical 
compromise between fast and efficient lymphatic 
drainage and satisfactory retention in the SLN.

• 99mTc-tilmanocept (Lymphoseek®) is a new radio-
tracer for lymphatic mapping with faster clearance 

from the injection site and prolonged retention in 
SLNs compared to conventional radiocolloid 
tracers.

• Variations in lymphatic drainage of the breast 
have important implications for the performance 
of lymphoscintigraphy: a subareolar plexus-
related injection rarely identifies SLNs outside 
the axilla.

• In patients at low risk for lymph node metastases a 
superficial injection technique may be adequate, 
while in high-risk patients in whom the purpose of 
lymphatic mapping is to determine the stage as 
accurately as possible, a tumor-related injection 
technique may be more appropriate.

• Preoperative imaging is essential to determine 
which lymph nodes should be considered as a SLN 
and to identify unpredictable lymph drainage 
patterns.

• The addition of SPECT/CT to standard lymphos-
cintigraphy is indicated in specific situations, 
such as in cases of unusual or complex drainage 
or non-visualization of SLNs at planar imaging 
or when the injection site masks adjacent lymph 
nodes.
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9.5  Intraoperative SLN Detection 
in Patients with Breast Cancer

After positioning the patient on the operating table before 
starting the surgical procedure, location of the SLNs should 
be confirmed further by external counting with the γ-probe. 
Minor variations in the sequence of operating procedures 
exist: some surgeons remove the primary tumor first and then 
proceed to perform SLNB, whereas other surgeons perform 
SLNB first and then proceed to remove the tumor while wait-
ing for the results of intraoperative frozen section histopathol-
ogy, although routine intraoperative pathologic assessment 
has become unnecessary and less indicated after the appear-
ance of large trial results showing that ALND is not indicated 
in all patients with positive SLNs (see below).

In most recent reports, the overall success rate of lympho-
scintigraphy for SLN identification is very high, around 
95%. Usually the radioguided procedure is combined with 
blue dye, using the blue dye in the lymphatics as a roadmap 
helping to find the radioactive SLN, especially when a non-
involved lymph node is only few millimeters in diameter and 
very soft to palpation. A γ-probe- guided search of the SLN is 
based on detecting a focal spot of radioactivity accumulation 
in the area of interest (open surgical field). The probe is now 
in direct contact with the hot spot and is adequately shielded 
from radiation scattered from the injection site.

Thus, counting rates change almost instantly from tens or 
hundreds of counts per second to nearly zero (as the patient’s 
background virtually corresponds to room background) 
when moving the detector—for instance, simply changing 
the angle—from the hot spot (lymph node) to nearby tissues. 
Therefore, the concept of target-to-background ratio as com-
monly used for in vivo nuclear medicine procedures takes on 
a new meaning; typically, the ratio of counts in the hot spot 
relative to background is in the 10–100 range, though with 
wide variations depending on the activity injected, type of 
radiocolloid injected, time elapsed between radiocolloid 
injection and surgery, and type of γ-probe used.

Reexamination of the operative site should then be per-
formed to ensure that the area of focal radioactivity accumu-
lation has been removed and that a second lymph node is not 
also active; if this is the case, such lymph node should also 
be removed and the axilla reexamined. Complete removal of 
the SLNs is confirmed by reduction of the counting rate in 
the axilla to background levels. Reduction of the activity to 
10–20% of the counting rate in the most active SLN is com-
monly accepted as background level [44, 45].

9.5.1  Combining Existent Technologies 
with New Modalities for SLN Mapping 
in Patients with Breast Cancer

Although high identification rates are achieved using the 
combination of dye and γ-probe, together with optimal pre-
operative imaging including SPECT/CT when indicated, 
intraoperative detection can be further improved using por-
table imaging devices, such as portable gamma cameras, 
freehand SPECT, and hybrid approaches (Fig. 9.9). This is 
especially helpful in case of complex drainage, deep-seated 
lymph nodes or when lymph nodes are located close to the 
injection site [46, 47].

Appropriate perioperative use of a portable gamma 
camera enhances the reliability of the SLNB, by provid-
ing high- resolution imaging of the surgical field. The use 
of these techniques implies the possibility to better plan 
the surgical approach, to localize surgical targets just 
before making the surgical incision, to monitor the lym-
phatic basin before and after removal of the SLNs, and, 
above all, to verify completeness of SLNB.

The freehand SPECT-based device integrates a posi-
tioning system attached to the conventional gamma probe 
and permits a virtual reconstruction in a 3D environment 
[47]. This 3D information may be further used for precise 
localization and targeting of radioactive SLNs. The device 
can ensure permanent assistance and transparent docu-
mentation of soft-tissue removal during surgery. Although 
the contribution of these new portable devices in breast 
cancer surgery is still unclear, they definitely will play an 
increasing role in the future within the evolving GOSTT 
(guided intraoperative scintigraphic tumor targeting) 
concept.

The use of hybrid tracers has been shown to improve 
further the accuracy of lymphatic mapping and SLN local-
ization. A hybrid compound has been developed combin-
ing 99mTc-albumin nanocolloid with indocyanine green 
(ICG) [48]. In contrast to single-fluorescent agents [49], 
this bimodal tracer procedure may allow the surgeons to 
integrate the standard approach based on radioguided 
detection with a portable gamma camera with a new opti-
cal modality based on fluorescent signal detection. This 
approach is being successfully applied in various malig-
nancies with promising results; it makes the SLNB proce-
dure more accurate and independent of the use of blue dye 
[50], although its role in breast cancer still needs to be 
elucidated.
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9.6  Indications and Controversies for SLN 
Mapping in Patients with Breast 
Cancer

There is general consensus that the SLNB procedure is indi-
cated in patients with early-stage breast cancer (cT1-2 
tumors) without cytological or histological evidence of axil-
lary lymph node metastases; SLNB is contraindicated in 
patients with inflammatory breast cancer.

9.6.1  Pregnancy

The international guidelines concerning the use of lymphatic 
mapping in pregnant and/or lactating women are inconsis-
tent; while the ASCO guidelines do not recommend SLNB in 
pregnant women, the EANM and SNMMI guidelines state 
that SLNB is justified in these women by the low risks of the 
procedure relative to the risks of axillary dissection. However, 
vital blue dye should only be included if there is a clear med-
ical need to do so.

Fig. 9.9 Intraoperative SLN procedure using new modalities. The 
images of the upper row illustrate the hybrid approach following 
administration of ICG-99mTc-nanocolloid, which enables the combina-
tion of a portable gamma camera with a fluorescence camera to localize 

and remove an internal mammary SLN. In lower row, the freehand 
SPECT technology using a tracked gamma probe (left image) or hand-
held gamma camera (right image) to generate an augmented reality 
navigation protocol for breast radioguided surgery

Key Learning Points
• The overall success rate of lymphoscintigraphy in 

SLN identification is very high, around 95%.
• The radioguided procedure is frequently com-

bined with blue dye, using the blue dye in the 
lymphatics as a roadmap helping to find the 
radioactive SLN.

• Complete removal of the SLNs is confirmed by 
reduction of the counting rate in the axilla to back-
ground levels.

• Reduction of the activity to 10–20% of the counting 
rate in the most active SLN is commonly accepted 
as background level.

• Intraoperative detection of SLNs may be further 
improved using portable gamma cameras and free-
hand SPECT cameras and/or hybrid radiofluores-
cent tracers, although their role in breast cancer 
patients needs to be elucidated.
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9.6.2  Internal Mammary Chain

Although, like the axilla, the IMN are a first-echelon nodal 
drainage site, the importance of its treatment has long been 
debated in breast cancer. Parasternal recurrences are 
uncommon and studies in the past have failed to demon-
strate a survival benefit from IMN treatment. However, 
more recent studies provided evidence that lymphatic 
drainage toward the internal mammary chain is associated 
with a worse disease- free survival (DFS) [51]. The results 
of the Early Breast Cancer Trialists’ Collaborative Group 
(EBCTCG) established the importance of locoregional 
control (including the internal mammary chain) on long-
term survival even when systemic therapy is given [52]. 
Large randomized trials have demonstrated a limited but 
significant improvement in DFS, metastatic-free survival 
(MFS), and to a smaller extent overall survival (OS), when 
additional regional radiotherapy was applied on the IMNs 
and medial supraclavicular nodes in patients with increased 
risk for IMN metastases [53].

Hence, this suggests that besides patients with macroscopic 
disease in these lymph nodes, a selective group of breast cancer 
patients at high risk for subclinical involvement of the internal 
mammary chain might also benefit from parasternal irradiation, 
for example in patients with proven metastatic axillary SLNs in 
combination with parasternal lymphatic drainage identified on 
lymphoscintigraphy. Other recent studies have also led to 
renewed interest in IMN staging, regarding particularly its 
implications for systemic therapy. Madsen and coworkers found 
that patients with metastatic IMNs without axillary involvement 
tended to have a significantly worse outcome than patients with 
no regional lymph node metastases at all [54]. Therefore, the 
development of the SLNB aided by lymphoscintigraphy, pro-
viding a less invasive method of assessing the IMNs than surgi-
cal dissection, may affect decisions regarding not only 
locoregional treatment, but also systemic therapy. In this regard, 
one could plead for performing lymphoscintigraphy with tumor-
related injections only, since the rate of parasternal drainage 
reflects the method of tracer injection used.

9.6.3  Large and Multifocal/Multicentric 
Breast Cancers

The application of SLNB in T3–T4 tumors and multifo-
cal disease is controversial. The debate is related to the 

lack of consensus on the drainage routes in the breast. If 
drainage from any site of the breast would pass the sub-
areolar plexus, the presence of more than one tumor or a 
large tumor would not affect the accuracy of the SLN 
procedure when a single (superficial) injection is per-
formed. However, if multiple drainage routes exist, this 
actually would theoretically affect the accuracy and could 
lead to a higher false- negative rate, which is undesirable 
considering that multifocality and multicentricity are 
associated with a higher rate of lymph node metastases, 
as is the case in large tumors. Studies addressing this 
issue show heterogenic results, with false-negative rates 
ranging from 4 to 14% [55–57]. Moreover, application of 
multiple tumor-related injections in patients with multi-
ple tumors in the breast leads to a significant amount of 
additional SLNs after the second injection: 64% in the 
study of Brouwer and coworkers [25]. However, in only 
4% of these patients, metastatic disease was found in the 
additional SLNs only, so the clinical implication of these 
discrepancies is not yet clear. In summary, one should be 
aware of the fact that the accuracy of the SLN procedure 
in multifocal disease is probably lower, while these 
patients have a higher risk of lymph node metastases, 
which has to be weighed up against the benefits of SLNB 
in the individual patient.

9.6.4  Ductal Carcinoma In Situ

Ductal carcinoma in situ (DCIS) is an intraductal prolif-
eration of malignant cells, without invasion of the stroma, 
and is considered as a precursor of invasive ductal carci-
noma. Still, in one out of four patients upstaging to micro-
invasion or invasion cancer occurs after surgery [58], 
leading to unexpected lymph node metastases in 10% of 
patients with pure DCIS in the biopsy specimen (macro-
metastases in 2.4%). The strongest predictor for lymph 
node metastases is occult invasion; other risk factors 
include a lesion >2–2.5 cm, palpable DCIS lesion, high-
grade DCIS, contrast enhancement on MRI, and age 
>55 years [58, 59].

Although SLNB should not be considered a standard pro-
cedure in the treatment of all patients with DCIS, it should be 
considered if risk factors for lymph node metastases are 
present, independent of the type of surgery (breast conserv-
ing or mastectomy).
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9.6.5  Recurrent Disease and SLN Mapping 
in Patients with Breast Cancer

Use of SLNB in patients with recurrent disease has been a 
debated issue, related to the consideration that the lymph 
drainage pathways may be disrupted by previous SLNB and 
therapy, presumably leading to a less reliable SLN proce-
dure. However, based on the data of a recent meta- analysis in 
1053 patients, it may be concluded that SLNB in these 
patients, on the contrary, is feasible. The investigators 
reported a SLN identification rate of 63% on lymphoscintig-
raphy and 60% at surgery; since metastatic disease in SLNs 
was found in 10% of patients, ALND could be avoided in 
approximately 500 of the patients studied (50%) [60]. The 
SLN identification rate was significantly higher in patients 
who underwent SLNB at primary surgery compared to 
ALND.

Perhaps even more important than the impact on the axilla 
is the identification of aberrant lymphatic drainage, provid-
ing options for targeted surgical excision of SLNs outside the 
ipsilateral axilla, using lymphoscintigraphy and SPECT/CT 
as a surgical roadmap [61]. This is relevant in light of the 
changes in lymphatic drainage due to previous surgery and 
radiotherapy with significant increase of SLN visualization 
outside the ipsilateral axilla [62] (Fig.  9.10). Ahmed and 
coworkers reported an aberrant lymphatic drainage identifi-
cation rate of 26% of patients on lymphoscintigraphy, being 
highest in patients who had undergone ALND at primary sur-
gery. It allows alteration of the treatment plan in patients 
with metastatic disease in lymph nodes outside the ipsilateral 
axilla, either by targeted surgery, adjuvant systemic treat-

ment, or radiotherapy. Examples of modified radiocolloid 
migration on lymphoscintigraphy and SPECT/CT are shown 
in Fig. 9.11.

9.6.6  SLNB in the Neoadjuvant Setting

Neoadjuvant chemotherapy (NAC) is being increasingly 
used not only in patients with locally advanced breast cancer, 
but also in patients with early-stage breast cancer, raising a 
new dilemma: when to perform SLNB. The timing of SLNB 
in patients receiving NAC is under debate. SLNB before 
NAC is most accurate, but leads to overtreatment of the 
axilla, since 20–50% of patients with metastatic disease in 
the axilla achieve complete pathological response after NAC, 
with a remission rate being highest in patients with triple- 
negative tumors and tumors with HER2 overexpression.

Recent studies have shown that in patients without clini-
cal evidence of axillary lymph node involvement at diagno-
sis (cN0), SLNB after NAC is approaching the globally 
accepted false-negative rate threshold of 5% without a 
decrease in efficacy [63]; this is generally considered as 
acceptable, conferring the benefit of sparing these patients 
from an extra surgical intervention and more important 
unnecessary treatment of the axilla and associated morbidity. 
To achieve a high accuracy, thorough examination of the 
axilla at diagnosis is necessary, using physical examination 
and ultrasound. One should take into account the fact that in 
cN0 patients, persistence of tumor in the breast and the lumi-
nal subtype are factors that determine lymph node involve-
ment after NAC.

Fig. 9.10 Lymphatic 
drainage from the treated 
breast according to data from 
van der Ploeg et al. [62] 
showing increased SLN 
visualization outside the 
ipsilateral axilla
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More complex is the situation in patients with lymph 
node involvement at diagnosis (cN+). Noninvasive staging, 
in the form of physical examination, ultrasound, MRI, or 
PET-CT, is not reliable for detection of complete pathologi-
cal nodal response after NAC. In addition, the reliability of 
SLNB after NAC is questionable; with increasing tumor load 
in the first-echelon nodes, the risk of aberrant drainage 
increases, leading to a lower efficacy and higher FNR. This 
negative effect is enlarged by the chemotherapeutic treat-
ment related to disruption of the lymph drainage. In recent 
years, many studies addressing this issue have been pub-
lished. Two large prospective cohort studies, the SENTINA 
trial and ACOSOG 71071 trial, investigated the accuracy of 
the SLNB procedure after NAC in patients with cT0-4N1-2 
breast cancer. They reported false-negative rates of 14% and 
13%, respectively, with SLN detection rates of 80% and 
93%. Subgroup analyses in both trials showed that the false-
negative rate could be significantly limited to <10% if (a) the 
radiocolloid is combined with blue dye, (b) more than two 
SLNs are removed, and (c) accurate clinical axillary lymph 
node evaluation is performed before and after chemotherapy 
[64, 65]. Thus, accurate evaluation of the axilla is essential 
after NAC and should consist of at least a thorough physical 

examination and ultrasound examination. With magnetic 
resonance imaging (MRI) and [18F]FDG PET/CT the accu-
racy may be increased.

A different approach is to evaluate the response to 
NAC by marking the involved lymph node prior to treat-
ment. Marking methods include tattooing the node with a 
carbon particle suspension or placing a metallic clip or a 
magnetic or radioactive iodine-125 (125I) seed in the 
involved lymph node. Marking the node with a 125I seed 
was first described in 2010, better known as the MARI 
procedure [66]. Initial evaluation of this method reported 
a detection rate of 97% and false-negative rate of 7%, 
including lymph nodes with isolated tumor cells [67]. To 
improve the accuracy of post-NAC axillary staging, nodal 
clipping may be combined with the post-NAC SLNB pro-
cedure, further decreasing the false- negative rate (only 
2% in the study of Caudle and coworkers) [68].

Thus, combining the MARI procedure (or other lymph 
node marking method) with SLNB post-NAC in patients 
with cN+ breast cancer at diagnosis is feasible and seems to 
be the most effective way to restage the axilla post-NAC, 
providing an approach to preserve the axilla. Other proposed 
axillary treatment algorithms include information regarding 

Fig. 9.11 Patterns of radiocolloid migration from the treated breast. 
Visualized drainage on lymphoscintigraphy (upper row) is anatomi-
cally localized using SPECT/CT (lower row) with SLNs (circles) in the 
ipsilateral internal mammary and supraclavicular regions (left column), 

ipsilateral mammary chain as well as contralateral axilla and supracla-
vicular (middle row), and ipsilateral in axilla as well as retrosternal 
(right column)
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the nodal tumor load at diagnosis (using [18F]FDG PET/CT) 
and result of the MARI procedure post-NAC, without includ-
ing SLNB (see below) [69].

9.7  Clinical Impact of SLNB in Breast 
Cancer

9.7.1  The Paradigm Shift in Axillary 
Management

SLNB has become the “standard of care” for staging 
patients with early-stage breast cancer with clinically 
negative nodes. As mentioned earlier, SLNB is associated 
with reduced arm morbidity and better quality of life and 
has replaced the ALND for staging the axilla. Extensive 
evaluations have proven the safety of this technique 
showing high detection rate and acceptable  false- negative 
rate, especially when preoperative lymphoscintigraphy 
and dual mapping are applied [70–72].

In the latest years an increasing tendency has emerged 
to preserve the axilla, based on the ALND-related arm 
morbidity and reduced quality of life, together with the 
fact that clinical presentation of the disease and (sys-
temic) treatment have changed over time. Furthermore, 
there are reasons to believe that axillary metastases do 
not always become clinically relevant, as may be con-
cluded from earlier studies in the 1970–1980s. For 
example, in the NSABP B-04 trial, a trial that did not 
include systemic therapy, the axillary recurrence rate in 
patients with no axillary treatment was approximately 
half of the expected rate from the prevalence of metasta-
ses found in patients in whom axillary contents were 
removed and examined [73]. These results are supported 
by more recent studies such as the ACOSOG Z0011 trial 
(see below), showing a non-inferior outcome in a group 
of patients in whom 27% had lymph node metastatic dis-
ease left in place. Besides the fact that these metastases 
were probably treated either by the adjuvant systemic 
treatment or by the whole-breast irradiation, this may 
also (at least partly) be related to the existence of bio-
logic factors that determine the clinical growth of axil-
lary metastases.

This gain in knowledge over time has resulted in the 
emergence of a treatment paradigm shift: not all SLN-
positive patients need to receive local axillary treatment in 
terms of ALND or axillary radiotherapy. In addition, in the 
near future, SLNB will probably increasingly be omitted in 
specific low-risk or comorbidity situations (such as T1 
luminal A, age >70 years). However, whether and how this 
will happen depend on the results of current ongoing 
studies.

Key Learning Points
• The SLNB procedure is indicated in patients with 

early-stage breast cancer (cT1-2 tumors) without 
cytological or histological evidence of axillary 
lymph node metastases.

• SLNB is justified in pregnant women due to the low 
risks of the procedure relative to the risks of axillary 
dissection.

• Lymphatic drainage toward the internal mammary 
chain is associated with a worse disease-free sur-
vival and a selective group of breast cancer patients 
at high risk for subclinical involvement of the inter-
nal mammary chain might benefit from parasternal 
irradiation.

• The accuracy of SLNB in large and multifocal/mul-
ticentric tumors is decreased, which has to be 
weighed up against the benefits of SLNB in the 
individual patient.

• In DCIS, SLNB should be considered if risk factors 
for lymph node metastases are present.

• SLNB in patients with recurrent disease is feasible 
and may avoid ALND in a significant proportion of 
patients and identify aberrant lymphatic drainage in 
these patients, providing options for targeted therapy.

• SLNB before NAC is most accurate, but leads to 
overtreatment of the axilla, since 20–50% of 
patients with metastatic disease in the axilla achieve 
complete pathological response.

• In clinically negative axillary disease at diagnosis, 
SLNB after NAC is accurate, approaching the glob-
ally accepted false-negative threshold of 5%.

• In clinically positive axillary disease at diagnosis 
SLN post-NAC is less accurate, although false-neg-
ative rate may be limited to <10% when dual map-
ping is applied, more than two SNs are removed. 
and accurate clinical axillary lymph node evalua-
tion is performed before and after chemotherapy.

• Combining the SLNB procedure post-NAC with a 
lymph node marking method such as the MARI 
procedure seems to be the most accurate way to 
restage the axilla post-NAC.
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9.7.2  SLN-Negative Breast Cancer

There is general consensus that patients with negative axil-
lary SLNB by routine histopathological evaluation do not 
require ALND. A randomized controlled study in 516 histo-
pathologically node-negative patients treated with either 
SLNB alone or SLNB plus ALND reported overt axillary 
metastases in only two cases in the SLNB-alone arm during 
8-year follow-up and a slightly greater overall survival in the 
SLNB-alone arm [74]. Another large study in patients with 
hematoxylin-eosin (H&E)-negative, tumor-free SLNs, who 
did not undergo completion ALND, revealed a remarkably 
low axillary recurrence of 0.2% and high disease- free sur-
vival [75]. Similar long-term results were reported by the 
American College of Surgeons Oncology Group. This 
ACOSOG Z0010 trial included 3904 patients with H&E- 
negative SLNs and reported only 0.5% regional recurrences, 
3.3% local recurrences, and 3.4% distant recurrences at a 
median follow-up of 8.4 years [76]. The NSABP B-32 trial 
showed similar results [18].

Factors associated with local-regional recurrence were 
younger age and hormone receptor-negative disease. 
Locoregional recurrence is less often seen in patients with 
hormone receptor-positive tumors and those who receive 
chemotherapy.

9.7.3  SLN-Positive Breast Cancer

The addition of immunohistochemistry (IHC) analysis to 
the standard H&E examination has led to increased detec-
tion of metastases (isolated tumor cells or micrometasta-
ses) in SLNs. Isolated tumor cells are defined as “small 
clusters of cells not greater than 0.2 mm, or single tumor 
cells, or a cluster of fewer than 200 cells in a single histo-
logic cross-section” and micrometastases as “tumor depos-
its greater than 0.2  mm but not greater than 2.0  mm in 
largest dimension” [30]. These occult metastases may be 
found in up to 16% of H&E-negative SLNs [77]. However, 
large trials as the ACOSOG Z0010 and NSABP B-32 
revealed that IHC detection of these H&E-occult SLN 
metastases does not contribute to survival [7, 77]. Ram and 
coworkers performed a meta-analysis pooling results of 
three randomized trials. They concluded that for patients 
with a clinically negative axilla and micrometastases in the 
SLN, SLNB alone was non-inferior to completion ALND 
[19].

While safety and efficacy of SLNB alone, with no 
reduction in survival, have been proven for patients with 
tumor- free or SLN micrometastatic disease, no consen-
sus exists on the management of patients with “limited 

SLN macrometastatic” disease (“limited” commonly 
defined as one or two positive SLNs). As mentioned ear-
lier, the tendency to preserve the axilla, together with the 
fact that clinical presentation and management of breast 
cancer have changed over time, has raised questions con-
cerning the necessity of ALND in these patients. In the 
AMAROS trial, 1425 patients with T1 or T2 invasive pri-
mary breast cancer and positive SLNs were randomized 
between completion ALND and locoregional (axillar and 
periclavicular) radiotherapy only; they concluded that 
excellent and comparable axillary control was achieved 
with locoregional radiotherapy in this patient population 
[78]. The ACOSOG Z0011 trial randomized 891 patients 
with T1 or T2 invasive breast cancer, clinically negative 
axillary disease, and one or two H&E-positive SLNs 
between completion ALND and SLNB alone; this trial 
revealed that 10-year overall survival for patients treated 
with SLNB alone was non-inferior to overall survival for 
those treated with completion ALND [79]. It is important 
to note that most of the patients in both treatment arms 
received adjuvant systemic therapy. The results of both 
trials have changed the management of breast cancer at 
major centers throughout the United States and Europe. 
Early metastatic breast cancer patients with SLN metas-
tases who have limited axillary disease found at opera-
tion may be spared the morbidity of ALND, further 
increasing the role of SLNB in the management of early 
breast cancer.

Based on these recent reports, neither the St. Gallen nor 
the American Society of Clinical Oncology (ASCO) guide-
lines recommend ALND in patients with isolated tumor cells 
in their SLNs. In addition, ASCO also recommends to omit 
ALND in most patients with 1–2 metastatic SLNs who are 
planning to undergo breast- conserving surgery with whole-
breast radiotherapy, albeit controversy persists around the 
question whether axillary radiotherapy should be added in 
these cases, as appeared from a recent St. Gallen Consensus 
Conference in 2019 [80].

9.7.4  SLN-Positive Breast Cancer, 
Downstaged After Neoadjuvant 
Therapy

As mentioned earlier, axillary staging after NAC in patients 
with cN+ breast cancer at diagnosis may prevent overtreat-
ment of the axilla in a significant number of patients. Because 
of the reduced accuracy of SLNB when performed after 
NAC, combination of SLNB with a lymph node marking 
method such as the MARI procedure should be considered to 
restage the axilla.
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A different approach to spare the axilla in these patients is 
to implement a tailored axillary treatment algorithm based 
on the lymph node marking procedure together with the 
known axillary tumor load at diagnosis, omitting the (less 
accurate) SLNB in these patients. Koolen and coworkers 
constructed and tested a treatment algorithm for tailored 
axillary treatment after NAC in a cohort of axillary node- 
positive patients, based on the results of [18F]FDG PET/CT 
pre-NAC and the MARI procedure in 93 patients [69]. Based 
on this algorithm, axillary treatment would be omitted in 
patients with 1–3 [18F]FDG-avid axillary lymph nodes on 
PET/CT and a tumor-negative MARI node; those with a pos-
itive MARI node would receive axillary radiotherapy, as 
would patients with four or more [18F]FDG-avid axillary 
lymph nodes and a negative MARI node. An ALND would 
be performed only in patients with four or more [18F]FDG- 
avid axillary lymph nodes and a positive MARI node after 
NAC. In their hands, treatment according to this algorithm 
would have resulted in 74% of patients avoiding an ALND, 
with potential undertreatment in 3% and overtreatment in 
17% of patients. Although promising, long-term results are 
lacking at the moment for both mentioned strategies.

Acknowledgements The current chapter is a revision of the original 
chapter written by G.  Manca, M.  Tredici, V.  Duce, S.  Mazzarri, 
F. Orsini, S. Chiacchio, A. E. Giuliano, G. Mariani in the previous edi-
tion of the book.

Key Learning Points
• Occult metastases may be found in up to 16% of 

H&E-negative SLNs after immunohistochemistry 
analysis; however detection of ITCs and microme-
tastases in SLNs does not contribute to survival.

• An increasing tendency has emerged to preserve the 
axilla, based on the ALND-related morbidity on 
one side and the changed clinical presentation of 
the disease and improved (systemic) treatment on 
the other side.

• Treatment of the axilla has changed from a dichoto-
mized treatment plan based on negative or positive 
SLNs toward a more tailored axillary treatment based 
on the axillary tumor load.

• Comparable axillary control seems to be achieved 
with locoregional radiotherapy compared to ALND 
in patients with SLN-positive disease.

• In patients with cT1 or T2 disease and 1–2 positive 
SLNs who are planned to undergo breast-conserv-
ing surgery with whole-breast radiotherapy, ALND 
may be omitted since ALND in these patients does 
not lead to improved survival.

• In patients with clinically positive axillary disease 
at diagnosis receiving NAC, a tailored axillary 
treatment algorithm based on a lymph node mark-
ing procedure pre-NAC and axillary tumor load at 
diagnosis ([18F]FDG PET/CT) may lead to a signifi-
cant reduction of ALND procedures while omitting 
the SLNB in these patients.
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Fig. 9.12 Anterior early (on the left) and delayed (on the right) planar images, displayed in superposition to anatomical models, showing unilat-
eral drainage to the left axilla with visualization of a single lymphatic duct and increasing uptake in a lymph node

 Clinical Cases

Case 9.1: SLN Mapping in Breast Cancer with 
Ipsilateral Drainage to the Axilla

Daphne D. D. Rietbergen, Lenka M. Pereira Arias-Bouda, 
and Renato A. Valdés Olmos

Background Clinical Case
A 75-year-old woman with invasive ductal breast carci-

noma was referred for SLNB. During staging of the left 
axilla no lymph node abnormalities had been detected on 

physical examination and ultrasonography (clinical stage 
T1N0).

Planar Lymphoscintigraphy and SPECT/CT Imaging
In the afternoon before surgery a subareolar injection 

with 78 MBq 99mTc-tilmanocept was administered in the left 
breast. After tracer administration, 5-min planar anterior and 
lateral static images were acquired at 15 min and 3 h using a 
dual-head gamma camera (Symbia T6, Siemens, Erlangen, 
Germany) equipped with low-energy high-resolution colli-
mators. In addition, SPECT/CT imaging was acquired after 
acquiring the delayed planar images using the same gamma 
camera.
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Fig. 9.13 SPECT/CT images displayed with volume rendering (first image) and transaxial (second image) show the SLN in level 1 of the left 
axilla and corresponding on low-dose CT (third image) to a round lymph node (circle)
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Case 9.2: SLN Mapping in Breast Cancer with 
Ipsilateral Drainage to the Axilla

Daphne D. D. Rietbergen, Lenka M. Pereira Arias-Bouda, 
and Renato A. Valdés Olmos

Background Clinical Case
A 74-year-old woman with invasive ductal carcinoma of 

the left breast was referred for the SLN procedure. During 
staging no lymph node abnormalities had been detected on 
physical examination and ultrasonography of the ipsilateral 
axilla (clinical stage T2N0).

Planar Lymphoscintigraphy and SPECT/CT Imaging
In the afternoon before surgery 75 MBq 99mTc- tilmanocept 

was administered by means of a single subareolar injection 
in the left breast. After tracer administration, 5-min planar 
anterior and lateral static images were acquired at 15  min 
and 3  h using a dual-head gamma camera (Symbia T6, 
Siemens, Erlangen, Germany) equipped with low-energy 
high-resolution collimators. In addition, SPECT/CT imaging 
was acquired after acquiring the delayed planar images using 
the same gamma camera.

Fig. 9.14 Anterior early (on the left) and delayed (on the right) planar images, displayed in superposition to anatomical models, showing unilat-
eral drainage to the left axilla with visualization of a single lymphatic duct and increasing uptake in two lymph nodes

9 Preoperative and Intraoperative Lymphatic Mapping for Radioguided Sentinel Lymph Node Biopsy in Breast Cancer



206

Fig. 9.15 SPECT/CT images displayed with volume rendering (first image) and transaxial (second image) show both SLNs in level 1 of the left 
axilla corresponding on low-dose CT (third image) to normal-size lymph nodes (circles)
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Case 9.3: SLN Mapping in Breast Cancer with 
Ipsilateral Drainage to Interpectoral and Axillary 
Lymph Nodes

Lenka M. Pereira Arias-Bouda, Daphne D. D. Rietbergen, 
and Renato A. Valdés Olmos

Background Clinical Case
A 56-year-old woman with invasive ductal carcinoma of 

the right breast was referred for SLNB. During staging no 
lymph node abnormalities had been detected on physical 
examination and ultrasonography of the right axilla (clinical 
stage T1N0).

Planar Lymphoscintigraphy and SPECT/CT Imaging
In the afternoon of the day before surgery 112 MBq 99mTc- 

nanocolloid was administered by means of a single intratu-
moral injection in the right breast. After tracer administration, 
5-min planar anterior and lateral static images were acquired 
at 15 min and 3 h using a dual-head gamma camera (Symbia 
T, Siemens, Erlangen, Germany) equipped with low-energy 
high-resolution collimators. In addition, SPECT/CT imaging 
was acquired after acquiring the delayed planar images using 
the same gamma camera.

Fig. 9.16 Anterior early planar image (on the left) showing ipsilateral drainage to the right axilla with visualization of a single lymphatic duct and 
initial uptake in a lymph node. In the delayed planar image (on the right) multiple radioactive lymph nodes are visualized
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Fig. 9.17 SPECT/CT images displayed with volume rendering (first 
image) and transaxial (second column) show two SLNs in level 2 of the 
right axilla as well as an interpectoral SLN. These radioactive lymph 

nodes correspond on low-dose CT (third column) to normal-size lymph 
node (circles)
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Case 9.4: SLN Mapping in Breast Cancer with Drainage 
to the Ipsilateral Internal Mammary Chain and Axilla

Lenka M. Pereira Arias-Bouda, Daphne D. D. Rietbergen, 
and Renato A. Valdés Olmos

Background Clinical Case
A 55-year-old woman with invasive ductal carcinoma of 

the left breast was submitted for SLNB. During staging no 
lymph node abnormalities had been detected on physical 
examination and ultrasonography of the left axilla (clinical 
stage T2N0).

Planar Lymphoscintigraphy and SPECT/CT Imaging
In the afternoon of the day before surgery 108 MBq 99mTc- 

nanocolloid was administered by means of a single intratu-
moral injection in the left breast. After tracer administration, 
5-min planar anterior and lateral static images were acquired 
at 15 min and 3 h using a dual-head gamma camera (Symbia 
T, Siemens, Erlangen, Germany) equipped with low-energy 
high-resolution collimators. In addition, SPECT/CT imaging 
was acquired after acquiring the delayed planar images using 
the same gamma camera.

Fig. 9.18 Anterior early planar image (on the left) showing ipsilateral 
drainage to the left axilla and internal mammary chain with visualiza-
tion of lymphatic ducts. On delayed planar imaging (on the right) mul-

tiple radioactive axillary lymph nodes are visualized as well as 
increasing uptake in the first draining internal mammary lymph node
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Fig. 9.19 In the SPECT/CT image displayed with volume rendering 
(first image left above) four radioactive lymph nodes are visualized in 
the area of the left axilla as well as an internal mammary lymph node 

with intense uptake at the left third intercostal space. On cross-sectional 
SPECT/CT slices the intercostal SLN is depicted (bottom on the left) as 
well as SLNs behind the breast, lower part of the axilla, and in level 2

L. M. Pereira Arias-Bouda et al.
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Case 9.5: SLN Mapping in Relapsed Breast Cancer with 
Tracer Migration to the Ipsilateral Internal Mammary 
Chain and No Axillary Drainage

Renato  A.  Valdés  Olmos, Lenka  M.  Pereira  Arias-Bouda, 
and Daphne D. D. Rietbergen

Background Clinical Case
A 51-year-old woman with relapsed invasive ductal carci-

noma of the left breast was referred for SLNB. In the past the 
patient had been treated with lumpectomy and SLN surgery due 
to a T1N0 tumor in the same breast. During current staging no 

lymph node abnormalities had been detected on physical exami-
nation and ultrasonography of the left axilla (clinical stage T2N0).

Planar Lymphoscintigraphy and SPECT/CT Imaging
In the afternoon of the day before surgery 110 MBq 99mTc- 

nanocolloid was administered by means of a single intratu-
moral injection in the left breast. After tracer administration, 
5-min planar anterior and lateral static images were acquired 
at 15 min and 3 h using a dual-head gamma camera (Symbia 
T, Siemens, Erlangen, Germany) equipped with low-energy 
high-resolution collimators. In addition, SPECT/CT imaging 
was acquired after acquiring the delayed planar images using 
the same gamma camera.

Fig. 9.20 Anterior early planar image (on the left) showing ipsilateral 
drainage to the internal mammary chain with visualization of a lym-
phatic duct. On delayed planar imaging (on the right) multiple radioac-

tive internal mammary lymph nodes are visualized. There is no drainage 
to the left axilla
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Fig. 9.21 SPECT/CT images displayed with volume rendering (first 
image) and coronal SPECT/CT with multiple intensity projection (sec-
ond image) show drainage solely to the ipsilateral internal mammary 

chain. The radioactive lymph nodes at the first rib and third intercostal 
space were identified as SLNs, as were further displayed on cross-sec-
tional SPECT/CT slices (third image)
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Case 9.6: SLN Mapping in Relapsed Breast Cancer with 
Drainage to the Contralateral Axilla

Renato  A.  Valdés  Olmos, Lenka  M.  Pereira  Arias-Bouda, 
and Daphne D. D. Rietbergen

Background Clinical Case
A 56-year-old woman with relapsed invasive ductal 

carcinoma of the left breast was referred for SLNB. In 
the past the patient had been treated with lumpectomy, 
axillary lymph node dissection, and radiotherapy due to a 
T2N1 tumor in the same breast. During current staging 
no lymph node abnormalities had been detected on physi-

cal examination and ultrasonography of the axilla (clini-
cal stage T1N0).

Planar Lymphoscintigraphy and SPECT/CT Imaging
In the afternoon of the day before surgery 105 MBq 99mTc- 

nanocolloid was administered by means of a single 
ultrasound- guided intratumoral injection in the left breast. 
After tracer administration, 5-min planar anterior and lateral 
static images were acquired at 15 min and 3 h using a dual- 
head gamma camera (Symbia T, Siemens, Erlangen, 
Germany) equipped with low-energy high-resolution colli-
mators. In addition, SPECT/CT imaging was acquired after 
acquiring the delayed planar images using the same gamma 
camera.

Fig. 9.22 Anterior early planar image (on the left) showing initial 
tracer migration close to the injection site. On delayed planar image (on 
the right) two radioactive lymph nodes are visualized in the contralat-

eral axilla. Note that the radioactivity in the vicinity of the injection site 
has disappeared
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Fig. 9.23 SPECT/CT image displayed with volume rendering (first 
image) showing a SLN and a second-echelon lymph node in the right 
axilla. Cross-sectional SPECT/CT section (above on the right) shows 

the SLN in level 1 of the axilla. This corresponds to a normal-size 
lymph node (circle) on low-dose CT (bottom on the right)

L. M. Pereira Arias-Bouda et al.
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Learning Objectives
• To acquire basic knowledge about the role of 

nuclear medicine imaging in the sentinel lymph 
node (SLN) procedure in cutaneous melanoma

• To learn the clinical indications and contraindica-
tions of sentinel lymph node biopsy (SLNB) in 
patients with melanoma

• To understand the variability in lymphatic drainage 
of the skin and the need to use preoperative lym-
phatic mapping to assess the different individual 
patterns

• To know the role of lymphoscintigraphy including 
SPECT/CT imaging to identify and localize SLNs
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10.1  Introduction

Melanoma is one of the most aggressive and treatment- 
resistant cancers, and its incidence is growing throughout the 
world [1].

In recent years the melanoma incidence stands for 10–14 
new cases/100,000 inhabitants per year in Central Europe 
and 6–10/100,000 inhabitants in Southern Europe. In the 
USA the incidence has risen to 10–25/10,000 inhabitants, 
and Australia and New Zealand show the highest incidence 
with 60 new cases/100,000 inhabitants per year [2].

According to the American Cancer Society, more than 
71,000 new cases of melanoma are currently diagnosed each 
year in the USA, and about 9500 deaths occur due to meta-
static disease.

Regional lymph nodes are frequently the first site of 
metastasis before systemic spreading of the disease. 
Metastatic involvement of lymph nodes is of paramount 
importance for prognosis in patients with intermediate- 
thickness (0.8–4 mm) melanomas. Other factors that worsen 
the prognosis include higher tumour thickness, presence of 
ulceration, and increasing mitotic rate [3].

Radioguided surgery plays an important role in mela-
noma, as SLNB is currently the procedure of choice for 
assessing regional lymphatic staging of these patients. This 
procedure includes lymphatic mapping by means of presur-
gical lymphoscintigraphy, which allows a precise SLN ana-
tomical localization [4].

The first descriptions of the lymphatic drainage of the 
skin were based on the work of the French anatomist 
Sappey, who injected mercury into cadavers to visualize the 
lymphatic channels. He reported drainage to the axilla and 
groin from the skin of the trunk, and identified a vertical 
midline zone anteriorly and posteriorly where drainage to 
lymphatic basins in both sides of the body tended to over-
lap. A similar zone was observed horizontally around the 
waist from the umbilicus to the area of the second lumbar 
vertebra. In these zones, called “Sappey’s lines”, drainage 

was said to be possible to either side in the case of the verti-
cal zone, or to either the groin or the axilla in the case of the 
horizontal zone [5].

Sappey’s concept of the predictability of lymphatic drain-
age of the trunk was accepted as correct for more than a cen-
tury, until it was modified by Haagensen et al. who enlarged 
the ambiguous zone to a 5 cm band down the midline and 
around the waist. The later addition of lymphoscintigraphy 
enabled to identify the great variability of lymphatic drain-
age throughout individuals not only for the different areas of 
the trunk, but also for areas with minor (e.g. extremities) or 
major (e.g., head and neck, scapular) unpredictability of 
drainage [6]. This superiority of lymphoscintigraphy in the 
delineation of the ambiguous zones of lymphatic drainage is 
illustrated in Fig. 10.1.

Presurgical lymphoscintigraphy currently constitutes the 
“roadmap” for guiding surgeons toward draining lymph 
nodes potentially harbouring metastasis and is extremely 
useful for identifying unpredictable drainage patterns that 
otherwise would not be considered.

New refinements have recently been added to this 
approach in order to improve the clinical results. In particu-
lar, the incorporation of SPECT/CT imaging to preoperative 
mapping has resulted in improved detection of additional 
SLNs not visualized in planar images, as well as in an accu-
rate anatomical localization providing to the surgeon specific 
landmarks for SLN excision. This advance has been accom-
panied by the development of novel tracers, such as 99mTc- 
tilmanocept (Lymphoseek®) or ICG-99mTc-nanocoll (bimodal 
or hybrid tracer), aimed at increasing the intraoperative SLN 
identification rate.

10.2  The Clinical Problem

The clinical outcome for patients with intermediate- thickness 
melanoma relies on adequate surgical control of the primary 
melanoma site and on the accuracy of regional and systemic 
staging at diagnosis. SLNB was initially indicated for 
patients with intermediate Breslow thickness (>1–4  mm). 
However, more recently, the biopsy may also be considered 
for thin melanomas that are T1b (0.8–1  mm or <0.8  mm 
thickness with ulceration) after a thorough discussion with 
the patient of the potential benefits and risks of harm associ-
ated with the procedure [7]. Due to the low risk of finding 
lymph nodal metastasis in melanoma lesions that are T1a 
(non-ulcerated lesions <0.8 mm thickness), SLN staging can 
be omitted in these patients. In lesions >4 mm SLNB is cur-
rently also offered, because it yields valuable prognostic 
information with positive SLN rates ranging from 30 to 40% 
in spite of the risk of synchronous distant metastases reported 
for this patients’ category [8].

• To understand the importance of SPECT/CT to 
localize SLNs in different anatomical scenarios for 
cutaneous melanoma

• To understand the possible use of different “signa-
tures” for SLN mapping based on the combination 
of intraoperative radioguidance and visual guidance 
with fluorescent tracers

• To preoperatively identify SLNs and to learn how 
this information can be transferred to surgeons for 
the intraoperative procedure
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Regional lymph nodes are the most common site of meta-
static dissemination from melanoma, and it is well known 
that physical examination of lymph nodes is inaccurate in up 
to 40% of patients. Non-invasive diagnostic imaging proce-
dures (CT, MRI, US, PET-CT) have been employed to rule 
out nodal involvement (stage N0), but their findings are not 
accurate enough to avoid invasive techniques, because small 
lymph node metastases cannot be reliably detected with any 
imaging modalities [9].

Nearly 20% of patients who present with a melanoma 
with Breslow thickness >1  mm have occult metastases in 
regional nodes (clinically non-palpable and difficult to be 
detected by ultrasound). Hence, a thorough pathological 
evaluation for early detection of metastasis is crucial. In the 
past, regional lymphadenectomy was routinely performed to 
stage clinically node-negative melanoma patients. However, 

a remarkable percentage (>75%) of patients with <4  mm 
Breslow thickness melanomas did not present lymph node 
metastases.

Therefore, lymphadenectomy exposed many patients to 
unnecessary surgical complications such as lymphedema, 
hematoma, seroma, wound infection and pain. Moreover, 
several randomized studies revealed no clear advantages of 
performing prophylactic regional lymph node dissection in 
terms of survival. The therapeutic value of immediate lymph-
adenectomy in the clinically node-negative patient has been 
one of the longest standing and most controversial issues in 
the clinical management of cutaneous melanoma [10, 11].

In the last 20 years, lymphadenectomy has progressively 
been replaced by the SLNB procedure, a minimally invasive 
method based on the hypothesis of stepwise spreading of 
melanoma through the lymphatic system, and on the defini-

Fig. 10.1 Superiority of mapping with lymphoscintigraphy (slightly 
brown) in comparison to classical skin watershed Sappey’s areas (pink) 
to define ambiguous drainage in the trunk. On the left, bilateral pericla-
vicular drainage (circles) is seen on superimposed lymphoscintigraphy 

for a parasternal primary melanoma (M), located definitely outside the 
Sappey’s area. On the right, bilateral axillary drainage (circles) is 
observed for a dorsal melanoma (M), located just outside of the 
Sappey’s line
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tion of the SLN as the node with a direct lymphatic drainage 
pathway from the primary tumour [12]. The classical SLNB 
concept implies that, in case of no SLN metastatic involve-
ment, the rest of the lymph nodes in the same regional basin 
could be considered as disease free, thus sparing these 
patients regional lymphadenectomy, which remains reserved 
only for those cases with SLN-containing metastases; the 
procedure therefore avoids unnecessary surgical complica-
tions in patients with tumour-free SLN.

In the past presurgical lymphoscintigraphy was used as a 
guide to determine which lymph node basins were to be sub-
jected to elective lymphadenectomy. Preoperative lymphos-
cintigraphy depicts all lymph node stations that might be at 
risk for metastases, thus providing a roadmap to guide the 
intervention. The continuous use of this technique disclosed 
lymphatic drainage to some basins not often considered as 
potential metastatic sites based on clinical judgement. 
Several studies have widened the zone of ambiguity around 
Sappey’s lines, and also demonstrated that drainage in the 
head and neck was quite unpredictable [13].

SLNB was introduced in 1992 by Morton and co- workers 
who used intradermal injection of vital blue dye intraopera-
tively to identify SLNs at the lymph node stations previously 
mapped with lymphoscintigraphy. In 1993, the use of the 
handheld gamma probe for intraoperative SLN detection was 
reported. Ever since, radioguided detection has been incor-
porated into SLNB in combination with intraoperative blue 
dyes. More recently gamma probe detection has overshad-
owed the use of vital blue dye, which is currently omitted by 
some groups [6, 14].

The SLN procedure is currently widely adopted by surgi-
cal oncologists as an alternative to elective lymphadenec-
tomy and to observation of patients with clinically negative 
regional lymph nodes, but at high risk of nodal metastasis.

One of the goals of SLNB is to identify those 20–25% of 
patients with clinically negative nodes who present with 
occult lymphatic regional disease at diagnosis. This mini-
mally invasive procedure can also identify those patients that 
are most likely to benefit from lymphadenectomy, thus mini-
mizing the morbidity associated with elective lymphadenec-
tomy, such as lymphedema and other complications. The 
technique also increases the identification rate of occult 
lymph node metastases, by guiding the pathologist to the 
lymph node (or nodes) most likely to contain metastatic dis-
ease, although there is a non-negligible false- negative rate 
[15, 16].

Regarding the therapeutic implications of this procedure, 
the Multicenter Selective Lymphadenectomy Trial-1 (MSLT- 
1) compared the outcome of patients with melanoma 
≥1.20 mm thick, who were randomly assigned to a SLNB 
arm (with complete lymph node dissection if the SLN har-
boured metastasis) or an observation arm (elective lymph 
node dissection in case of clinical nodal relapse).

At the 10-year follow-up, the rate of nodal relapse in 
cases with a negative SLNB was much lower than the nodal 
relapse rate in the observation arm (4% versus 17.4%). These 
results confirm that the SLN procedure is an effective and 
accurate staging tool capable of identifying patients with 
clinically occult metastases and selecting them for lymphad-
enectomy and locoregional disease control. As a conse-
quence, the SLN status was shown to be the single most 
important prognostic factor in patients with clinically node- 
negative disease [17].

On the other hand, indication for complete regional 
lymphadenectomy is currently limited taking into account 
the recent results from MSLT-II and DeCOG-SLT trials, 
which showed no melanoma-specific survival benefits 
between immediate lymphadenectomy and active ultrasound 
surveillance in patients with metastatic SLN melanoma.

The MSLT-II trial compared complete lymph node dis-
section versus ultrasound-based observation in 1755 SLN- 
positive melanoma patients. Even though the 
lymphadenectomy group after 3  years showed a slightly 
higher disease-free survival than the observation group (68% 
vs. 63%) due to a higher rate of disease control in the regional 
nodes (92% vs. 77%), no statistically significant 3-year 
melanoma- specific survival between the two groups was 
observed [18, 19].

The data of these two studies indicate that the decision to 
perform regional lymphadenectomy should not be made 
when a positive SLN is detected, but rather at the time when 
recurrence is discovered. These results have shown that 
active surveillance of the nodal basin is a safe and efficient 
way to identify patients who have more probability to benefit 
from delayed lymph node-directed treatment [7].

Anyway, SLNB clearly remains a cornerstone in the cur-
rent staging system with, either for SLN excision or for sur-
veillance, lymphoscintigraphy as an essential part of the 
approach in order to offer the best lymphatic mapping in 
every patient, particularly for avoiding potential misleading 
results.

10.3  Lymphatic Drainage of Skin 
and Lymph Nodal Groups

The skin has a very dense network of lymphatic capillaries 
and vessels. The paths followed by the collecting vessels on 
their way to the lymph basins vary from patient to patient 
and for every cutaneous location. These ducts can sometimes 
be very complex and unexpected. Lymphatic vessels join to 
form larger vessels or multiple vessels. These collecting 
ducts pass through the subcutaneous fat layer and penetrate 
into the deep fascia after reaching the lymph node basin.

On the other hand, the velocity of lymphatic flow is not 
the same in all regions of the body. Thus, the average lymph 
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flow velocity in the head and neck region is 1.5 cm/min; it 
increases in the posterior trunk to 3.9 cm/min, and is even 
higher in the forearm and hand (5.5  cm/min). The highest 
velocity of lymph flow is seen in the lower limb (10.2 cm/
min) [20].

Lymphatic drainage from the primary tumour is quite 
predictable when this malignancy is located in the extremi-
ties. Hence, a melanoma located in the lower limb usually 
drains to the ipsilateral groin, while a melanoma of the 
upper limb will drain to the ipsilateral axilla. However, 
drainage to alternative lymph node stations (such as the 
popliteal or the epitrochlear groups) may be observed and 
the drainage patterns from lesions in the head and neck area 
or in the trunk are less predictable. The concept developed 
by Sappey in the nineteenth century has remained unaltered 
until the last years of twentieth century, when new informa-
tion became available from lymphatic mapping studies 
using lymphoscintigraphy.

In fact, the more recent data from lymphoscintigraphy 
have modified the concept of Sappey’s lines, markedly wid-
ening the area of ambiguous drainage up to 20 cm or more 
instead of the original 5 cm (Fig. 10.1). In fact, lymphoscin-
tigraphy better reflects the high variability among different 
patients and more accurately depicts lymphatic drainage 
than the Sappey’s approach, which would predict drainage to 
the wrong node basin in 30% of patients [21, 22].

As lymphatic cutaneous drainage is highly variable, lym-
phoscintigraphy is currently mandatory. The reproducibility 
of this technique is very high, ranging from 84 to 96% in 
several studies [23].

The predictability of lymphatic drainage in cutaneous 
melanoma depends on the location of the primary lesions, 
being approximately 98% in the lower limbs, 88% in the 
upper extremities, 56% in the anterior thorax and 39% in the 
posterior trunk. Lymphatic drainage is almost completely 
unpredictable in the head and neck region. However, when a 
strict injection protocol is followed and the time interval for 
tracer administration is limited to just a few days, reproduc-
ibility can reach 100% as demonstrated in a head-to-head 
comparison in melanomas with different anatomical loca-
tions [13, 24, 25].

Nevertheless, learning the physiologic and “lymphoscin-
tigraphic” drainage patterns of the primary tumour’s location 
is crucial to estimate the draining basins most likely to be 
investigated preoperatively with lymphoscintigraphy 
(Table 10.1).

With increasing experience, interpretation of lymphoscin-
tigrams becomes more and more reliable. This means that 
fewer SLNs will go unnoticed by the nuclear medicine phy-
sician and by the surgeon. Since spatial resolution of gamma 
cameras is not expected to dramatically improve in the near 
future, advances in lymphoscintigraphy will most likely 
derive from the use of better radiopharmaceuticals (used 

either alone or in combination with non-radioactive com-
pounds) and from the improvement in SPECT/CT acquisi-
tion and reconstruction [26].

10.4  Indications and Contraindications 
for SLNB in Melanoma

The indication for SLNB in melanoma should be offered to 
and discussed with all patients with melanomas >1.0 mm in 
thickness and clinically negative regional lymph nodes on 
physical examination, and in whom the morbidity and risk 
are considered to be acceptable. However, SLNB can also be 
offered to patients with melanomas <1.0 mm and high risk of 
micrometastasis in the regional node basin (presence of 

Table 10.1 Possible lymphatic drainage and potential SLN location 
depending on the site of cutaneous melanoma

Melanoma 
location Expected drainage Unexpected
Foot, leg Femoral, inguinal Popliteal, external iliac
Hand, arm Axillary Epitroclear, arm, 

supraclavicular
Mammary Axillary Supraclavicular, parasternal
Thorax 
(anterior- 
posterior)

Axillary Subcutaneous, 
supraclavicular, parasternal, 
diaphragmatic, mediastinal

Head Pre- and post- 
auricular, 
submandibular

Cervical

Neck Cervical, 
supraclavicular

Axillary

Abdomen Axillary, inguinal Subcutaneous, paravertebral, 
para-aortic, parasternal

Key Learning Points
• In patients with cutaneous melanoma, SLNB has 

replaced regional lymphadenectomy, which exposes 
patients to unnecessary immediate and long-term 
surgical complications in >75% of patients with 
<4 mm Breslow thickness melanomas and a clini-
cally negative lymph node basin.

• The extensive use of presurgical lymphoscintigra-
phy has demonstrated failure in the Sappey’s con-
cept to accurately predict the pathway of lymphatic 
drainage for melanomas located in ambiguous areas 
around Sappey’s lines.

• High inter-patient variability in the patterns of lym-
phatic cutaneous drainage makes the use of preop-
erative lymphoscintigraphy a mandatory component 
of radioguided SLNB in patients with cutaneous 
melanoma.
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ulceration, high mitotic index and/or Clark IV/V invasion). 
Even though the indication for SLNB may be questioned in 
cases of very thick melanomas (>4 mm) due to a higher risk 
of systemic spread of the disease (via haematogenous dis-
semination) and concurrent lymphatic spread, SLNB can be 
performed as a strong predictive factor also in this subgroup 
of patients [27, 28].

The seventh edition of the AJCC/UICC Cancer Staging 
Manual published in 2010 has been widely adopted, although 
the eighth edition published in 2018 has introduced some 
changes in the classification system, concerning especially 
stages I–III [29]. The basic changes introduced can be sum-
marized as follows:

• Category T thickness is now rounded to the 10th decimal 
instead of the 100th decimal.

• The T1a and 1b stage border is at 0.8 mm.
• The mitotic rate (MR) is removed as a T1 staging 

criterion.
• The pT1b tumours now belong to stage IA disease.

The other T stages are subcategorized by tumour thick-
ness and presence of ulceration (a and b), as follows:

• T0: No evidence of primary melanoma.
• Tx: Breslow thickness cannot be determined.
• T1a: Non-ulcerated melanomas <0.8  mm Breslow 

thickness.
• T1b: Ulcerated melanomas of any Breslow thickness and 

non-ulcerated 0.8–1 mm Breslow thickness melanomas.
• T2a: Non-ulcerated melanomas >1  mm and <2  mm 

Breslow thickness.
• T2b: Ulcerated melanomas >1 mm and <2 mm Breslow 

thickness.
• T3a: Non-ulcerated melanomas >2  mm and ≤4  mm 

Breslow thickness.
• T3b: Ulcerated melanomas >2 mm and ≤4 mm Breslow 

thickness.
• T4a: Non-ulcerated melanomas >4  mm Breslow 

thickness.
• T4b: Ulcerated melanomas >4 mm Breslow thickness.

Regarding lymph node status (category N), the following 
changes in definitions have been adopted:

• The “microscopic” and “macroscopic” descriptors are 
redefined as clinically hidden (occult) and clinically 
detected (evident) metastases, respectively.

• Tumour burden is not used to determine groups in cate-
gory N.

• The presence of microsatellitosis, satellitosis or metasta-
sis in transit is now classified as Nc (N1c, N2c or N3c 
depending on the number of regional lymph nodes 
affected).

• Extranodal extension is not included in category N 
(Fig. 10.2).

Finally, regarding the metastatic status (category M), the 
following changes in definitions have been adopted:

• M1 is now defined by the anatomical site of metastatic 
disease and the serum lactate dehydrogenase (LDH) value 
for all subcategories of the anatomical site.

• A new designation of M is added (d) to include metasta-
ses in the CNS.

Among the main changes proposed in the eighth edition 
of the AJCC/UICC, mitosis is excluded as a prognostic fac-
tor; tumours with 0.8 mm Breslow thickness and ulceration 
have an indication to perform the SLNB, as do all those with 
Breslow thickness ≥1 mm. Thickness and ulceration remain 
the factors with the most predictive value. Any positive 
nodal state, including in-transit metastases, is considered 
stage III [30]. Table 10.2 summarizes the current indications 
and contraindication of SLNB for cutaneous melanoma 
patients.

10.5  Technical Issues

10.5.1  Radiotracers

After initial studies using blue dyes, lymphoscintigraphy 
was incorporated in the SLN procedure in melanoma using 
radiocolloids varying between 5 and 1000  nm in particle 
size. In general, radiocolloids used for preoperative lympho-
scintigraphy are mostly trapped in the SLN by the phago-
cytic activity of the macrophages and tissue histiocytes that 
line the subcapsular sinus of lymph nodes. Therefore, reten-
tion of radiocolloids in the lymph node is a physiological 
process, and it does not indicate the presence or absence of 
metastatic involvement in the node [22].

The speed of radiotracer migration from the injection 
site and the amount retained in the SLN depend on the size 
of the radiocolloids. Choice of the radiotracer for perform-
ing preoperative lymphoscintigraphy and SLNB has been a 
controversial issue. The ideal radiotracer would be the one 
with the highest uptake in the SLN, low retention at the 
injection site and minimal distribution to the upper tier 
lymph nodes. Optimally, small-sized radiocolloids (less 
than about 100  nm) migrate quite fast from the injection 
site through the lymphatic system visualizing lymphatic 
vessels with the ability to cover more lymph node stations, 
which may be important in anatomical areas of expected 
multidirectional drainage. Intermediate-sized particles 
(50–200 nm) migrate more slowly from the primary lesion, 
but exhibit a more prolonged retention in the SLN. Larger 
sized radiocolloids are retained longer in the SLN, and 
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lymphoscintigraphy usually visualizes only 1–2 nodes; in 
principle, this aspect can lead to an underestimation in the 
mapping of lymph node stations considered at risk of 
metastases. On the other hand, migration of larger particles 
from the interstitial administration site is very slow and 
therefore a longer acquisition time will be necessary to 
complete lymphoscintigraphy. Nevertheless, the choice of 
radiopharmaceutical varies according to geographic region 
and is usually guided by local legislation and commercial 
availability [31].

In Europe, the most commonly used radiotracer is the 
99mTc-labelled albumin nanocolloid, while in the USA 99mTc- 
sulphur colloid is used and in Australia 99mTc-antimony sul-
phide. Available radiotracers for SLN mapping in Europe 
include Nanocoll® (particle size range 5–80 nm), Nanoscan® 
(≤80 nm), Nanocis® (100 nm) and Sentiscint® (100–600 nm 
range, with average 200 nm).

There is no specific consensus regarding the activity to be 
injected, which should be adapted to the local logistics and to 
the time lapse between the injection and surgery. Activities 

M1a
DISTANT METASTASIS TO SKIN, SOFT
TISSUE INCLUDING MUSCLE, AND/OR

NON-REGIONAL LYMPH NODES
M1 defined by both

anatomic site of
distant metastatic

disease and serum
lactate

dehydrogenase (LDH)
value of all anatomic
site subcategories

The presence
of metastases in regional

lymph nodes is classified as:
-“a” = microscopic
(clinically occult)

-“b” = macroscopic
(clinically detected)

Criteria for N1a/b, N2a/b,
N3a/b remain
unchanged

The presence
of microsatellitosis,

satellitosis or metastasis
in-transit is indicated as
“c” and the categories
N1c, N2c or N3c are

depending on the number
of regional

lymph nodes affected if
there were any

M1c
DISTANT METASTASIS TO NON-CNS

VISCERAL SITES WITH OR WITHOUTH
M1a OR M1b SITES OF DISEASE

M1d
DISTANT METASTASIS TO CNS WITH

OR WITHOUT M1a, M1b, OR M1c
SITES OF DISEASE

N1
ONE TUMOR-INVOLVED NODE OR IN-

TRANSIT, SATELLITE, AND/OR
MICROSATELLITE METASTASES WITH

NO TUMOR-INVOLVED NODES

N2 
2-3 TUMOR-INVOLVED NODE OR IN-

TRANSIT, SATELLITE, AND/OR
MICROSATELLITE METASTASES WITH

ONE TUMOR-INVOLVED NODE

N3 
≥4 TUMOR-INVOLVED NODES OR IN-

TRANSIT, SATELLITE, AND/OR
MICROSATELLITE METASTASES WITH ≥2

 TUMOR-INVOLVED NODES, OR ANY
NUMBER OF MATTED NODES WITHOUT

OR WITH IN-TRANSIT, SATELLITE,
AND/OR MICROSATELLITE METASTASES

M1b
DISTANT METASTASIS TO LUNG WITH
OR WITHOUT M1a SITES OF DISEASE

Fig. 10.2 Schematic illustration of metastatic dissemination of cutane-
ous melanoma according to the eighth edition of TNM AJCC/UICC 
classification. Criteria for regional disease have been specified (frame-

work and circles) for N1, N2 and N3. Concerning distant metastases, 
the M1d category, concerning central nervous system (CNS), has been 
added to the M1a, M1b and M1c categories

Table 10.2 Indications and contraindications for SLNB in cutaneous 
melanoma

Indications
1.  Breslow thickness 0.8–1 mm with presence of ulceration. The 

risk of lymph node metastasis is approximately 5%
2.  Breslow thickness 1–4 mm. The risk of lymph node metastases 

increases from 8 to 30% and there is a consensus on the need to 
offer the option of radioguided biopsy for correct staging of these 
patients

3.  Breslow thickness >4 mm. Thicker melanomas have a high risk of 
distant metastases (about 40%), although lymph nodes are usually 
not clinically palpable. For this reason, the status of the SLN still 
offers valuable prognostic information and can be considered

Contraindications
1.  Extensive previous surgery in the region of the primary lesion or 

in the selected lymphatic region
2.  Patients with known metastases
3.  Breslow thickness <0.8 mm. It is usually not recommended to 

perform the SLN procedure in these patients because the risk of 
metastasis in the draining lymph nodes is 1%

4. Poor general condition and serious concurrent diseases
5. Known allergy to dyes or radiotracers
6. Radiation therapy on the lesion or the lymph node area
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usually range from 60 to 120 MBq, depending on the specific 
1-day or 2-day protocol employed. It has been demonstrated 
that both procedures are equally effective for SLN detection 
[32, 33].

Use of 99mTc-tilmanocept (Lymphoseek®), a new radio-
tracer designed specifically for SLN identification, has 
recently been approved by the Food and Drug 
Administration (FDA) in the USA (since 2013) and by the 
European Medicines Agency (EMA) in Europe (since 
2017). This tracer has unique properties for the identifica-
tion of SLN and lymphatic mapping, with the potential to 

overcome the difficulties observed with conventional 
radiotracers used until now [34] (Fig. 10.3). In particular, 
99mTc-tilmanocept is a mannosyl diethylene triamine 
penta-acetate (DTPA) dextran small 18 kDa molecule with 
a 3.5  nm hydrodynamic radius designed for selective 
molecular imaging of CD206 mannose receptor carrier tis-
sues. It has an average molecule size of 7 nm, which allows 
rapid entry into the lymphatic channels as well as into the 
blood capillaries, resulting in rapid clearance from the site 
of injection allowing the detection of SLNs located near 
the injection site.

a b

c d

Fig. 10.3 Four intradermal 99mTc-tilmanocept injections (74  MBq) 
were performed around the excision scar of a melanoma of the right 
cheek (a). Right lateral view on planar image showing injection site and 
several faint uptakes caudally (b). Volume-rendering reconstruction of 
SPECT/CT images shows focal uptake in right preauricular and level 

IIa cervical regions considered as SLNs (green arrows) and radiotracer 
progression to secondary cervical lymph echelons (not considered 
SLNs) (c). Due to the rapid washout from the injection site of 99mTc-
tilmanocept, activity from injection site did not interfere with the intra-
operative identification of the right preauricular SLNs (red arrows) (d)
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Concerning melanoma, 99mTc-tilmanocept has been pro-
spectively evaluated in two non-randomized phase III trials 
in comparison with vital blue dye. These trials showed that 
99mTc-tilmanocept has a very high rate of SLN identification. 
Besides its rapid clearance from the injection site and SLN 
uptake, there is also low further migration to second-echelon 
lymph nodes [35–37].

10.5.2  Radiotracer Injection

Usually the radiotracer is intradermally administered with 4 
or more (in some cases 2–4) injections (depending on the 
anatomic site) around the primary melanoma or around the 
excisional biopsy site. According to the EANM guidelines, 
radiotracer injection into the dermis raising a bleb within 
1 cm from the melanoma or the excisional biopsy scar is the 
most appropriate technique [38] (Fig. 10.4).

Subcutaneous injection is also feasible and probably eas-
ier to accomplish, but its application is not recommended 
because it is not able to delineate the route of lymphatic 
drainage from the overlying cutaneous site.

Use of Luer-Lock tuberculin syringes is recommended. 
The intradermal injection should be performed using a 25- or 
27-gauge needle. The needle is inserted in a direction as tan-
gent as possible to the skin surface at a few mm inside the 
skin; this technique avoids patient’s skin contamination and 
entails small volumes of radiotracer, just enough to produce 
a bleb in the skin.

Injections should surround the lesion or biopsy site to best 
provide lymphatic drainage in all directions. Alternatively, in 
upper limbs mapping may be accomplished by performing 
two injections proximal to the biopsy scar, an approach that 
can be employed also for lesions located in the foot and leg. 
When lesions are located in the thigh, it is advisable to inject 

in both sides of the scar or tumour. In other sites (the trunk, 
head and neck), it is mandatory to inject at least four aliquots 
around the lesion. In these latter patients, radiocolloid injec-
tions must be applied roughly equatorially around the lesion 
(at 3, 6, 9, 12 h), because lymphatic drainage may occur both 
cranially and caudally, as well as across the midline of the 
body. In the case of large excision scars, more injection 
depots must be given (Table 10.3).

Cutaneous lymphoscintigraphy is highly reproducible 
when the injection distance from the border of tumour/
scar does not exceed 10 mm. On the other hand, increas-
ing such distance may lead to injecting of the radiocolloid 
across a lymphatic watershed, thus visualizing other 
lymph nodes not reflecting the dissemination route of the 
primary melanoma. A larger distance from the primary 
lesion is only recommended in patients with hypertrophic 
scars and inflammation after biopsy, or in patients without 
lymph node visualization after the first set of injections 
(Fig. 10.5).

Topical anaesthetic medications may be used to diminish 
the pain, especially when the primary melanoma is in a sen-
sitive location (or when using a radiocolloid with low pH, 
such as 99mTc-sulphur colloid).

To avoid contamination, a sheet should be placed next to 
the injection site, and after each injection the skin should be 
covered with a swab before the needle is removed. In some 
patients lymphatic drainage is slow. If no tracer drainage is 
observed in dynamic or early static images, massage of the 
injection site or along the lymphatic vessels can be helpful.

The tracer is injected the day before surgery or, alterna-
tively, on the same day. Although no differences in SLN 
detection rate or false-negative rate have been found between 
these two protocols, the 2-day protocol may present some 
advantages with flexibility in the timing of lymphoscintigra-
phy and surgery. The 1-day protocol requires a good coop-
eration between the nuclear medicine staff and surgeons with 
respect to the estimated speed of lymphatic drainage in the 
affected region and the time to surgery. Intraoperative injec-
tion is not recommended because lymphatic drainage in 
melanoma may be aberrant or delayed to more than one 
nodal basin and because it is not always possible to obtain 
intraoperative imaging [38, 39].

10.6  Preoperative Imaging of SLNs

Preoperative lymphoscintigraphy is the first mandatory step 
in the SLN mapping procedure of melanomas and is consid-
ered to be an essential part of the procedure. It displays the 
flow of radioactive tracers through the lymphatic channels 
and discloses any alternative routes to different regional lym-
phatic basins. Depiction of lymph nodes located along the 
route of lymph drainage can be displayed and other nodes or 

Key Learning Points
• Suitable candidates for SLNB are those patients 

with melanomas with a Breslow thickness ≥0.8 mm 
with the presence of ulceration and with negative 
lymph nodes (clinically or by imaging methods).

• While there is an accepted consensus on the indica-
tion in patients with melanomas of intermediate 
Breslow thickness (0.8–4  mm), its indication in 
thinner (<0.8 mm) or thicker melanomas (>4 mm) 
is still a matter under investigation.

• In Europe the standard radiotracer for lymphoscin-
tigraphy is 99mTc-nanocolloid, in Australia 99mTc-
antimony trisulphide and in the USA 99mTc-sulphur 
colloid.
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a b c

d e f g

Fig. 10.4 (a) A superficial spread melanoma located at the bottom of 
the right ear. (b, c) Radiotracer injection around the margins of the 
lesion with a raising wheal upon injection of 0.1  mL of 99mTc- 
tilmanocept. Early planar images show radiotracer drainage to upper 
and lower ipsilateral cervical echelons (d). Delayed planar images 

reveal an additional small focus of activity located between the injec-
tion site and the upper cervical SLN (e). SPECT/CT (f, g) better identi-
fies this finding as an additional SLN adjacent to the mandibular ramus 
(yellow arrow)

Table 10.3 Recommended modalities of tracer injection for lymphoscintigraphy according to the location of the melanoma/scar

Toes and fingers
  Generally, the radiotracer is injected in 2–4 sites at the base of the nail. Local injections with lidocaine or xylocaine, surrounding the nail, 

are enough to provide anaesthesia in patients with subungual melanoma. After anaesthesia is obtained, the radiocolloid can be injected
Foot’s sole
  The sole of the foot is difficult to inject due to the characteristics of the skin. Anaesthesia involves local block of the sole of the foot, but 

generally a lidocaine injection suffices (though remaining painful). The area is quite bloody when the needle is inserted. Injecting 
radiocolloid into a callus or hyperkeratosis would show no migration

Scalp
  It is useful to shave the area to be injected. The skin of the scalp is difficult to inject, but should be kept in the intradermal site as the needle 

tends to penetrate slightly deeper than optimal. Contamination of the injection area is a real problem and a good coverage by a sheet around 
the injection site is required. Care must be given to avoid any leakage from the injection, since it can be a source of significant contamination

Ear
  The site of previous biopsy on the ear may be difficult to recognize. When patients are not able to precisely indicate the site of the excision 

scar, it is recommended to ask the surgeon or dermatologist to indicate the exact site of the biopsy. The injection is carried out at four poles 
surrounding the tumour, or the biopsy scar. The skin is quite loose, and thus the amount of anaesthesia and radiocolloid are generally 
increased in volume. Special care must be taken in the helix area, and preventing contamination of the injection site is of utmost importance

Trunk
  Injection in midline melanomas is not different than in other areas but image acquisition can be problematic, because the radiocolloid can 

drain to almost any lymphatic basin: axillary, groin or even supraclavicular, paravertebral or intra-abdominal nodes. In-transit or aberrant 
lymph nodes can also be found (parascapular area, paracostal nodes, submammary)

Other areas
  Injecting in areas of induration, inflammation or infection should be avoided, and these special circumstances should be discussed with the 

surgeon. Before injecting near the eye, it is convenient to place a gauze over the eye and to take adequate care of possible contamination
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paths could be observed if the original lymphatic flow pat-
tern has been altered or rerouted due to massive metastatic 
blockage of the lymph nodes or by other causes such as 
fibrotic changes related to previous interventions.

Lymphoscintigraphy provides a visual roadmap of lymph 
node locations prior to surgery and may show the timely 
order in which lymphatic flow reaches those nodes,  especially 
when a dynamic study is acquired [20, 26, 40–42]. Following 
injection, image acquisition is started as soon as possible 
covering all possible drainage routes and regions. A large 
field-of-view gamma camera is preferable, and dual- head 
cameras may be useful principally in the dynamic phase of 
the acquisition. The use of flood sources (57Co or 99mTc) 
placed beneath the patient’s body in order to highlight the 

body contours is helpful to provide some anatomical infor-
mation for the surgeon. If flood sources are not available, the 
use of a pointer to draw the silhouette of the patient’s body is 
recommended to give some anatomical reference. Low- 
energy high-resolution or ultrahigh-resolution collimators 
are recommended to better distinguish individual SLNs and 
to prevent star artefact of the injection place. The energy 
window in gamma camera settings should be 15% or 20% 
centred on the 140 keV photopeak of 99mTc.

Dynamic lymphoscintigraphy is essential to identify 
regional lymphatic basins and to differentiate true SLN from 
non-SLNs, which sequentially follow on the same lymphatic 
duct. A 10–20-min dynamic acquisition at the rate of 1 
frame/min in a 128 × 128 matrix is suggested to determine 

a c d

b e

f g

Fig. 10.5 Four intradermal injections of 99mTc-nanocolloid (111 MBq) 
were administered in close proximity to the excision scar in a 62-year- 
old man with cutaneous melanoma of the anterior trunk (a). Dynamic 
images showed direct migration of the radiotracer to the right axilla 
through two independent lymphatic channels and through a single 
channel to the left axilla (b). Even though early planar images showed 
only bilateral axillar drainage of the radiotracer (c), delayed planar 

images disclosed additional left supraclavicular drainage to lymphatic 
echelons also considered as SLNs (d). SPECT/CT images (e) with vol-
umetric reconstructions (f) improved anatomical localization of all axil-
lary and left supraclavicular SLNs. A portable gamma camera was used 
during surgery to identify and confirm SLN resection of the left supra-
clavicular area adjacent to the injection site (g)
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where the lymphatic collectors are directed. Lead shielding 
covering the injection site may be helpful during static image 
acquisition, in order to detect lymph nodes close to the injec-
tion site. However, the lead shield itself carries a risk of 
masking draining lymph nodes (Fig. 10.6).

Although somewhat time consuming, acquisition of 
dynamic images is crucial because a lymphatic channel 
directly draining to a lymph node may help to identify this 
node as a true SLN.

In melanomas of the hand/forearm or foot/leg, dynamic 
imaging should start over the injection site and follow the 
lymphatic drainage to the elbow and axilla or the knee/groin, 
respectively, to reveal ectopic basins and in-transit lymph 
nodes (popliteal, epitrochlear, etc.). For head and neck mela-

nomas, immediate imaging reduces the chance of missing a 
SLN because of rapid drainage from intradermal injections 
with uptake by superimposed lymph nodes.

After the dynamic acquisition, static early (30 min) and 
delayed (2–4  h) images after injection are obtained. For 
delayed imaging, 5-min static acquisitions in a 256  ×  256 
matrix size should be recorded over the potential lymph node 
field, in order to identify the collectors as they reach the 
actual SLNs (Fig. 10.7). This procedure is important since 
sometimes, especially in the groin for leg melanomas, some 
tracer will be seen passing through the SLN on to a second- 
tier lymph node. Usually SLNs are identified within 30 min 
after radiocolloid injection, but it is advisable to record 2-h 
images as well, due to the possibility of delayed or slow 

a b c

d

Fig. 10.6 Early dynamic planar images showing radiotracer drainage 
(99mTc-nanocolloid) to three SLNs through independent lymphatic 
channels (green arrows) in a 39-year-old man with melanoma of the 

right thorax (a–c). Delayed SPECT/CT study revealed an additional 
SLN closer to the injection site (d) that was hidden under the lead used 
during acquisition of planar images to mask injection activity
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drainage to other SLNs in different areas/basins and to dis-
tinguish first draining from second-echelon lymph nodes.

If no radiocolloid drainage is observed from the injection 
site during dynamic imaging, gentle massage for 5 min can 
help. If lymph nodes are not seen or are weakly visualized, 
additional delayed imaging may be considered up to 24  h 
after injection. If no visualization persists, reinjection of the 
radiocolloid is necessary. Reinjection must be also consid-
ered when SLN uptake is faint and patient will be operated 
on the second day.

Finally, the site of each SLN must be marked on the skin 
of the patient with the help of a 57Co or 99mTc point source. 
The study can be completed by confirming the exact location 
of the SLNs with the aid of a handheld gamma probe 
[43–45].

Lymphoscintigraphy is claimed to predict the metastatic 
burden in lymph nodes. Regarding this issue, a study in 509 
melanoma patients scheduled for SLNB showed that clear 
depiction of an afferent lymph vessel may be a sign of micro-
metastasis. On the other hand, the presence of macrometas-
tasis was associated with prominent afferent vessels, delayed 
display of the first radioactive lymph node and higher num-
ber of detected hot spots. In patients with bidirectional or 
lymphatic drainage to three basins, the SLN metastatic 
involvement rates for the first, second and third basin were 
25%, 12% and 0%, respectively [46].

Again, multiple lymphatic basin drainage is frequently 
observed in patients with trunk melanoma undergoing 
SLNB. Conflicting data regarding the prognostic association 
of this finding in SLN-negative and SLN-positive patients 
have been discussed. Some studies have reported that patients 
with negative SLNB results have better prognosis when two 
or more lymphatic basins are identified and analysed [47, 
48].

In positive SLN patients, visualization of multiple lym-
phatic drainage basins is not correlated with survival, which 
is mainly related to AJCC prognostic factors [49].

10.7  Contribution of SPECT/CT Imaging

When the pattern of lymphatic drainage is unclear or the 
SLNs are deeply located or located closely next to the injec-
tion site, conventional planar lymphoscintigraphy can some-
times be challenging to interpret for SLN identification. 
SPECT/CT involves scatter and attenuation correction of the 
images, thus resulting in superior scintigraphic contrast and 
higher resolution than planar imaging; the end result of these 
features is the possibility to provide accurate anatomical 
localization. The SPECT/CT information is capable of modi-
fying the evaluation of planar images in terms of number and 
localization of SLNs. Furthermore, SPECT/CT may discrim-

a b c
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Fig. 10.7 Early dynamic planar images show exclusive radiotracer 
drainage to right axillary lymph nodes in a 57-year-old patient with 
melanoma of the right back (a–c). However, delayed planar images dis-

played additional drainage to a contralateral axillary node, also consid-
ered SLN (d–g)
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inate more precisely the activity arising from two closely 
placed nodes that are usually depicted as one single hot spot 
on planar images [50].

SPECT/CT also provides anatomical localization of 
SLNs and is performed in addition to lymphoscintigraphy. A 
requirement for accurate SLN localization is that the CT 
component of SPECT/CT system must be of sufficient qual-
ity to provide adequate anatomical landmarks to be recog-
nized by surgeons. SPECT/CT is especially useful in obese 
patients to demonstrate SLNs not detected on planar images, 
as well as to show additional SLNs in other areas. Usually, a 
radioactive hot spot corresponds to a single lymph node on 
CT, but in some cases this image corresponds to a cluster of 
lymph nodes adjacent one to each other [51].

SPECT/CT imaging is remarkably useful for SLNB of 
head and neck melanomas, because in this anatomical area 
lymph nodes are often small and located close to the injec-
tion site, where the bulk of the injected radioactivity is 
retained for a long time. The high variability of lymphatic 
drainage pathways is the reason why in many cases elective 
neck dissections and/or parotid gland excision do not detect 
the SLN.  Knowing whether the node is located deep or 
superficial and whether it is within or outside the parotid 
gland has important surgical implications. The additional 
value of SPECT/CT is clear for patients with non- 
visualization on conventional planar scintigraphy and for 
patients with SLNs close to the tumour injection site. The 
benefit of SPECT/CT is also relevant for patients with mela-
noma of the trunk (Figs. 10.8, 10.9 and 10.10), while it is 
lower in patients with melanoma of the extremities [52].

A prospective multicentre trial of 262 patients demon-
strated the added value of SPECT/CT in melanoma as well 
as in other solid tumours, as SPECT/CT revealed 70 addi-
tional SLNs in 53 patients (25% additional nodes in head and 
neck melanoma, 25.5% in patients with upper limb mela-
noma, 20.5% in patients with trunk melanoma and 12.9% in 
patients with lower limb melanoma). The surgical approach 
was modified in 97 patients (37%): 41%, 39%, 33% and 30% 
of head and neck, trunk, lower limb and upper limb lesions, 
respectively. Based on these results, the authors of the study 
recommend the use of SPECT/CT imaging in all patients 
with melanoma of the head and neck and trunk and in all 
melanoma patients with unexpected drainage on planar 
images [53].

Even though the addition of SPECT/CT to SLN mapping 
in patients with cutaneous melanoma can increase the preop-
erative imaging costs, its implementation was associated 
with a 30% reduction in overall costs achieved by decreasing 
operative time and duration of hospital stay [54].

The SPECT images fused with the CT images show the 
SLN in 2D and 3D modalities, thus facilitating the recogni-
tion of non-lymph node foci of radiotracer accumulation. 
Volumetric rendering techniques with 3D viewing provide 

high anatomical detail images that assist in the interpretation 
of planar lymphoscintigraphy in anatomically complex areas 
of the body [55, 56] (Figs. 10.11 and 10.12).

In a study based on the retrospective evaluation of two 
historical cohorts, Stoffels et al. showed higher frequency of 
metastatic involvement and higher rate of disease-free sur-
vival associated with the use of SPECT/CT-aided SLNB 
compared with SLN mapping without SPECT/CT imaging 
[57].

Following the findings described above, a new multicen-
tre trial has been proposed in order to compare distant 
metastasis- free survival and metastatic lymph node detection 
in patients with cutaneous melanoma undergoing SLNB 
with preoperative SPECT/CT versus without preoperative 
SPECT/CT imaging [58].

Based on the advantages described above, SPECT/CT 
imaging is recommended in combination with planar 
lymphoscintigraphy. SPECT/CT acquired independently 
does not replace the sequential information provided by 
dynamic lymphoscintigraphy and subsequent planar 
imaging, which is the standard technique to identify the 
individual lymphatic collectors reaching the SLN, an 
essential aspect to distinguish an SLN from a secondary 
radioactive lymph node [59].

Key Learning Points
• The radiopharmaceuticals for lymphatic mapping 

(99mTc-nanocolloid, 99mTc-sulphur colloid or 99mTc- 
tilmanocept) are injected intradermally in several 
(2–4) aliquots around the primary melanoma or 
around the excisional biopsy scar.

• Lymphoscintigraphy usually includes an early 
dynamic acquisition for identifying regional lym-
phatic basins and to distinguish the true SLNs from 
second-echelon lymph nodes.

• Delayed static images acquired at 30 min and 2 h 
post-injection are generally sufficient for adequate 
preoperative imaging.

• SPECT/CT imaging provides an added value over 
planar imaging, to detect more SLNs and for more 
accurate anatomical localization of the SLNs; fur-
thermore, it enables to distinguish focal tracer 
uptake in a single lymph node from clustered lymph 
nodes.

• SPECT/CT imaging is highly recommended in 
patients with melanomas of the head and neck 
region, of the trunk, or in areas with high probabil-
ity of unexpected lymphatic drainage and 
non-visualization.

• SPECT/CT should always be performed in combi-
nation with planar lymphoscintigraphy.
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10.8  Intraoperative Approach

10.8.1  Intraoperative Use of Handheld Gamma 
Probe for SLNB in Melanoma

Besides the information provided by preoperative lymphos-
cintigraphy, the other main cornerstone of the technique is 

the ability of the gamma-detecting probe to guide the dissec-
tion and to identify the SLN. It is recommended to make a 
preliminary search with the gamma probe on the skin sur-
face, with the patient properly positioned on the operating 
table, prior to making the incision.

The scan with the gamma probe should be slow, thorough 
and systematic across the whole surgical field and should 

a b
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Fig. 10.8 Early (a, b) and delayed (c, d) planar images showing ipsi-
lateral axillary drainage of the radiotracer through three independent 
lymphatic channels in a 48-year-old man with 1 mm Breslow thickness 
superficial spread melanoma of the lower right back. SPECT/CT 

images with 3D reconstruction depicted high radiotracer uptake in right 
axillary SLNs and also improved anatomical localization of a more pos-
terior additional SLN adjacent to the anterior aspect of the right deltoid 
muscle (e)
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Fig. 10.9 A 42-year-old man with a 1.25 mm Breslow melanoma in the 
abdominal skin at the level of the xiphoid process. Planar lymphoscin-
tigraphy and SPECT/CT performed after administration of 74  MBq 
99mTc-nanocolloid in four intradermal injections around the excision 
scar. Anterior planar image (a) shows drainage to both axillae, with visu-
alization of lymphatic ducts. In the right axilla there is initial uptake in a 
first draining lymph node and in 2-s echelon nodes. In the left axilla SLN 

uptake is only visualized on delayed planar imaging (b). At the third 
intercostal space there is a parasternal SLN, anatomically localized on 
volume-rendering image (c). The axillary SLN on the right (d) was 
found to contain metastasis at histopathology, whereas the SLNs of the 
internal mammary chain (e) and left axilla (d) were tumour free. Note 
the focal radioactivity in the liver region behind the injection site (f), 
which is probably related to drainage through the falciform ligament

S. Vidal-Sicart et al.



235

Fig. 10.9  (continued)

d e f

Fig. 10.10 A 66-year-old patient with a 2.1 mm Breslow melanoma of 
the abdominal skin. Planar lymphoscintigraphy and SPECT/CT per-
formed after administration of 108 MBq 99mTc-nanocolloid in four 
intradermal injections around the excision scar. Volume rendering 
image (a) shows radioactive lymph nodes in both axillae. Early anterior 
planar imaging (b) shows three lymphatic ducts from the injection site 

to lymph nodes of the right axilla, and one to the left axilla. Four SLNs 
in the right axilla and one in the left axilla were removed, and found to 
be free of metastases. Note on the fused axial SPECT/CT image (c) a 
radioactive accumulation behind the injection site, which is probably 
related to uptake in a mesenterial lymph node

a
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start between the injection site and the area of drainage visu-
alized in the lymphoscintigraphy. Ideally, a low activity gap 
should be identified between the injection site and the 
increased activity corresponding to the SLN.  This activity 
should be optimally matched with the skin marking(s) made 
by the nuclear medicine staff at the time of lymphoscinti-
graphic imaging.

Special precaution should be taken when the injection site 
overlies or is within the field of view of the detector probe; in 
this regard, if possible, mobilization manoeuvres or attempts 
to direct the gamma probe opposite to the injection site 
should be made. Also, removal of the primary tumour prior 
to the SLN can help to reduce the activity arising from the 
injection site.

SLN-to-background ratios are usually between 10:1 and 
20:1, depending on the activity injected, time to surgery, etc. 
After in  vivo SLN identification and excision, the ex  vivo 
activity of the SLN should be recorded, as should also be the 
remaining activity in the surgical fields, to rule out the pres-
ence of other potential SLNs. Although a single SLN can be 
identified on planar lymphoscintigraphy, in practice there 
may be two adjacent lymph nodes seen as a single radioac-
tive focus on planar imaging (especially if SPECT/CT imag-
ing is not available); therefore, the lymphatic bed should 
always be reassessed. It is also mandatory to palpate the lym-
phatic region searching for enlarged or matted lymph nodes 
that could not be radioactive due to metastatic blockage, 
especially if an ultrasound study has not previously been per-
formed [38, 45].

10.8.2  Vital Dyes

Vital dyes can help in the operation room to visually confirm 
the lymphatic vessels connecting the primary tumour to the 
SLN.  Combining the information provided by presurgical 
lymphoscintigraphy with the intraoperative use of dyes and 
with the detector gamma probe offers the highest accuracy 
for SLN identification (Fig. 10.13). Their use in combination 
is recommended, although the additional benefit compared 
to the use of the radiotracer alone is less than 1% [60].

The vital dye may be especially important when the pri-
mary tumour is very close to the lymphatic basin, since the 
injected radioactivity (even after lesion removal) causes a 
high background count rate, which does not allow the detec-
tor probe to distinguish the SLN. Isosulfan blue 
(Lymphazurin) and Patent Blue are the dyes of choice for 
SLN mapping. Methylene blue is also used because of its 
lower cost, its lower risk of inducing anaphylaxis and its 
similar ability to detect the SLN compared with the other 
two dyes [61].

The blue dye can be injected around the primary tumour 
or scar (in a similar manner as the radiocolloid has been 
injected) 10–20 min prior to starting surgery, in a volume of 
0.5–1  mL.  The injection should be performed after the 
patient is anaesthetized (with either local or general anaes-
thesia) to avoid a painful injection. Five minutes of massage 
of the injection site enhances movement of the dye through 
the lymphatics to the SLNs. Blue dye is contraindicated in 
pregnant women and when earlier allergic reaction to blue 

b c

Fig. 10.10  (continued)
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Fig. 10.11 A 36-year-old man with a 2.8 mm Breslow melanoma of 
the left side of the back. Planar lymphoscintigraphy and SPECT/CT 
performed after administration of 71  MBq 99mTc-nanocolloid in four 
intradermal injections around the excision scar. On volume-rendering 
image (a) not only axillary lymph nodes are seen, but also a lymph node 

close to the injection site. This SLN was not depicted on planar imaging 
(b–d) and was localized by axial SPECT/CT (e) and CT (f) between the 
muscles in the intercostal space. All SLNs were surgically removed and 
found to be tumour free at histopathology
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Fig. 10.12 The day before SLNB, four intradermal 99mTc- nanocolloid 
injections (111 MBq) were performed around the skin graft after the 
excision of a 2.8 mm Breslow thickness left cervical melanoma in a 
41-year-old man (a). Planar images (b, c) showed drainage to a single 
left cervical lymphatic echelon (red circle) considered to be a single 
SLN (cervical level Vb). However, SPECT/CT images depicted three 

SLNs (green arrows), revealing two additional anterior SLNs (level Ib 
and IIa) in close proximity to the injection site (d, e). Intraoperative 
imaging with a portable gamma camera helped to discriminate activity 
arising from the injection site between the low laterocervical SLNs of 
the level Vb (connected with the red circle by a dotted line) and the 
additional anterior SLN (red arrow) (f)

e f

Fig. 10.11  (continued)
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dye has occurred. Another disadvantage is that the blue dye 
may cause, in some cases, a long-term tattooing of the wide 
excision skin limits; this is especially relevant in cases of 
head and neck melanoma patients.

It is important to note that vital dyes provide a small time 
window (approximately 45 min during surgery) before wash-
ing out from the SLNs [14].

10.8.3  Intraoperative Imaging

Although a handheld gamma probe is helpful in the majority 
of radioguided SLNBs, intraoperative imaging may provide 
a clear perspective of the location of the SLN in its anatomi-
cal surroundings, thus further facilitating the operation. The 
current technological advances in portable devices and the 

a b

c

d

Fig. 10.13 SPECT/CT imaging of the same patient shown in Fig. 10.6 
aided in the precise anatomical localization of all four SLNs, showing 
in the CT images three small subcutaneous lymphatic nodes and one 
left axillary lymph node corresponding to all four focal uptakes identi-
fied on the SPECT (a). Blue dye was injected in the operation room as 

a complementary method for visual identification of the SLNs (b, c). 
All in-transit nodes were found; all of them were blue-stained and were 
negative for metastases. (d) Final surgical picture of excision scars of 
the resected SLNs
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possibility of using new signatures (i.e., fluorescence) in 
addition to the conventional radiotracers have led to a chang-
ing paradigm: from the “see to open” approach to the “see, 
open and see again” approach. The combination of SPECT/
CT information with new portable imaging devices enhances 
the reliability of the gamma probe, especially in complex 
drainage regions and in areas where the SLN is very close to 
the injection site.

However, there is further room for improvement during 
the intraoperative approach, because these images are 
“static” and, although the classical tracer + blue dye combi-
nation enables to detect the SLNs in most cases, under some 
circumstances SLN retrieval is complicated or even 
impossible.

The combination of “hot” and “blue” in the operating 
room has been successful in  localizing the SLN in the 
expected lymph drainage basin. The blue dye is less effective 
in areas of aberrant drainage and also has a limited value in 
deep nodal basins. In cutaneous melanoma it is well known 
that the SLN identification rate in the head and neck is about 
85%, which is considerably less than the almost 100% suc-
cess rate commonly experienced for other locations. The 
head and neck as the site of a primary cutaneous melanoma 
has been found to be a predictive factor for a false-negative 
SLNB, as the false-negative procedures in this region have 
been reported to vary between 12 and 44% [62].

Portable small-field-of-view gamma cameras have been 
introduced to improve intraoperative detection of SLNs in 
addition to the handheld gamma probe. These devices allow 
real-time SLN visualization and confirmation of a complete 
lymph node resection. Some portable small-field-of-view 
gamma cameras can make a significant contribution, by indi-
cating the SLN location in the skin by means of laser or 
external radioactive pointers. This issue is especially valu-
able when the melanoma is located in the head or neck as 
well as for SLNs located close to the injection site, which is 
difficult to locate by the gamma probe on its own.

The use of these imaging devices in the surgical theatre 
enables to precisely adapt in real time the surgical incision to 
the skin marks previously made in the nuclear medicine suite 
at the time of lymphoscintigraphy and confirms the exact 
SLN location, considering that the position of the patients on 
the operating table may differ from that on the imaging table 
[63] (Fig. 10.14).

With these devices, an overview image is recorded before 
the start of SLNB in the operating room. To verify the com-
pleteness of SLN removal, another image must be acquired 
after excision. If a residual radioactive spot is visualized at 
the location of a previously harvested SLN, this additional 
node must also be resected and be assessed as a part of a 
cluster of nodes to be considered as additional SLNs. 
Furthermore, when positioned close to the skin, a high-reso-
lution portable gamma camera can detect SLNs at distances 
as small as only 3 mm from the injection site [64].

The acquisition of additional real-time scintigraphic 
images implies that the overall surgical time may increase 
depending on the level of team coordination. On the other 
hand, if a portable camera is not available, the surgeon may 
need to spend a significant amount of additional time seeking 
additional nodes or confirming that no more SLNs are likely 
to be found. Nevertheless, even when additional time is 
needed, this extra time could be worthwhile in this scenario 
of SLN procedures that are likely to be difficult, as the use of 
the gamma camera might reduce the possibility of missing a 
metastatic SLN [59].

It should be emphasized that portable gamma cameras do 
not serve as an intraoperative guidance in the same manner 
as conventional handheld gamma probes, since their size 
does not permit insertion in the surgical bed through the sur-
gical incision.

The added value in the use of these devices is that they 
allow resection of additional SLNs, some of which result to 
be metastatic. Therefore, this technique may reduce the 
false-negative rate of SLNB, while the SLN identification 

Fig. 10.14 After administration of 111  MBq of 99mTc-tilmanocept, 
planar images showed inguinal drainage of the radiotracer in a 74-year- 
old woman with melanoma of the left thigh (a). Portable gamma cam-

era provided preoperative localization (b) and intraoperative 
confirmation of left inguinal SLN excision (c)
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rate is increased and correct application of this intraoperative 
imaging procedure ensures that no SLNs are left in the surgi-
cal field [65].

New multimodality system configurations have been 
introduced combining optical and gamma imaging. Some 
groups proposed different solutions for better correlation of 
optical imaging with gamma imaging. Haneishi et  al. have 
proposed a parallel optical and gamma camera configuration 
resulting in a bimodal system that projects the scintigraphic 
image onto an optical image. On the other hand, Hellingman 
et al. evaluated a system that integrates an optical device with 
a portable gamma camera equipped with a pinhole collimator. 
Fused optical and gamma imaging makes it easier to relate in 
real time the position of the radioactive hot spots and the 
image field of view with the real-life situation [66–68].

Another device using the freehand SPECT technology 
has been introduced to allow for intraoperative 3D naviga-
tion by using a tracked handheld gamma probe or gamma 
camera with other fiducial markers in the patient. When 
using this device, the surgeon must scan the area of interest 
with the probe or gamma camera; facilitating the readings in 
counts per second supplied by these devices, the tracking 
system records these signals permitting a direct visualization 
of the distribution of radioactivity in the surgical field and 
providing exact lesion depth assessment. After all data are 
collected, a reconstruction algorithm generates a 3D image 
which is finally co-registered in real time with the image cap-
tured by a video camera focused on the surgical field. 
Location and depth of scanned radiolabelled tissue targets 
can be easily checked on the screen by the surgical team. 
This tool permits the generation of intraoperative 3D images 
of the radioactive SLN, also offering the possibility to load 
and fuse them in real time with tracked SPECT/CT studies 
previously acquired. This information can be visually super-
imposed on the patient’s body using incorporated augmented 
reality devices. Specific training in the use of the technique 
is required for data acquisition and for making several read-
ings during surgery, a procedure that may prolong the 
 operation time. Nevertheless, in both cases the results might 
improve the conventional technique [69].

Sulzbacher et al. found that freehand SPECT was able to 
not only provide precise anatomical information of the SLN 
location, but also reveal additional SLNs compared to 
SPECT/CT. They studied 39 patients with the primary lesion 
in different sites of the body. Surgery using radioguided free-
hand SPECT was performed the day after acquisition of pre-
operative lymphoscintigraphy (planar + SPECT/CT). Most 
interestingly, SPECT/CT data were integrated into the 3D 
navigation system to enable fast and direct localization of the 
SLN by displaying the depth of the node from the skin sur-
face to the gamma probe. Comparable preoperative imaging 
and intraoperative localization were observed in 18/39 
patients. Intraoperative freehand SPECT revealed additional 

lymph node sites in 10 of 14 patients in whom more SLNs 
were resected during surgery than those visualized preopera-
tively. The total mean surgical time using this device was 
66 min (range 36–133) [70].

Technological advances have been introduced not only in 
the intraoperative scenario. Different tracers and signatures 
are being continuously explored in order to reduce or solve 
the drawbacks observed with the use of radiotracers. In par-
ticular, the use of fluorescent agents for lymphatic mapping 
and SLN localization is expanding rapidly. Fluorescence has 
the advantage of providing real-time imaging, being rela-
tively cheap and user friendly and not interfering with the 
surgical area. Organic fluorescent dyes such as fluorescein or 
indocyanine green (ICG) have been used in human studies as 
an alternative to nuclear imaging methods. Nevertheless, 
intraoperative fluorescence guidance also has several draw-
backs, such as the limited penetration depth (maximum 
1 cm) in tissues [71].

The radiolabelled nanocolloid has been combined with 
ICG (ICG-99mTc-nanocoll) to assist the intraoperative identi-
fication of SLNs located in areas of difficult surgical access. 
These hybrid agents for bimodal imaging combine radioac-
tivity and fluorescence in one signature, providing the best of 
both worlds. In particular, preoperative lymphoscintigraphy 
and SPECT/CT are possible because of the radioactive “sig-
nature” of the hybrid agent, while the fluorescent “signature” 
allows recording high-resolution images in the operating 
room (Figs. 10.15 and 10.16). These hybrid tracers are capa-
ble of reproducing the exact pattern of lymphatic drainage as 
the parental 99mTc-colloid-radioactive tracer, thus allowing 
the combined use of presurgical lymphoscintigraphic plan-
ning and intraoperative near-infrared (NIR) optical detection 
[25, 72, 73].

A Dutch study compared this hybrid tracer with blue dye 
in 104 patients with melanoma. Optical SLN identification 
rate, made possible by the fluorescent signature of the hybrid 
tracer, was superior to that achieved with the blue dye, since 
SLNs were intraoperatively visualized in 97% of the cases 
with fluorescence, whereas only 62% of these nodes were 
stained blue. Interestingly, ex vivo examination of the excised 
SLNs confirmed the combined presence of a radioactive and 
fluorescent signature [74]. These findings are consistent with 
other studies showing that, although fluorescence imaging 
allows intraoperative identification of the SLNs, the limited 
tissue penetration does not allow accurate SLN mapping 
prior to surgery.

Nevertheless, it should be emphasized that each type of 
signal (radioactive or optical) must be explored with dedi-
cated, single-modality imaging/detection devices. Ongoing 
efforts aim at developing multimodal devices capable of 
providing all the potential of intraoperative imaging, 
thereby achieving greater reliability in the surgical proce-
dures [75].
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Fig. 10.15 Hybrid radiotracer (111 MBq ICG-99mTc-nanocolloid) was 
injected in a 54-year-old man with a 2.3 mm superficial spread mela-
noma located in right frontal scalp. Early dynamic planar images 
showed right cervical drainage of the radiotracer through two indepen-

dent channels (green arrows) (a). Delayed planar images disclosed con-
tralateral drainage to an additional left cervical SLN (b) localized in 
level IIa by SPECT/CT imaging (c)

Key Learning Points
• Handheld gamma probes are the most used devices 

to intraoperatively assess the SLN location.
• Blue dyes have been often used as a complementary 

agent for visual confirmation of SLN.
• Intraoperative imaging with portable gamma 

cameras or freehand SPECT helps to solve  
very complicate cases, although its use depends 
on each facility. The added value in the use of 

these devices is that they allow resection of  
additional SLNs.

• Fluorescent tracers as well as hybrid tracers are the 
step forward in the operating room, as the results 
obtained are better than those achieved with con-
ventional dyes.

• Hybrid tracers allow the combination of preopera-
tive lymphoscintigraphy and SPECT/CT imaging 
with intraoperative depiction of the SLN, thanks to 
their high resolution.
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10.9  Practical Considerations for SLN 
Mapping in Melanoma

10.9.1  In-Transit, Aberrant or Ectopic Lymph 
Nodes

Although the majority of cutaneous melanomas scheduled for 
SLNB drain to a predictable regional lymphatic basin based 
on localization of the primary tumour, drainage to lymph 
nodes outside of the expected lymphatic basins is frequently 
observed. The majority of SLNs are found in the major nodal 

basins (axilla, inguinal and cervical); in particular, predictable 
lymphatic drainage to the inguinal or axillary basins is 
observed in the majority of patients with cutaneous melanoma 
located in an extremity. In the groin, lymphatic drainage usu-
ally occurs to two or three superficial SLNs below the inguinal 
ligament. Sometimes lymph flow goes directly to Cloquet’s 
node or to obturator or iliac nodes, bypassing the aforemen-
tioned superficial lymph nodes. In the axilla there are most 
often one or two SLNs located in Berg’s level I.

A lymph node visualized along the lymphatic duct 
between the primary melanoma site and a regional lymphatic 

a b

c d

Fig. 10.16 Same patient shown in Fig. 10.8. At the time of injection, 
real-time images were obtained with a fluorescence camera (Hamamatsu 
FIS-00, Hamamatsu Photonics K.K., Shizuoka, Japan), showing drain-

age to the right preauricular region through two independent lymphatic 
vessels (a). Fluorescence provided visual confirmation during the intra-
operative identification of a preauricular SLN (b–d)
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basin is called in-transit, interval, aberrant or ectopic lymph 
node (depending on the definitions set by different investiga-
tors) and must be considered as a SLN regardless of its loca-
tion. This SLN can also be found in aberrant areas of 
drainage, such as the epitrochlear/epicondyleal nodal basin 
in the upper extremities, or the popliteal nodal basin in the 
lower extremities. In the thoracic-abdominal region, lym-
phoscintigraphy has deeply modified Sappey’s concept of 
lymphatic watersheds and ambiguous drainage.

Likewise, preoperative lymphoscintigraphic localization 
of in-transit (interval, aberrant) SLNs has been demonstrated 
in 6–12% of these patients. Metastatic disease is found in 
approximately 18% of these in-transit SLNs (a rate which is 
similar to the rate found in conventional lymph node basins), 
and the status of one basin does not predict the status of the 
other. The highest incidence of in-transit SLNs occurs in the 
posterior trunk, followed by the anterior trunk, the head and 
neck, the upper limbs and the lower limb areas. On the other 
hand, the use of preoperative lymphoscintigraphy has shown 
discordant results with clinical predictions of nodal drainage. 
In fact, the SLN is not always found in the closest nodal 
basin. Accurate SLN mapping helps to identify all nodes 
receiving direct lymphatic drainage from a primary tumour 
site, regardless of the location.

The presence of such lymph nodes has been reported in all 
regions, particularly in the parascapular and supraclavicular 
spaces (lying between muscles or in the subcutaneous fat); 
para-aortic, paravertebral and retroperitoneal regions; intercos-
tal zones; parasternal area; epitrochlear; popliteal; and even 
surrounding the skull (mainly in occipital area) [26, 76].

The incidence of metastasis in in-transit/aberrant SLNs 
appears to be quite similar in most studies, in the 14–22% 
range. In a review of 900 melanoma patients, it was reported 
that 19.5% of in-transit/aberrant lymph nodes harboured 
metastasis; 11 out of 15 of these patients also had metastatic 
involvement of at least one SLN in the expected lymphatic 
region, while the remaining 4 patients only had metastasis in 
the in-transit/aberrant SLN [77, 78].

When a cutaneous melanoma is located in the trunk region, 
preoperative lymphoscintigraphy drainage to multiple nodal 
basins has been demonstrated in 17–32% of patients undergo-
ing radioguided SLNB. A melanoma in the flank may drain to 
the groin or to the axilla, or to both. Melanomas located in the 
scapular region often drain to the axilla, but may also drain to a 
supraclavicular fossa or to an interval node located in the shoul-
der’s intermuscular space. In patients with melanoma of the 
lower trunk or lumbar region, there is often one SLN located 
cranially with respect to the inguinal ligament.

Several studies have demonstrated that the lymphatic 
drainage of melanomas of the head, neck and trunk cannot be 
reliably predicted. Multiple-basin drainage or interval lymph 
nodes may also be identified. This possibility highlights the 
importance of preoperative lymphoscintigraphy for these 

patients. Bilateral drainage can be seen in about 10–15% of 
patients, and visualization of multiple SLNs is frequent. It is 
also important to notice that the highly concentrated radioac-
tivity remaining at the injection site can obscure a nearby 
SLN. Therefore, lateral and oblique views are mandatory (as 
is SPECT/CT whenever available). In this regard, the aid of 
precise anatomical localization (SPECT/CT) and intraopera-
tive checking of a definite area of the body with a portable 
gamma camera may refine the procedure, especially in those 
cases where the SLNs are difficult to find [79–81].

In the current scenario, the management of in-transit/aber-
rant basins when a positive SLN is found is still controversial. 
Some authors consider that there is no need for a second pro-
cedure after obtaining a positive in-transit/aberrant SLN, 
while others perform a lymphadenectomy even with a low 
chance to find additional positive nodes. Considering this and 
the results of MSLT II, it seems clear that surgeons should 
refrain from routinely performing lymphadenectomy [82].

10.9.2  Head and Neck Location

SLNB of tumours in the head and neck region is especially 
challenging because of the great number of lymph nodes 
(>300) and because of the wide network of lymphatic vessels 
and vital structures that contributes to the complexity of lym-
phatic drainage in this area [83]. Furthermore, during lym-
phoscintigraphy the radioactivity remaining at the injection 
site can mask a SLN on planar imaging, and it is often hard 
to distinguish SLNs from second-echelon nodes.

A comparison between melanomas located in head or 
neck area and the results of presurgical lymphoscintigraphy 
with the expected drainage pattern derived from a predictive 
software showed a complete concordance in 80.4% of 
patients and partial in 12.2%, while discrepancy was 
observed in 7.4% of patients. In this regard, lymphoscintig-
raphy provides an added value to personalize lymphatic 
mapping in each individual patient and this imaging step is 
crucial to accurately detect the SLNs in head and neck mela-
nomas, especially when faced with aberrant lymphatic drain-
age in unpredictable locations [24].

SPECT/CT imaging is currently considered to be manda-
tory for better assessing and depicting SLNs located in the 
head and neck area. SPECT/CT is able to precisely discrimi-
nate between parotid zone and cervical level II lymph nodes 
and visualized additional nodes not seen on planar lymphos-
cintigraphy, as observed in 28% of the cases [84]. A more 
refined technique, if available, may include preoperative 
SPECT/CT, intraoperative imaging using portable devices 
and hybrid tracer (multimodal approach). This combined 
approach has demonstrated to be useful especially for 
tumours located approximately in the expected area of lym-
phatic drainage and/or close to the injection site [85].
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10.10  Technical Pitfalls in Lymphatic 
Mapping for Melanoma Patients

Although advances in the lymphoscintigraphic technique have 
led to a high SLN visualization in melanoma patients (virtually 
100%), there remain some pitfalls when interpreting lymphos-
cintigraphic images. In particular, there is the need to confirm a 
true nodal versus non-nodal sites of uptake, such as skin folds, 
radiopharmaceutical contamination and lymphangiomas, 
which are common causes of false-positive results on conven-
tional planar imaging. Addition of SPECT/CT to the SLN map-
ping has contributed to solving many of these conditions.

Contamination will occur if the needle is not tightly set, or 
the injection site leaks under pressure. Furthermore, leakage 
can result from high resistance to penetration of the injectate 
in the skin (typically, on the head, nose and sole skin). Injection 
of part of the radiocolloid into a blood vessel is another pitfall 
frequently observed. On the other hand, in some patients no 
apparent radiocolloid migration with absence of hot spot iden-
tification can occur, a situation that can be caused by several 
reasons: unsatisfactory radiocolloid quality, small amount of 
radioactivity injected, older patients, lymphatic blockade by 
metastatic cells, tumour involvement of the SLN, long interval 
between injection and lymphoscintigraphy, and also when a 
skin graft has been applied to cover the skin resection. Delayed 
images (up to 20 h after injection) can solve many of these 
cases, although a second set of radiocolloid administrations 
may be another option without postponing the operation.

Image acquisition must cover all areas draining from the 
injection site, since in-transit nodes can be missed if the path 
of radiocolloid is not followed. In areas below the knee, eval-
uation of the popliteal area is important. For sites below the 
elbow, the epitroclear and arm areas must be explored since 
SLNs at these locations can occur in about 10% of the 
patients. If a lead shield is placed over the injection site to 
reduce the shine-through effect, care must be taken not to 
mask a nearby SLN.

Dynamic and early static images are essential for identi-
fying SLNs as the nodes that receive direct lymphatic drain-
age from the tumour site. SLNs are not necessarily the hottest 
nodes, although it may often be the case. In melanoma, 
lymph nodes with a lymphatic duct of their own or single 
nodes in a basin may frequently be visualized and identified 
as definitely SLNs. Lymph nodes with increasing intensity or 
appearing between the injection site and the first draining 
nodes are considered high-probable SLNs. Nodes indicated 
as definitively or high-probable SLNs on lymphoscintigra-
phy must be sampled by surgeons, regardless of count rate. 
Some authors maintain that the surgical bed activity after 
lymph node resection should be <10% of the hottest 
SLN. However, this practical rule can only be applied in the 

SLN areas indicated or marked by nuclear physicians on the 
basis of preoperative imaging.

Delayed images are helpful for detecting SLNs close to 
the primary tumour (the injection site), which may have been 
obscured on early imaging, as well as for detecting lym-
phatic drainage to multiple nodal basins. After recording an 
anterior view, a lateral view in the groin is often helpful to 
identify collectors passing to deep iliac or obturator lymph 
nodes. In the head and neck region other views (such as 
oblique or vertex views) are often necessary after acquiring 
the conventional orthogonal views. Nevertheless, as summa-
rized above all these features today are more successfully 
solved by using SPECT/CT imaging.

10.11  The Dawn of a New Era?

The prognostic value of the SLN tumour status is no longer 
debated and has proven to be very useful for staging patients 
with melanoma [17]. In nearly all adjuvant phase III random-
ized controlled trials to date, completion lymphadenectomy 
has been mandatory; however, two recent randomized con-
trolled trials were unable to demonstrate improved survival 
with regional lymphadenectomy versus nodal observation in 
patients with positive SLN.  Patients with SLN metastases 
greater than 1 mm might benefit more from observation than 
from immediate lymph node dissection, and could poten-
tially be considered for adjuvant systemic therapy instead of 
lymphadenectomy [18, 19].

These results open a new scenario for accurate patient 
staging. Only 5% of patients with stage III melanoma are 
upstaged after lymphadenectomy compared to stratification 
based on ulceration versus non-ulceration of the primary 
tumour and diameter of SLN metastasis (>1  mm versus 
<1 mm) [86]. Thus, lymphadenectomy does not appear to be 
necessary for recommending adjuvant therapy.

Adjuvant immunotherapy with ipilimumab has led to 
improvements in overall survival, whereas therapy with 
nivolumab and pembrolizumab has improved relapse-free sur-
vival. Adjuvant therapy with dabrafenib and trametinib has 
improved survival outcomes in BRAF V600E- and BRAF 
V600K-mutated melanomas. Thus, routine lymphadenectomy 
in case of positive SLNs should be reconsidered, because rec-
ommending adjuvant therapy for these patients without lymph-
adenectomy is the next logical step and can reduce the associated 
surgical morbidity [87]. It is envisioned that the use of SLN 
staging will increase because of the introduction of effective 
adjuvant (and promising neoadjuvant) therapies. As stated in a 
recent consensus melanoma meeting in this era of modern adju-
vant therapy, patients with a positive SLN will be upstaged to 
stage 3 and will be eligible for adjuvant treatment [88].
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 Clinical Cases

Case 10.1: SLN Mapping in Melanoma of the Upper 
Back: Exclusive Drainage to SLNs in the 
Supraclavicular Fossa

Sergi  Vidal-Sicart, Núria  Sánchez, Andrés  Tapias, and 
Antoni Bennássar

Background Clinical Case
A 67-year-old man with a black, non-ulcerated lesion 

on the upper back region (near the right scapula) with der-
matoscopic features compatible with nodular melanoma, 
underwent excisional biopsy. Pathological analysis of the 
mole revealed nodular melanoma (7.0 mm Breslow thick-
ness, IV Clark). Physical and preoperative examinations 
(ultrasonography) did not reveal suspicious regional lymph 
nodes.

Lymphoscintigraphy
Lymphoscintigraphy was performed 20 h before SLNB, 

to define the draining lymphatic basin at risk for metastatic 

disease and to identify the corresponding SLN.  Four ali-
quots of 0.1  mL containing 27.5  MBq of ICG-99mTc-
albumin nanocolloid were injected intradermally around 
the margins of the surgical scar, since the primary lesion 
had already been excised for biopsy. A dual-detector 
SPECT/CT gamma camera (Infinia Hawkeye GE 
Healthcare, Milwaukee, WI) equipped with low-energy 
general-purpose (LEGP) collimators was used to obtain 
planar images of the abdominal region by early dynamic 
imaging (2 frames/min for 10 min, 128 × 128 matrix, zoom 
1.0) and 180-s delayed static imaging in anterior, and lat-
eral views (256 × 256 matrix, zoom 1.00) at 15 min and 2 h 
after injection. SPECT/CT imaging was recorded after 
acquiring the delayed images (2 h). Image reconstruction 
was performed using a Xeleris (GE Healthcare) Workstation 
and 3D volume-rendering images were generated with a 
dedicated software (OsiriX MD, Pixmeo, Geneva, 
Switzerland).

a b

Fig. 10.17 Intradermal injection of four doses of ICG-99mTc-nanocolloid around the biopsy scar on right parascapular area. (a) Dynamic lympho-
scintigraphy showed the progression of tracer to a “caudal” to injection site uptake (red arrow) that was considered the SLN (b)
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Fig. 10.18 Planar anterior view (a–c), with a lead covering injection 
site (d), and right lateral views (e) were subsequently acquired. The 
uptake was located anteriorly to injection site (red arrow). The fused 
axial SPECT/CT image (f) and volume-rendering images (g and h), 

precisely located two different foci of tracer uptake in the right supra-
clavicular fossa. This information was crucial to plan the optimal surgi-
cal approach
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Case 10.2: SLN Mapping in Melanoma of the  
Perianal Area: Drainage to Inguinal and Iliac  
Lymph Nodes

Sergi Vidal-Sicart, Antonio Seva, and Antoni Bennássar

Background Clinical Case
A 56-year-old man with a black- and brown-pigmented 

area in the left gluteus underwent excisional biopsy. 
Histology revealed a heavily pigmented dermal, asymmetric 
superficial spread melanoma, involving the dermo-epidermal 
junction (Breslow 1.5  mm, Clark’s level IV). Preoperative 
computed tomography (CT) of chest and abdomen was 
normal.

Lymphoscintigraphy
Lymphoscintigraphic delayed images were acquired 16 h 

before SLNB, to define the draining lymphatic basin at risk 
for metastatic disease and to identify the corresponding 
SLN.  Four aliquots of 0.1  mL each, containing in total 
111 MBq of ICG-99mTc-albumin nanocolloid, were injected 
intradermally around the margins of the surgical scar, since 
the primary lesion had already been excised for biopsy. A 
one-detector gamma camera (E-Cam, Siemens, Erlangen, 
Germany) equipped with low-energy high-resolution (LEHR) 
collimators was used to obtain planar images of the abdomi-
nal and chest regions by early dynamic imaging (1 frame/30 s 
for 10 min) and delayed static imaging (anterior and lateral 
views), with a 256 × 256 matrix and zoom factor 1.00.

a b c

d e f g

Fig. 10.19 Pigmented lesion located on the inner part of the left but-
tock, near the anal margin (a). Same location after excisional biopsy of 
the lesion (b). Schematic representation of the area of injection, around 
the biopsy scar (c). Anterior static acquisition of the thorax 30 min after 
radiotracer injections showing no drainage to potential in-transit or 
axillary nodes. Although very infrequent drainage has been observed 

coming from gluteal area, acquisition of one scan is recommended in 
order to rule out any uptake (d). A lymphatic duct, connecting inguinal 
and iliac lymph nodes, is clearly depicted in the anterior abdominal 
view (e). Left (f) and right (g) lateral views showing the different depth 
of these foci of uptake. Right lateral view showed the activity coming 
from the left nodes, but no right nodes appeared
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Case 10.3: SLN Mapping in Melanoma of the Back: 
Drainage to In-Transit Paravertebral, Flank Lymph 
Nodes and Bilateral Inguinal Basins

Sergi Vidal-Sicart, Antoni Bennássar, and Antonio Seva

Background Clinical Case
A 38-year-old woman with a lesion of the central lumbar 

region (L3 level) underwent excisional biopsy. Histology 
showed that the melanoma was in vertical growth phase, 
with epithelioid cells, and extended to the reticular dermis 
(Breslow 0.8  mm; Clark’s level III). No axillary or groin 
lymphadenopathy was detected at ultrasonography 
examination.

Lymphoscintigraphy
Lymphoscintigraphy was performed 17 h before SLNB, 

to assess the lymphatic drainage and identify the basins at 

risk for metastatic disease and to identify the correspond-
ing SLN. Aliquots of 0.4 mL containing in total 111 MBq 
of 99mTc-albumin nanocolloid were injected intradermally 
around the margins of the surgical scar located in lumbar 
zone. Dynamic study and delayed planar images were 
obtained with a single-headed gamma camera (E-Cam, 
Siemens, Erlangen, Germany) immediately after tracer 
injection (dynamic study lasting for 10  min and planar 
static images at 15 min and 2 h after injection). After the 
2-h delayed images, a dual-detector SPECT gamma cam-
era (Infinia Hawkeye GE Healthcare, Milwaukee, WI) 
equipped with low-energy general-purpose (LEGP) colli-
mators was used to acquire SPECT/CT imaging (SPECT 
acquisition: 120 3° frames, and 30 s/frame in a 128 × 128 
matrix, zoom 1.0).

a

b

Fig. 10.20 Upper row: Early planar images acquired 15  min after 
tracer injection (a). Anterior thoracic view showing the injection site 
(left image, bottom) and a tiny focus of uptake left to injection site, but 
no axillary drainage at all. Abdominal and inguinal area scan showed 
bilateral inguinal drainage through two well-defined lymphatic chan-
nels. A hot spot was clearly observed in both inguinal areas (central 
image). Right and left lateral views nicely demonstrated the lymphatic 
channels to inguinal area (right images). Lower row: Delayed planar 

images at 2 h after tracer injection (b). Anterior thoracic view showing 
no changes to the early image (left image). Abdominal and inguinal 
area scan showing bilateral inguinal drainage and the appearance of 
second-echelon nodes in every inguinal basin. A well-defined focus of 
uptake is now clearly identified in left flank at the same level of injec-
tion site. It was considered an in-transit SLN (central image). Right and 
left lateral views nicely demonstrated the corresponding SLNs in every 
area and the in-transit left flank (right images)
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Fig. 10.21 SPECT/CT reconstruction with axial slices, 3D volume- 
rendering and MIP images showing the complex drainage from the 
injection site. The images demonstrate the importance of SPECT/CT in 
this case. Two subcutaneous in-transit left flank hot spots were clearly 
seen in the volume-rendering image and in the corresponding axial slice 
(c left and right, respectively). Two different faint hot spots were 
observed in dorsal paravertebral area (d left and right) that were unno-

ticed in planar images. Volume-rendering and MIP images depicted all 
different tracer hot spots. A right paravertebral uptake (L3 level, near 
injection site) was discovered (e and f). During surgery, the in-transit 
left flank SLNs were intraoperatively imaged with a portable gamma 
camera equipped with an optical camera (g). Paravertebral nodes were 
not surgically pursued, although activity was demonstrated both with a 
portable gamma camera and with a handheld gamma probe
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Case 10.4: SLN Mapping in Melanoma of the Neck: 
Bilateral Drainage to Right Submandibular and Right 
Axillary Lymph Nodes

Sergi  Vidal-Sicart, Antoni  Bennássar, Núria  Sánchez, 
Erika Padilla-Morales, and John Orozco

Background Clinical Case
A 50-year-old woman with desmoplastic melanoma of 

the right-central neck, already surgically removed for biopsy. 
Histology showed that the melanoma was in radial growth 
stage and extended to the reticular dermis (Breslow 3.0 mm; 
Clark’s level IV, no mitosis per mm2 was present).

Lymphoscintigraphy
Lymphoscintigraphy was performed 17 h before SLNB, 

to define the draining lymphatic basin at risk for metastatic 
disease and to identify the corresponding SLN. Four ali-
quots of 0.1  mL each, containing a total activity of 

111  MBq of 99mTc-albumin nanocolloid, were intrader-
mally injected around the margins of the surgical scar. 
Dynamic study and delayed planar images were obtained 
with a single-headed gamma camera (E-Cam, Siemens, 
Erlangen, Germany) immediately after tracer administra-
tion (dynamic study lasting for 10  min and planar static 
images at 15 min and 2 h after injection). After  acquiring 
the 2-h delayed images, a dual-detector SPECT gamma 
camera (Infinia Hawkeye GE Healthcare, Milwaukee, WI) 
equipped with low-energy general-purpose (LEGP) colli-
mators was used to obtain tomographic images (SPECT/
CT). SPECT acquisition: 120 3° frames, 30  s/frame in a 
128 × 128 matrix and zoom 1.0.

Preoperative assessment was also performed with the 
Declipse freehand SPECT (SurgicEye, Munich, Germany) 
and a portable gamma camera (Sentinella, Oncovision, 
Valencia, Spain) in order to precisely mark the SLN localiza-
tion on the patient’s skin.

a b

c d

e

f

Fig. 10.22 Upper row: Early planar images performed at 15 min after 
tracer injection (a, b). Anterior and right lateral thoracic views showing 
the injection site and two lymphatic channels going cranially and cau-
dally to different lymphatic basins (neck and axilla). Lower row: 
Delayed planar images at 2 h after tracer injection (c, d). Anterior and 
right lateral thoracic views showing two hot spots in right cervical area 

(cranially to injection site). A faint uptake is depicted on the left-hand 
side, at similar level, corresponding to a new SLN (arrow). A right hot 
spot, caudally to injection site, is well depicted as axillary SLN. Volume- 
rendering images showing the precise anatomical location of these 
SLNs (e, f)
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Fig. 10.23 Upper row: Declipse freehand SPECT in cervical area (g). 
3D SPECT/CT data overlay showing the position of every SLN (left). 
Data collection with freehand technique using a handheld gamma probe 
(central). SLN depiction (arrows) after data reconstruction (right). 
Lower row: Sentinella portable gamma camera in cervical area (h). 
Right lateral cervical view demonstrating the uptake (arrow) cranially 

to the injection site corresponding to the SLNs (right). A tiny uptake 
(arrow) is depicted on the left-hand side, at similar level, corresponding 
to the left cervical level II SLN (central). Intraoperative activity (arrow) 
corresponding to the right cervical level II SLNs after the wide local 
excision of the lesion. A handheld gamma probe is used (as well as the 
portable gamma camera) to assess that activity (left)
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Case 10.5: SLN Mapping in Melanoma of the Head and 
Neck: Drainage to Ipsilateral Preauricular (Parotid) 
and Cervical Nodes

Andrés Tapias, Agustí Toll, Carles Martí, Andrés Perissinotti, 
and Sergi Vidal-Sicart

Background Clinical Case
A 59-year-old man with melanoma in the right frontal 

region (superficial spread melanoma, 1.8 Breslow thickness, 
IV Clark, 2 mitoses per mm2) was submitted to lymphoscin-
tigraphy for radioguided SLNB.

Lymphoscintigraphy
Lymphoscintigraphy was performed 18 h before SLNB, 

to define the draining lymphatic basin at risk for metastasis 
and to locate the corresponding SLN.  Four aliquots of 

0.1  mL each containing 18.5  MBq of 99mTc- Tilmanocept 
were intradermally injected around the margins of the sur-
gical scar, since the primary lesion had already been 
excised for biopsy. A single-detector gamma camera 
(E-Cam, Siemens, Erlangen, Germany) equipped with 
low- energy high-resolution (LEHR) collimators was used 
to obtain head-neck planar images, by early dynamic 
imaging (1 frame/30 s for 10 min) and delayed static imag-
ing (anterior and lateral views at 15  min and 2  h p.i.). 
SPECT/CT acquisition was performed with a dual-detec-
tor gamma camera (Symbia Intevo Bold, Siemens 
Healthcare, Erlangen, Germany) using a step-and-shoot 
protocol of 30 s/3° for a total of 60 views per camera head, 
128  ×  128 matrix, zoom factor 1.45. CT parameters 
included a current of 40 mA, a voltage of 130 kV and a 
slice thickness of 2.75 mm slice.

a

c

b

d

e

f

Fig. 10.24 Intradermal injections around biopsy scar located in right 
frontal area. In this part of the body it is not always easy to raise a wheal 
in the skin when injecting the radiotracer. (a–d) Early (15 min, e) planar 
imaging (right lateral view) shows two separate lymphatic channels 
leading to two separate areas of focal uptake of the tracer corresponding 

to two right cervical SLNs (red arrows), without specifying their topo-
graphic location. Two subsequent-tier nodes caudally to SLNs were 
also depicted (yellow arrow). Delayed (2 h, f) planar right lateral view 
showed the same SLNs and two more active nodes near the most caudal 
SLN
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Fig. 10.25 3D volume-rendering images and SPECT/CT fused images in axial plane show that were actually two cranial SLNs, one located in 
right preauricular zone (upper row) and the other within the right parotid gland (lower row)
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a

b

c

d

e

f

Fig. 10.26 Intraoperative images. A portable gamma camera 
(Sentinella, Oncovision, Valencia, Spain) was used to preoperatively 
demonstrate the activity of the tracer just before surgical procedure and 
to refine the skin marks done the day before (a, b). One millilitre of 
indocyanine green (25 mg/5 mL sterile water dilution) was preopera-

tively injected. A fluorescence camera (Hamamatsu FIS-00, Hamamatsu 
Photonics K.K., Shizuoka, Japan) was used to visualize lymphatic map-
ping, showing two separate lymphatic ducts confluent to right preau-
ricular area (c, d). After careful dissection, a preauricular node was 
clearly seen (e, f)
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Learning Objectives
• To acquire basic knowledge about the role of nuclear 

medicine imaging in the sentinel lymph node (SLN) 
procedure in head and neck malignancies

• To know when sentinel lymph node biopsy (SLNB) 
is indicated in patients with melanoma localized in 
head and neck

• To learn the clinical indication of SLNB in patients 
with oral squamous cell carcinoma

• To understand the variability in head/neck lymphatic 
drainage and the need to use preoperative lymphatic 
mapping to assess the different individual patterns
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11.1  Introduction

The two most important applications of SLNB in the head 
and neck region are melanoma and oral squamous cell 
cancer (OSCC). The SLN status provides relevant prog-
nostic information in patients with melanoma and also in 
oral cavity cancer a positive SLN is an unfavourable prog-
nostic factor. In general, SLN mapping is indicated for 
staging in patients with histologically proven melanoma 
or OSCC with clinically (palpation) and radiologically 
(ultrasound, CT or MRI) established node-negative (cN0) 
neck.

11.2  The Clinical Problem

SLNB in the head and neck region may be difficult due to 
complex anatomic relations and unpredictable lymphatic 
drainage. This is one of the most likely reasons for the 
relatively high false-negative rates found in the earlier 
studies on validation of the procedure in head and neck 
melanoma [1]. Generally, lymphatic drainage of melano-
mas located in the occipital region is expected to the dorsal 
areas of the neck, and for melanomas of the temporal 
region to the preauricular lymph node stations. However, 
in many cases unexpected lymphatic drainage is observed 
in multiple basins, including lower areas of the neck [2]. In 
OSCC, lymphatic drainage is also highly unpredictable, 
and contralateral drainage is often seen even in well-later-
alized malignancies of the tongue or floor of the mouth 
(Fig. 11.1). This crossing over has been observed in up to 
20% of the cases, although it is more frequent in larger 
tumours [3].

11.3  Indications for SLNB

In melanoma, patients with clinically and radiologically 
negative lymph node assessment (stage N0) are considered 
as good candidates for the procedure. SLNB was initially 
indicated for patients with intermediate Breslow thickness 
(>1–4  mm). However, more recently SLNB may also be 
considered for thin melanomas that are T1b (0.8–1 mm or 
<0.8 thickness with ulceration) after a thorough discussion 
with the patient of the potential benefits and risk of harms 
associated with the procedure [4]. Due to the low risk of 
finding lymph node metastasis in melanoma lesions that are 
T1a (non-ulcerated lesions <0.8 mm thickness), SLN stag-
ing can be omitted in these patients. In lesions >4 mm SLNB 
is currently also offered because it has proven to yield valu-
able prognostic information with rates of positive SLNs 
ranging from 30 to 40% in spite of the risk of synchronous 
distant metastases reported for this group of patients [5]. 
Especially now, in the era of immunotherapy, a positive 
SLN can discriminate between the indication for adjuvant 
immunotherapy and a wait-and-see policy [6, 7].

SLNB in OSCC is generally recommended for T1 or T2 
tumours, although criteria defining tumour stage can change 
as it has recently been illustrated in the new edition of the 
TNM classification [8]. Recent surgical consensus guide-
lines recommend that the most important selection criteria 
for SLNB are that the tumour can be reliably resected with 
adequate margins and the defect repaired locally without 
requiring access to the neck. This may allow the patient to 
avoid adjuvant therapy to the primary site [9]. Eligibility for 
SLNB consists of patients with biopsy-proven OSCC with 
clinically and radiologically established N0 neck.

• To know the role of lymphoscintigraphy and 
SPECT/CT to identify and localize SLNs

• To understand the importance of SPECT/CT to 
localize SLNs in the anatomical environment of the 
head and neck

• To preoperatively identify SLNs and to learn how 
this information can be transferred to head/neck 
surgeons for the intraoperative procedure

• To get basic knowledge about imaging report 
generation combining lymphoscintigraphy and 
SPECT/CT

Key Learning Points
• The two most important applications of the SLN 

procedure in the head and neck region are mela-
noma and oral squamous cell cancer (OSCC).

• The SLN status provides relevant information, as a 
metastatic SLN is an unfavourable prognostic 
factor.

• SLNB in the head and neck region may be difficult, 
due to complex anatomic relations and unpredict-
able lymphatic drainage.

• Eligibility for SLNB consists of patients with 
biopsy-proven OSCC or melanoma with clinically 
and radiologically established N0 neck.
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Fig. 11.1 An 81-year-old man with a T1 carcinoma on the right side of 
the lingual apex. After administration of 82 MBq 99mTc-nanocolloid in 
four injections into the mucosa around the tumour, early drainage to 
both sides of the neck is seen in anterior planar imaging (a), with sub-

sequent increasing lymph node uptake in delayed images (b). Volume- 
rendering (c–e) and axial SPECT/CT fusion images show the SLNs in 
level II on the right and in level III on the left. All SLNs were tumour 
free at histopathology
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11.4  Radiocolloids and Modalities 
of Injection

Although a number of different radiopharmaceuticals are 
suitable for the SLN procedure worldwide, in Europe the 
standard radiotracer for lymphoscintigraphy is 99mTc- 
nanocolloidal albumin. In general, use of radiotracers is pri-
marily based on the availability and different tracers are 
available in Australia (99mTc-antimony trisulphide) or in the 
United States (99mTc-sulphur colloid). More recently, the 
alternative radiotracer 99mTc-tilmanocept has become avail-
able in Europe and the United States; due to its small molec-
ular size (7 nm) and the high affinity of its mannose residues 
for mannose receptors on the surface of macrophages, this 
tracer combines a rapid clearance from the injection site with 
increased SN uptake, which can be an advantage in the head 
and neck area when SLNs are located in proximity of the 
primary lesion [10].

For both melanoma and oral cavity cancer an activity of 
60–80 MBq in a total volume of 0.4 mL is sufficient for ade-
quate visualization of lymphatic vessels and lymph nodes. In 
case of a two-day protocol with surgery the following day, 
the activity can be increased to 120 MBq or more to compen-
sate for the decay of 99mTc, which has a physical half-life of 
6 h. Four intradermal injections are used for melanoma (11), 
whereas in oral cavity malignancies the radiotracer is admin-
istered into the mucosa in 3–4 sites around the primary lesion 
[8]. The use of a local anaesthetic for topical application 
(10% xylocaine spray) a few minutes before radiocolloid 
injection is recommended for oral cavity tumours. In patients 
with melanoma generally no local anaesthesia is given. 
However, in areas such as the scalp or ear, injections are 
painful, and local topical anaesthesia is recommended. In the 
case of melanoma, radiocolloid administration must be 

applied intradermally, raising a bleb with each injection. 
Subcutaneous injection is easier to accomplish, but may not 
delineate the route of lymphatic drainage from a cutaneous 
site overlying the tumour. The radiocolloid must be adminis-
tered in close proximity to the lesion or excision site, not 
farther than 1 cm from the edges of the lesion or surgical scar 
[11]. This factor may be critical for melanomas of the ear, in 
which small excision scars are difficult to recognize; in the 
scalp it is sometimes necessary to shave the area to facilitate 
adequate radiocolloid injections. For OSCC, injection into 
the intact mucosa close to the tumour with subsequent com-
pression of the injection site with rolled swabs to immedi-
ately start dynamic acquisition is recommended. After 
dynamic scanning the patient should rinse the oral cavity 
without swallowing in order to reduce oral accumulation of 
non-injected radiotracer and to avoid saliva contamination 
[10]. For both melanoma and OSCC it is essential to identify 
the exact location of the lesion or excision site; in case of 
doubt the referring or operating physician should be 
consulted.

11.5  Preoperative SLN Imaging

The combination of planar lymphoscintigraphy and SPECT/
CT imaging is crucial for lymphatic mapping and SLN local-
ization in head and neck malignancies [10, 11].

Lymphoscintigraphy is based on sequential planar 
(2-dimensional) images depicting subsequent phases of 
lymph drainage. Due to the short distance between the 
injection site and the first draining lymph nodes in the head 
and neck region, dynamic images must be obtained as soon 
as possible after radiotracer administration. This approach 
frequently leads to the visualization of the lymphatic ves-
sels, whereas static planar images recorded 15  min post-
injection usually depict the first draining lymph nodes. 
Delayed static images (2–3 h after injection) enable to dis-
criminate SLNs from second-tier nodes. Static images are 
based on both anterior and lateral views. For lateral views, 
the patient is asked to turn the head, in order to enable posi-
tioning of the gamma camera as close as possible to the 
area of interest.

Planar images provide a 2-dimensional overview based 
on which SLNs can be localized and marked on the patient’s 
skin with the help of an external radioactive marker, such as 
a 57Co-source pen. Anterior images must be complemented 
by oblique or lateral images, in order to define the location 
of the lymph nodes relative to the neck levels. The SLNs 
thus identified are marked on the skin on the basis of lateral 
views, in order to mimic the position of the neck during 
surgery.

• In melanoma, SLNB was initially indicated for 
patients with intermediate Breslow thickness 
(>1–4  mm); current indications also include thin 
lesions that are T1b (0.8–1 mm or <0.8 thickness 
with ulceration) and tumours >4  mm (due to the 
high prognostic information with rates of positive 
SLNs ranging between 30 and 40%).

• A positive SLN in melanoma treatment (stage IIIC) 
indicates adjuvant immunotherapy.

• In OSCC SLNB is generally recommended for T1 
or T2 tumours that can be reliably resected with 
adequate margins and the defect repaired locally 
without requiring access to the neck.

R. A. Valdés Olmos et al.
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Interpretation of planar images may be difficult, because 
no anatomical information is provided and the 3-dimensional 
surface of the structures of the head and neck area is not 
visualized. Moreover, the injection site on planar imaging 
may mask SLNs located in the proximity of or underneath 
the injection area. To avoid masking of a SLN, injections 
inferior to the lesion may be omitted. Transmission images 
can be used to improve anatomical orientation; to obtain 
these images, a 57Co flood source is positioned so that the 
head of the patient is between the camera and the source dur-
ing static imaging.

To overcome the anatomical limitations of planar images 
SPECT/CT was incorporated in the preoperative SLN imag-
ing and its use is currently mandatory [8]. SPECT/CT is 
mostly performed after recording the delayed planar images. 
A SPECT/CT system consisting of a dual-head variable- 
angle gamma camera equipped with low-energy high- 
resolution collimators and a multislice spiral CT optimized 
for rapid rotation is generally used. SPECT acquisition is 
based on a 128 × 128 matrix and 25 s per view using 4°- to 
6°-angle steps. CT is based on 2 mm slices, and settings are 
aimed at obtaining a low-dose CT (e.g. 130  KV, 40  mAs, 
B30s kernel), which is appropriate for both attenuation cor-
rection and anatomic mapping. The head of the patient rests 
on a head holder in order to avoid motion during acquisition 
and possible misalignment between the SPECT and the CT 
acquisition. After reconstruction, SPECT images are cor-
rected for attenuation and scatter. Axial SPECT and CT slices 
are fused and are displayed in axial, sagittal and coronal ori-
entations [12]. A 3-dimensional volume-rendered image may 
also be generated and is helpful in providing an overview of 
the lymphatic mapping in addition to the cross- sectional 
analysis.

11.6  Lymphatic Drainage and Lymph Node 
Groups of the Neck

The lymphatic system of the head and neck includes approxi-
mately 250–350 lymph nodes divided into various nodal groups: 
the occipital lymph nodes, the retroauricular or mastoid lymph 
nodes, the preauricular nodes and deep parotid nodes, the jugu-
lar chain nodes, the superficial and deep cervical nodes, the buc-
cinator lymph nodes, and the submental and submandibular 
nodes. Lymph nodes of the spinal accessory chain are also 
included in the lymphatic network of the neck [13].

There are marked inter-subject variations in the lymphatic 
drainage of the head and neck. For instance for the scalp, 
drainage from the frontal zone is expected into the preauricu-
lar parotid lymph nodes, whereas the parietal zone drains to 
the retroauricular nodes and the occipital skin to the internal 
jugular or spinal accessory nodes. The face above the com-
missure of the lip and anterior to the pinna of the ear drains 
to the parotid lymph nodes, whereas the face inferior to the 
commissure of the lip drains to the cervical nodal basin. For 
the forehead, drainage is expected to the superficial parotid 
lymph nodes, whereas the lower lip, external nose, cheeks, 
upper lip and mucous membranes of the lips drain to the sub-
mandibular lymph nodes. For the central part of the lower 
lip, floor of the mouth and lingual apex lymphatic drainage 
to the submental nodes is expected [13].

Based on the classification according to Robbins et  al. 
[14] lymph nodes in the neck have been subdivided into spe-
cific anatomic subsites and grouped into seven levels in each 
side of the neck to facilitate adherence to guidelines for 
neck dissection (Fig. 11.2). Level I includes the submental 
(sublevel Ia) and submandibular (sublevel Ib) lymph nodes. 
Level II contains the upper jugular lymph nodes that extend 
from the inferior border of the hyoid bone to the base of the 
skull; in relation to the vertical plane defined by the spinal 
accessory nerve, the lymph nodes located anteriorly (medial) 
constitute sublevel IIa, and the nodes located posteriorly 

Key Learning Points
• In Europe the standard radiotracer for lymphoscin-

tigraphy is 99mTc-nanocolloid, in Australia 99mTc- 
antimony trisulphide and in the United States 
99mTc-sulphur colloid.

• The alternative radiotracer 99mTc-tilmanocept, cur-
rently available in Europe and the United States, 
combines a rapid clearance from injection site with 
increased SLN uptake, which can be advantageous 
in the head and neck area, where SLNs are usually 
located in the vicinity of primary lesions.

• For melanoma and oral cavity cancer an activity of 
60–80 MBq in a total volume of 0.4 mL is sufficient 
for adequate visualization of lymphatic vessels and 
lymph nodes. The activity can be increased to 
120 MBq or more in case of a 2-day protocol with 
surgery the following day.

• Local anaesthetics for topical application a few 
minutes before radiocolloid injection are recom-
mended for oral cavity tumours and in patients with 
scalp or ear melanomas.

• Lymphoscintigraphy is based on sequential images 
depicting subsequent phases of drainage to identify 
SLNs.

• SPECT/CT overcomes the anatomical limitations 
of planar images, by providing landmarks for local-
ization of SLNs in the operating room.

• SPECT/CT is mostly performed after recording the 
delayed planar images.

11 Preoperative and Intraoperative Lymphatic Mapping for Radioguided Sentinel Node Biopsy in Head and Neck Cancers
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(lateral) correspond to sublevel IIb. Level III includes the 
middle jugular nodes, and level IV the lower jugular nodes. 
The posterior border of regions II, III and IV is the posterior 
border of the sternocleidomastoid muscle, which is the ante-
rior border of level V. This latter group is composed of the 
sublevels Va (which includes the spinal accessory nodes) 
and sublevel Vb (which includes lymph nodes along the 
transverse cervical vessels) and the supraclavicular lymph 
nodes (with the exception of the Virchow node which is 
located on level IV). Level VI contains the pretracheal and 
paratracheal nodes, the precricoid Delphian node and the 
perithyroidal nodes including the lymph nodes along the 
recurrent laryngeal nerves. Finally, level VII includes the 
superior mediastinal lymph nodes above the level of the 
innominate artery. Levels VI and VII have recently been 
subdivided into sublevels VIa (anterior jugular nodes), VIb 
(prelaryngeal, pretracheal and paratracheal nodes), VIIa 
(retropharyngeal nodes) and VIIb (retro-styloid nodes) in 
order to facilitate the daily practice of radiation oncology 
[15]. This latter approach also recognizes the levels VIII 
(parotid group), IX (bucco-facial group) and X (posterior 
skull group) that is subdivided into Xa (retroauricular and 
subauricular nodes) and Xb (occipital nodes).

Fig. 11.2 Schematic 
illustration of the head and 
neck showing the levels for 
neck dissection (I–VII) and 
anatomical landmarks 
according to Robbins et al. 
[14]. The complementary 
levels utilized for radiation 
oncology are also displayed 
(circles) according to 
Grégoire et al. [15]

Key Learning Points
• The lymphatic system of the head and neck includes 

the following groups: occipital, retroauricular or 
mastoid, preauricular and deep parotid, jugular 
chain, superficial and deep cervical, buccinator, 
submental and submandibular as well as spinal 
accessory chain.

• Lymph nodes in the neck have been grouped into 
levels I–VII in each side of the neck in order to 
facilitate adherence to guidelines for neck 
dissection.

• Levels VI and VII have recently been subdivided 
into sublevels in order to facilitate the daily practice 
of radiation oncology. This latter approach also rec-
ognizes the additional levels VIII–X.

• Some important reference anatomical points to 
localize SLNs in relation to surgical levels are mus-
cles (e.g. sternocleidomastoid, digastric, omohy-
oid), vessels (e.g. jugular vein), organs (e.g. parotid 
gland) and other structures (hyoid bone, cricoid 
cartilage).

R. A. Valdés Olmos et al.
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11.7  Intraoperative SLN Detection 
in the Head and Neck

A gamma ray detection handheld probe is routinely used for 
intraoperative detection of the SLNs in the head and neck 
region. Blue dyes currently are less used because of inconsis-
tent results in the head and neck [9]; due to the fast lymphatic 
migration of vital blue dyes SLNs in the head and neck 
region are frequently not stained blue. This limitation has led 
to combine radioguided detection with real-time near-infra-
red fluorescence imaging using hybrid tracers making blue 
dye unnecessary [16].

The gamma probe provides an acoustic signal when 
pointed straight towards the radioactive lymph node(s). 
Deeply located SLNs can be difficult to detect because of 
tissue attenuation, while the relatively large amount of radio-
activity at the injection site may cause adjacent SLNs to be 
missed (Fig. 11.3). Checking the position of the SLN with 
the gamma probe is necessary prior to skin incision. This is 
particularly important in sites such as the submandibular 
region, where the skin marking guided by the gamma camera 
is less accurate and may be masked by the injection site. 
Also, after removing SLNs the activity of the injection site 
can complicate the measurement of the residual activity in 
the excision fossa.

11.8  Intraoperative Imaging for SLNB 
in the Head and Neck

A number of portable and handheld small-field-of-view 
gamma cameras have recently been developed to provide 
intraoperative visualization [17]. The entire lymph node 
excision procedure in the head and neck area can be moni-
tored with a portable gamma camera, as these images pro-
vide an overview of all radioactive hot spots in the surgical 
field. SLNs located close to the injection site are easily 
overlooked using the gamma probe, but can be visualized 
with a gamma camera. If it turns out to be difficult to 
localize intraoperatively a SLN that had been identified 
during preoperative imaging, the intraoperative gamma 
camera may be able to show the surgeon where the node is 
located.

Furthermore, by detecting residual radioactivity after exci-
sion of the SLNs, the portable gamma camera can help to 
assess completeness of the procedure. This may replace 
application of the so-called 10% rule associated with the use 
of the gamma probe (resection of nodes with 10% of the 
lymph node with the highest radioactivity and/or at least ten-
fold background radioactivity) during surgery. Imaging after 
excision can also lead to finding of additional SLNs in more 
than 20% of the cases [18]. In some cases, intense radioactive 
uptake at the site of the SLN on preoperative imaging corre-

sponds to a cluster of SLNs. Imaging after excision of the first 
hot node can reveal the remaining SLNs. Acquiring intraop-
erative images only takes a few minutes, but, if more lymph 
nodes are found and excised because of intraoperative imag-
ing, the procedure is likely to be prolonged.

Although intraoperative visualization of SLNs with a por-
table gamma camera may optimize intraoperative detection 
of SLNs in the head and neck region, further improvements 
in the SLNB procedure can be achieved by combining the 
use of the intraoperative gamma camera with fluorescence 
cameras for simultaneous SLN signal detection using hybrid 
tracers such as indocyanine green (ICG)-99mTc- nanocolloid 
[16, 19]. The high resolution of the fluorescent signal com-
plements the radioguided localization especially when the 
SLNs are located close to the injection site, for instance in 
patients with malignancies of the floor of mouth and sub-
mental SLNs, or in periauricular melanomas and SLNs 
located in the parotid region (Figs. 11.4 and 11.5).

Key Learning Points
• Handheld gamma detection probes are routinely 

used for intraoperative SLN detection in the head 
and neck region. Blue dyes are currently less used 
and are gradually being replaced by fluorescent 
agents and hybrid tracers (with combined radioac-
tivity/fluorescence signatures).

• Checking SLN location with the gamma probe prior 
to surgical incision is particularly important in the 
submandibular region, where the skin marking 
guided by the gamma camera is somewhat inaccu-
rate and may be masked by the injection site.

• Intraoperative use of a small-field-of-view gamma 
camera can show where SLNs are located, espe-
cially when they are close to the injection site and 
may be easily overlooked using the gamma count-
ing probe only.

• Use of a portable gamma camera can also help to 
assess completeness of the procedure without 
resorting to application of the 10% rule for gamma 
probe counting during surgery.

• Intraoperative visualization of SLNs with a portable 
gamma camera can be combined with fluorescence 
cameras for simultaneous SLN signal detection 
using hybrid tracers such as 
ICG-99mTc-nanocolloid.

• The high resolution of the fluorescent signal com-
plements the radioguided localization when SLNs 
are close to the injection site in patients with malig-
nancies of the floor of mouth and submental SLNs, 
or in periauricular melanomas and SLNs in the 
parotid region.
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Fig. 11.3 A 46-year-old woman with a left infra-auricular melanoma 
(5 mm Breslow thickness). Planar lymphoscintigraphy and SPECT/CT 
performed after intradermal administration of 70  MBq 99mTc- 
nanocolloid divided into four injections around the excision scar. 
Volume rendering (a, b) and fused axial SPECT/CT (c) show a SLN in 

level II, very close to the inferior part of the injection site. This lymph 
node was not seen in the planar lateral (d) and anterior (e) images. The 
SLN localized during surgery with a portable gamma camera (f) was 
tumour free at histopathology

11.9  Contribution of SPECT/CT Imaging

SPECT/CT can optimize SLN visualization and localiza-
tion in the head and neck region. In melanoma patients 
SPECT/CT has been reported to visualize 29% additional 
SLNs in the parotid/preauricular region and 44% in level 
Vb in comparison with planar imaging acquired during 
lymphoscintigraphy [20]. These additional SLNs found 
on SPECT/CT imaging increase the likelihood of retriev-
ing a tumour- positive SLN [21] and decrease the false-
negative rate. Especially lymph nodes adjacent to the 
injection site are more frequently detected by SPECT/CT 
than by planar imaging. Furthermore, non-nodal radioac-
tivity accumulation (radiocolloid leakage or contamina-
tion, possibly causing false-positive scintigraphic 
findings) can be more easily identified on the basis of 
SPECT/CT images [10].

Also in OSCC SPECT/CT has been able to identify a 22% 
additional SLNs in the neck, and in 20% of the patients with 
at least one positive SLN the only positive node was detected 
thanks to SPECT/CT imaging [22].

SPECT/CT is very useful for exact anatomic localiza-
tion of the SLNs. In the head and neck area it is very 
important to identify the anatomic correlates of SLNs 
with the various vascular and neural structures, in order to 
be able to safely remove these lymph nodes without dam-
aging such important anatomic structures. SPECT/CT can 
localize these SLNs with reference to anatomical struc-
tures such as the mandible, parotid gland, jugular vein and 
sternocleidomastoid muscle. SPECT/CT also shows 
whether the nodes are located superficially underneath the 
skin or hidden below other structures. SPECT/CT thus 
provides crucial anatomical reference points for planning 
the optimal surgical approach. The superior localization 
information provided by SPECT/CT frequently leads to 
modifying of the surgical approach, with significant short-
ening of operation times.

Location of a melanoma in the head and neck has been 
found to be a predictive factor for a false-negative SLNB, 
and the number of false-negative SLNBs reported for this 
region is higher compared to other areas [1]. This relatively 
high number might be reduced by optimal preoperative 
localization with SPECT/CT.

Another advantage is the possibility to correlate findings 
of fused SPECT/CT with those of the CT component, which 
has been significantly improved in the new generation of 
SPECT/CT devices, making it possible to obtain more accu-
rate morphological information in the head and neck. In 
many cases radioactive SLNs correspond to single nodes. 
However, in some cases the radioactive signal on SPECT/
CT may correspond to a cluster of lymph nodes on CT. This 
preoperative information may lead to more careful post-
excision control after removal of the first radioactive lymph 
node [10].

11.10  Common and Rare Variants for SLN 
Mapping in Head and Neck Cancers

On lymphoscintigraphy the preauricular lymph node 
basin usually receives drainage from melanomas of the 
face, anterior and coronal midline scalp, and coronal 
neck. In contrast, the ipsilateral level II lymph node field 
can receive drainage from any region in the head and neck 
area [23]. More specifically, expected drainage of mela-
nomas of the coronal and posterior scalp is to lymph 
nodes of neck level V and the suboccipital nodes; drain-
age to neck level II, the parotid area and retroauricular 
areas is less frequent. Anterior scalp melanomas are 
expected to drain to levels I–III or IV, but on lymphoscin-
tigrams drainage to level V has been observed. In lateral-
ized scalp melanomas unexpected contralateral drainage 
is also seen. Drainage from posterior scalp melanomas to 
high occipital scalp SLNs can also be observed. 
Preauricular melanomas drain usually to levels I–III or IV 
and to the parotid basin, while SLNs are rarely found in 
level V. For melanomas on the ear, drainage is expected to 
levels II–V, but can also occur towards occipital and 
parotid nodes.

Melanomas of the upper face, nose and lower face can 
drain to nodes of levels I–III or IV, or to the parotid region, 
while drainage to SLNs in level V has been more rarely 
observed.

Melanomas located in the neck may frequently drain to 
levels I–IV and, depending on the location (anterior or dor-
sal, lower or upper), to level V or to the parotid area. More 
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rarely occipital SLNs have been seen in melanomas of the 
posterior upper neck [2] (Fig. 11.6).

Oral cavity malignancies located in the lateral tongue and 
posterior floor of the mouth generally drain to ipsilateral 
neck level II nodes [24]. However, drainage to levels I and III 
is also possible, as well as drainage to contralateral lymph 
nodes (Fig. 11.7). From the anterior floor of the mouth and 
lingual apex drainage to level I is expected; however, not sel-
dom bilateral drainage to level II/III can be observed.

11.11  Technical Pitfalls During SLN 
Mapping in Head and Neck Cancers

The most frequent pitfall is skin contamination. The high 
pressure of the intradermal bleb can result in leakage during 
injection, or after removal of the needle. This may occur 

more frequently on the skin of the scalp, ear and nose. The 
use of a surgical type light to adequately visualize the site of 
injection and a fenestrated drape to cover the area may help 
to avoid contamination.

Also in oral cavity tumours some contamination may be 
observed after peritumoural injections; for this reason, it is 
recommended to cover the injection site with rolled swabs to 
absorb tracer and blood after injection, in order to start as 
soon as possible with the dynamic phase of the acquisition. 
After dynamic scanning, it is mandatory to request the 
patient to rinse the oral cavity without swallowing in order to 
reduce oral uptake of non-injected radiotracer and to avoid 
saliva contamination.

The hot spots due to contamination may be confused 
with SLNs in the vicinity of the tumour, thus leading to 
unnecessary intraoperative pursuit. In head and neck mel-
anomas skin decontamination following verification of 
contamination is crucial. Complementary SPECT/CT 
imaging may also help in detecting these skin artefacts 
and especially remnant activity in areas of the oral 
cavity [10].

Another pitfall may be caused by differences in patient 
position between the time when projection of the SLN is 
marked on the overlying skin in the nuclear medicine 
department and the time of surgery. Verifying the site of 
incision in the operation room using a gamma probe or 
the portable gamma camera helps solving this problem. A 
pitfall related to SPECT/CT may be caused by misalign-
ment between acquisition of the SPECT and of the CT 
component, which can cause spurious results in the ana-
tomical localization of SLNs. Immobilization of the head 
and, if necessary, use of manual image alignment help to 
prevent/correct this artefact. Another important pitfall is 
the “shine- through” phenomenon in the floor-of-the-
mouth tumours, due to the close proximity of the injec-
tion side with the draining basin. Especially SLNs in 
level I are easily missed because of this occurrence.

It is recommended to analyse not only the attenuation- 
and scatter-corrected SPECT images but also the non- 
attenuation- corrected and non-scatter-corrected SPECT 
images and to vary the intensity levels of the displayed 
SPECT images during analysis, in order to detect low-uptake 
SLNs that may otherwise be missed.

Fig. 11.4 A 59-year-old man with a 2 mm Breslow thickness mela-
noma of the left ear. A total of 88 MBq of the hybrid imaging agent 
99mTc/ICG-nanocolloid was injected into four sites around the lesion in 
the border of the ear. Planar lateral image (a) shows drainage to the left 
side of the neck. Volume rendering (b) and axial SPECT/CT (c, d) show 

the radioactive lymph nodes in level II and behind the parotid gland. 
After incision at the site marked on skin (e), two SLNs in level II and 
two in the parotid area were found using the radioactive (f) and fluores-
cent (g) signals. The SLNs were smaller than 3  mm (h) and were 
tumour free

Key Learning Points
• In melanoma and OSCC, SPECT/CT imaging visu-

alizes significantly more SLNs than planar imaging 
of lymphoscintigraphy.

• SPECT/CT localizes SLNs with reference to ana-
tomical structures such as the mandible, parotid 
gland, jugular vein and sternocleidomastoid muscle 
and also shows whether the nodes are located super-
ficially underneath the skin or hidden below other 
structures.

• Sometimes the radioactive signal on SPECT/CT 
may correspond to a cluster of lymph nodes on the 
CT component. This preoperative information may 
lead to more careful post-excision control after 
removal of the first radioactive lymph node by the 
surgeon.

• OSCCs located in the lateral tongue and posterior 
floor of the mouth generally drain to ipsilateral neck 
level II nodes. From the anterior floor of the mouth 
and lingual apex drainage is expected to level I.

• Melanomas of the upper face, nose, lower face and 
preauricular area usually drain to levels I–III or IV 
and to the parotid basin.
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Fig. 11.5 A 64-year-old 
woman with a 5 mm Breslow 
thickness melanoma in the 
posterior area of scalp. 
Volume rendering (a) and 
fused axial SPECT/CT (b) 
show bilateral drainage to two 
SLNs in the occipital region. 
These SLNs, localized 
intraoperatively by detecting 
the radioactive (c) and 
fluorescent (d) signals, were 
free of metastasis
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Fig. 11.6 A 64-year-old 
woman with a 3 mm thickness 
Breslow melanoma of the 
posterior part of the neck. 
Volume-rendering (a, b) and 
fused SPECT/CT axial 
images (c, d) show drainage 
to upper part of the left neck 
(with SN(s) in the occipital 
region and in level II) as well 
as to the left axilla. Note that 
on planar imaging (e) one of 
the neck lymph nodes is 
masked by the injection site. 
The occipital SLN was 
tumour positive. The SLNs in 
level II and in the axilla were 
also tumour free
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11.12  Accuracy of Radioguided SLNB 
in Head and Neck Cancers

In early series concerning head and neck melanomas, false- 
negative rates appeared to be higher (>10% in various series) 
than the 2–3% value commonly reported for other sites [25]. 
However, when performed by experienced head and neck sur-
geons, the SLN procedure may achieve negative predictive val-
ues close to 98%, similarly as for other cutaneous malignancies 
[26]. Nevertheless, head and neck localization remains a factor 
associated with more false-negative SLNBs in patients with 
melanoma compared to other anatomical locations [27].

Concerning OSCC, the negative predictive value has var-
ied from 93 to 100% on the basis of 2–5-year follow-up stud-
ies, with reduced sensitivity for floor-of-the-mouth cancers 
[28]. This is one of the most important reasons in recent sur-
gical guidelines to recommend surgical exploration in level I 
of the neck in this latter patient category in the case that pre-
operative lymphatic mapping does not detect radioactive 
nodes in this area. Furthermore, the use of additional porta-
ble imaging devices, fluorescence dyes, hybrid tracers (ICG- 
99mTc- nanocolloid) and more specific radiotracers such as 
99mTc-tilmanocept is strongly recommended [9] to reduce 
false-negative results (Fig. 11.8).

a

b c d e

Fig. 11.7 A 60-year-old 
woman with a T1 carcinoma 
of the right border of the 
tongue. SPECT/CT performed 
2 h after peritumoural 
administration of 80 MBq 
99mTc-nanocolloid. Early 
imaging had depicted two 
early draining lymph nodes 
on the right side of the neck. 
Volume rendering (a) and 
axial SPECT/CT localized 
these SLNs in level II (b, c) 
and level III (d, e) of the 
neck. Only the SLN of level 
III was found to contain 
metastasis at histopathology
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Key Learning Points
• The most frequent pitfall in the SLN procedure  

for melanoma is skin contamination; the high 
pressure of the intradermal bleb during injection 
or after removal of the needle may lead to 
leakage.

• In OSCC, mouth contamination with non-injected 
radiotracer may be observed after peritumoural 
injections; in order to avoid this pitfall, it is manda-
tory to ask the patient rinse the oral cavity without 
swallowing.

• A general pitfall may be caused when skin marking 
of the SLN in the nuclear medicine department is 
performed with the neck positioned in a different 
manner than during surgery.

• In floor-of-the-mouth cancer, when SLNs are not 
detected in level I consensus guidelines recommend 
surgical exploration of the level.

• The use of additional fluorescence dyes, hybrid 
tracers (ICG-99mTc-nanocolloid) and specific radio-
tracers such as 99mTc-tilmanocept is strongly recom-
mended to reduce false-negatives in areas close to 
the primary tumour.

Fig. 11.8 Surgical exploration of level I of the neck. In upper row, a 
SLN (circles) in a patient with a melanoma of the lower part of the right 
cheek is depicted using SPECT/CT (first two images) and subsequently 
removed (middle images) after intraoperative detection (circle) using a 

portable gamma camera. In lower row, a SLN (circles) depicted by pre-
operative SPECT/CT and intraoperative portable gamma camera is sub-
sequently removed using a fluorescence camera thanks to the 
peritumoral administration of the hybrid tracer ICG-99mTc-nanocolloid

11.13  Reporting SLN Mapping

Identification of SLNs in the nuclear medicine report is cru-
cial to facilitate excision biopsy in the operating room. 
Specific practical guidelines to generate imaging report in the 
SLN procedure have recently been described for oral cavity 
cancers [10]. A similar approach must be employed for head 
and neck melanoma. This includes (Fig. 11.9) the description 
of each component of the lymphatic mapping as follows:

 1. For dynamic studies: lymphatic ducts directly draining 
from the injection site as well as the visualization of bilat-
eral or unilateral drainage.

 2. For early and delayed static images: the number and 
uptake intensity of first-echelon nodes, number of second- 
echelon nodes and additional lymph nodes appearing on 
delayed images in other basins.

 3. For SPECT/CT imaging: additional SLNs, localization of 
SLNs with reference to anatomical landmarks (vessels 
and muscles) and surgical levels.

In the conclusion it is necessary to specify the following:

 – The skin marking in surgical position of the identified 
SLNs
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 – The anatomical localization of SLNs on SPECT/CT key 
images, indicating their location with reference to mus-
cles (e.g. sternocleidomastoid, digastric, omohyoid), ves-
sels (e.g. jugular vein), organs (e.g. parotid gland), other 
structures (hyoid bone, cricoid cartilage), lymph node 
groups and surgical levels

 – Secondary findings on the low-dose non-enhanced CT 
component of the study, including enlarged nodes, 
 cluster of nodes, incidental findings and other 
abnormalities

to be described for Lymphoscintigraphy:
- UNI or MULTIDIRECTIONAL DRAINAGE

- LYMPHATIC DUCT VISUALISATION
- LYMPH NODE STATION

- NUMBER & UPTAKE INTENSITY
(SENTINEL) LYMPH NODES
- SLNs MARKED ON SKIN

DYNAMIC (0-10min) EARLY STATIC (15min) SPECT/CT (2h+)LATE STATIC (2h)

to be described for SPECT/CT:
- SLNs IN RELATION TO BLOOD

VESSELS & MUSCLES & NECK SURGICAL LEVELS
- LOW-DOSE CT FINDINGS (e.g. lymph node enlargement)

- ARTEFACTS (e.g. contamination)
- LOCALISED SLNs INDICATED ON

SPECT/CT KEY IMAGES

Fig. 11.9 Schematic generation of the nuclear medicine report for SLN 
mapping. For lymphoscintigraphy (on the left) an example of bilateral 
neck drainage from the injection site in the oral cavity as well as key 
aspects to be considered in the report are shown. For SPECT/CT repro-

duced with volume rendering (on the right) various SLNs in different 
levels of the neck are displayed together with a summary of key aspects 
to be included in the report
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Fig. 11.10 Coronal MRI (on the left), anterior early (middle) and 
delayed (on the right) planar images superimposed to anatomical mod-
els. The enlarged lymph node of level 1b is seen on MRI (circle), 

whereas bilateral drainage to cervical lymph node stations is particu-
larly well delineated in delayed images

 Clinical Cases

Case 11.1: SLN Mapping in Floor-of- the-Mouth 
Carcinoma with Drainage to Bilateral Cervical Lymph 
Nodes: What to do when the SLN Is Not Found?

Renato A. Valdés Olmos, Martin Klop, and Maarten Donswijk

Background Clinical Case
A 78-year-old woman with squamous-cell carcinoma of 

floor of mouth was referred for SLNB. During staging of the 
neck, MRI showed an enlarged lymph node in level 1b of 
the right side of the neck. Partly explained by the obesity of 
the patient, this node was not palpable on physical examina-
tion. Following MRI, the patient was referred for ultra-
sound-guided fine-needle aspiration cytology (FNAC) of 
the suspected node, which resulted negative for tumour 
involvement. It was decided to proceed with the SLN proce-
dure. However, in spite of a successful preoperative map-
ping, the SLN in level 1b was not found in the operating 

room. Sequential surveillance with ultrasound was then per-
formed and, due to increase in size of the right cervical 
node, 6 weeks after the SLN procedure a repeated FNAC 
was performed—which demonstrated metastasis. Dissection 
of the right side of the neck followed, and 54 lymph nodes 
were removed. Metastasis was found only in the enlarged 
lymph node of level 1b.

Lymphoscintigraphy and SPECT/CT
In the afternoon before surgery a total of 120 MBq ICG- 

99mTc- nanocolloid was administered in four injections around 
the tumour in the intact mucosa of the right part of the floor of 
the mouth, following local anaesthesia with xylocaine 10% 
spray. Immediately after tracer administration, a dynamic 
study was acquired during 10 min with the patient in supine 
position using a dual-head gamma camera (Symbia T, 
Siemens, Erlangen, Germany) equipped with low-energy 
high-resolution collimators. Subsequently, 5-min planar static 
images were acquired at 15  min and 2  h post-injection. In 
addition, SPECT/CT was acquired at 2  h using the same 
gamma camera.  
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Fig. 11.11 Anterior (on the right) and lateral (middle row) SPECT/CT 
images displayed with volume rendering showing SLNs in level 1b of 
the right side and level 2b of the left side. Note in cross- sectional images 
(on the right) that the radioactive node in right level 1b on SPECT/CT 

(top) appears to correspond with the enlarged lymph node on low-dose 
CT (circle), whereas in level 2b of the right side the radioactivity cor-
responds to a lymph node with normal size (circle)

Fig. 11.12 Due to the failure of the intraoperative procedure to find the 
SLN on the right side of the neck, surveillance with ultrasonography 
was performed, showing a progressive increase in size of the suspected 
lymph node in level 1b; however, only the third follow- up ultrasound 
scan demonstrated metastasis on FNAC (upper row). A revision with 

magnification of the cross-sectional images showed that the radioactiv-
ity seen on SPECT/CT in level 1b corresponded to a small lymph node 
on low-dose CT, located in the proximity of the enlarged node (circle)

R. A. Valdés Olmos et al.



279

Case 11.2: SLN Mapping in Floor-of- the-Mouth 
Carcinoma with Drainage to Bilateral Cervical Lymph 
Nodes: The Complementary Role of SPECT/CT and 
Planar Imaging

Renato A. Valdés Olmos, Martin Klop, and Maarten Donswijk

Background Clinical Case
A 61-year-old man with squamous-cell carcinoma in the 

midline of the floor of mouth was referred for a SLN proce-
dure. No lymph node abnormalities had been detected on 
physical and radiological examination of the neck (clinical 
stage T2N0M0).

Planar Lymphoscintigraphy and SPECT/CT
In the afternoon before surgery a total of 115 MBq ICG- 

99mTc- nanocolloid was administered in four injections in the 
intact mucosa around the tumour of the middle part of floor 
of mouth following oral preparation with xylocaine 10% 
spray for local anaesthesia. Immediately after tracer admin-
istration a dynamic study was acquired during 10 min with 
the patient in supine position using a dual-head gamma cam-
era (Symbia T, Siemens, Erlangen, Germany) equipped with 
low-energy high-resolution collimators. Subsequently 5-min 
planar static images were acquired at 15 min and 2 h post- 
injection. In addition, SPECT/CT was acquired after delayed 
planar images using the same gamma camera.  

Fig. 11.14 Radioactive lymph nodes are displayed in an anatomical environment using SPECT/CT with volume rendering. Note that radioactive 
lymph nodes are clearer depicted in relation to the planar images showed in Fig. 11.13

Fig. 11.13 Static planar images are displayed in superposition to ana-
tomical models. On early anterior (first frame) and right lateral (second 
frame) views initial lymph node uptake is seen principally on the right 
side of the neck. Bilateral cervical drainage is particularly depicted in 

delayed anterior planar imaging (third frame), whereas in right lateral 
delayed image (fourth frame) multiple radioactive lymph nodes are 
visualized
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Fig. 11.15 Cross-sectional images of SPECT/CT (upper row) and 
low-dose CT (low row) showing distribution of ICG-99mTc-nanocolloid 
after injections around the tumour in the midline of floor of mouth. 
Note that radioactive lymph nodes seen on SPECT/CT correspond to 
normal-size lymph nodes on low-dose CT (circles). However, for the 

enlarged tracer concentration on the right part of the oral cavity (upper 
image in fourth column) no lymph nodes are seen on CT (bottom). This 
area of radioactivity accumulation was associated with internal con-
tamination along the oropharynx, due to leakage during tracer 
administration

Case 11.3: SLN Mapping in Floor-of- the-Mouth 
Carcinoma with Drainage to Bilateral Cervical Lymph 
Nodes

Renato A. Valdés Olmos, Martin Klop, and Maarten Donswijk

Background Clinical Case
A 53-year-old man with squamous-cell carcinoma in the 

right lateral part of floor of mouth was referred for SLNB. 
No lymph node abnormalities had been detected on physical 
and radiological examination of the neck (clinical stage 
T2N0M0).

Planar Lymphoscintigraphy and SPECT/CT

In the afternoon before surgery a total of 120 MBq ICG- 
99mTc- nanocolloid was administered in four injections 
around the tumour in the intact mucosa of the right part of 
the floor of the mouth following oral preparation with xylo-
caine 10% spray for local anaesthesia. Immediately after 
tracer administration a dynamic study was acquired during 
10 min with the patient in supine position using a dual-head 
gamma camera (Symbia T, Siemens, Erlangen, Germany) 
equipped with low-energy high-resolution collimators. 
Subsequently 5-min planar static images were acquired at 
15 min and 2 h post- injection. In addition, SPECT/CT was 
acquired after delayed planar images using the same gamma 
camera. 
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Fig. 11.16 Anterior static planar images displayed in superposition to anatomical models show initial tracer migration on early frame (on the left), 
and well-delineated cervical drainage on delayed anterior planar image (on the right)
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Fig. 11.17 SPECT/CT displayed with volume rendering (on the left) 
showing distribution of ICG-99mTc-nanocolloid to both sides of the 
neck. In cross-sectional images (on the right) of fused SPECT/CT (left 
column) and low-dose CT (right column) note that radioactive lymph 

nodes seen on SPECT/CT correspond to normal-size lymph nodes on 
low-dose CT (circles). Cervical SLNs are localized in level 2a on the 
left and levels 2b and 3 on the right
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Case 11.4: SLN Mapping in Tongue Carcinoma  
with Bilateral Drainage to Various Lymph Node Neck 
Levels

Renato A. Valdés Olmos, Martin Klop, and Maarten Donswijk

Background Clinical Case
A 56-year-old man with squamous-cell carcinoma in the 

right lateral part of the tongue was referred for SLNB. No 
lymph node abnormalities had been detected on physical and 
radiological examination of the neck (clinical stage 
T1N0M0).

Planar Lymphoscintigraphy and SPECT/CT Imaging

In the afternoon before surgery a total of 105 MBq ICG- 
99mTc- nanocolloid was administered in four injections 
around the tumour in the right part of the mobile part of the 
tongue following oral preparation with xylocaine 10% 
spray for local anaesthesia. Following tracer administra-
tion, a dynamic study was acquired during 10 min with the 
patient in supine position using a dual-head gamma camera 
(Symbia T, Siemens, Erlangen, Germany) equipped with 
low-energy high-resolution collimators. Subsequently, 
5-min planar static images were acquired at 15 min and 2 h 
post-injection. In addition, SPECT/CT imaging was 
acquired after delayed planar images using the same gamma 
camera. 

Fig. 11.18 Anterior static planar images superimposed to anatomical 
models show bilateral drainage to cervical lymph nodes in early (on the 
left) and delayed frames (on the right). Note in delayed image that a 

radioactive lymph node on the right side of the neck becomes better 
delineated in relation to the radioactivity of the injection site
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Case 11.5: SLN Mapping in Suboccipital Melanoma 
with Ipsilateral Drainage to Cervical Lymph Nodes on 
Planar and SPECT/CT Imaging: The Decisive Role of 
Histopathology for Avoiding a False-Negative Result

Renato A. Valdés Olmos, Martin Klop, and Maarten Donswijk

Background Clinical Case
A 59-year-old man with a 5.8 mm Breslow thick mela-

noma located on the left side of the suboccipital area was 
referred for SLNB. No lymph node abnormalities (N0 stage) 
had been detected on physical examination and ultrasonog-
raphy of the neck.

Planar Lymphoscintigraphy and SPECT/CT Imaging
In the afternoon before surgery a total of 110  MBq 

ICG- 99mTc- nanocolloid was administered in four intrader-
mal injections around the primary lesion scar in the left 
suboccipital region. Immediately after tracer administra-
tion, dynamic frames were acquired during 10  min with 
the patient in supine position using a dual-head gamma 
camera (Symbia T, Siemens, Erlangen, Germany) equipped 
with low-energy high-resolution collimators. Subsequently, 
5-min planar static images were acquired at 15 min and 2 h 
post-injection. Using the same gamma camera additional 
SPECT/CT imaging was acquired after acquiring the 
delayed planar images.  

Fig. 11.19 SPECT/CT imaging displayed with volume rendering (on 
the left) showing bilateral migration of ICG-99mTc-nanocolloid to vari-
ous lymph node levels in the neck. On the right, cross-sectional SPECT/

CT images show radioactive lymph nodes on both cervical sides corre-
sponding to normal-size lymph nodes on low-dose CT (circles) in levels 
2b and 3 on the right and levels 1b and 2b on the left

R. A. Valdés Olmos et al.
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Fig. 11.20 From left to right early and delayed planar images, as well 
as volume-rendered SPECT/CT images in posterior view superimposed 
to anatomical models. Lymphatic drainage to the left side of the neck 

increasing in delayed planar images (middle) with no radioactive lymph 
nodes seen in the vicinity of the injection site on SPECT/CT (on the 
right)

Fig. 11.21 Left lateral view of volume-rendered SPECT/CT (on the 
left) with a radioactive SLN in level 5b of the neck. This radioactive 
node is seen on cross-sectional SPECT/CT behind the posterior border 

of the sternocleidomastoid muscle (middle) and corresponds to a nor-
mal-size lymph node on the low-dose CT (circle)
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Fig. 11.22 The removed SLN of level 5b of the left neck was found to 
be free of tumour on histopathology. However, in the specimen corre-
sponding to excision of the primary lesion a lymph node with a 6 mm 
macrometastasis was found (left column). This lymph node was not 

visualized in planar imaging nor on cross-sectional SPECT/CT (middle 
image), due to radioactivity remaining at the injection site. However, 
postoperative comparison of SPECT/CT with low-dose CT (right 
image) showed this real SLN in the area of the injection (circle)

Case 11.6: SLN Mapping in Frontal Melanoma with 
Drainage to Ipsilateral Cervical Lymph Nodes on 
Planar and SPECT/CT Imaging

Renato A. Valdés Olmos, Martin Klop, and Maarten Donswijk

Background Clinical Case
A 72-year-old woman with a 4 mm Breslow thick melanoma 

located on the right side of the frontal area was referred for 
SLNB after excision of the primary lesion. No lymph node 
abnormalities (N0 stage) had been detected on physical exami-
nation and ultrasonography of the neck.

Planar Lymphoscintigraphy and SPECT/CT Imaging
A total of 110 MBq ICG-99mTc-nanocolloid was adminis-

tered in four intradermal injections around the excision scar 
in the left frontal region the afternoon before surgery. 
Immediately after tracer administration, dynamic frames 
were acquired during 10  min with the patient in supine 
 position using a dual-head gamma camera (Symbia T, 
Siemens, Erlangen, Germany) equipped with low-energy 
high- resolution collimators. Subsequently, 5-min planar 
static images were acquired at 15 min and 2 h post-injection. 
Additional SPECT/CT imaging was acquired after acquiring 
the delayed planar images using the same gamma camera. 

R. A. Valdés Olmos et al.
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Fig. 11.23 Planar static lateral (first two frames) and anterior (third frame) images superimposed to anatomical models show unilateral drainage 
of ICG-99mTc-nanocolloid from the frontal injection site to cervical lymph nodes in the right preauricular area

Fig. 11.24 Anterior and lateral SPECT/CT display using volume ren-
dering (on the left) showing unilateral migration to various lymph 
nodes in the right preauricular area. Cross-sectional SPECT/CT on the 

right shows that the radioactive lymph nodes in the preauricular and 
superior parotid areas correspond to normal-size lymph nodes on low- 
dose CT (circles)
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Case 11.7: SLN Mapping in Preauricular Melanoma 
with Drainage to Ipsilateral Cervical Lymph Nodes on 
Planar and SPECT/CT Imaging

Renato A. Valdés Olmos, Martin Klop, and Maarten Donswijk

Background Clinical Case
A 45-year-old man with a 3.5 mm Breslow thick melanoma 

located in the left preauricular area was referred for SLNB 
after excision of the primary lesion. No lymph node abnor-
malities (N0 stage) had been detected on physical examination 
and ultrasonography of the neck.

Planar Lymphoscintigraphy and SPECT/CT Imaging
A total of 118 MBq ICG-99mTc-nanocolloid was adminis-

tered in four intradermal injections around the excision scar 
in the left preauricular region the afternoon before surgery. 
Immediately after tracer administration, dynamic frames 
were acquired during 10 min with the patient in supine posi-
tion using a dual-head gamma camera (Symbia T, Siemens, 
Erlangen, Germany) equipped with low-energy high- 
resolution collimators. Subsequently, 5-min planar static 
images were acquired at 15  min and 2  h post-injection. 
Additional SPECT/CT imaging was acquired after acquiring 
the delayed planar images using the same gamma camera. 

Fig. 11.25 Planar static lateral (first two frames) and delayed anterior (third frame) images superimposed to anatomical figures show unilateral 
drainage of ICG-99mTc-nanocolloid from the preauricular injection site to cervical lymph nodes in the right cervical area

R. A. Valdés Olmos et al.
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12.1  Introduction

Non-small cell lung cancer (NSCLC) is the most common 
malignancy in the world and the major cause of cancer- 
related death [1]. It represents 85% of all lung cancers and 
usually grows and spreads at distant sites more slowly than 
small-cell lung cancer. Despite advances in surgery, chemo-
therapy, and radiation therapy over the last decades, the 
death rate from NSCLC has remained largely unchanged. 
Such poor long-term survival probably results from the fact 
that early-stage disease is asymptomatic and the onset of 
symptoms marks the presence of advanced, inoperable 
disease.

The presence or absence of mediastinal lymph node 
metastasis is a key prognostic factor in NSCLC, and lymph 
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Learning Objectives
• To acquire basic knowledge on the role of lymph 

node staging in non-small cell lung cancer, includ-
ing the benefits and risks of de novo systematic 
mediastinal lymph node dissection

• To acquire basic knowledge on the role of nuclear 
medicine imaging for sentinel lymph node (SLN) 
mapping in non-small cell lung cancer

• To acquire basic knowledge on the feasibility and 
techniques of radioguided SLN mapping in non-
small cell lung cancer

• To acquire basic knowledge on the role of SLN 
mapping using non-radionuclide techniques in non-
small cell lung cancer

• To understand the current limitations and perspec-
tives for SLN mapping in patients with non-small 
cell lung cancer
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node dissection is an effective therapeutic procedure when 
carried out in patients with nodal metastasis [2, 3].

The procedure of SLN mapping has been developed in 
recent years and validated in a variety of solid epithelial 
tumors as a way to avoid the complications associated with 
systematic de novo lymph node dissection; the validity of 
sentinel lymph node biopsy (SLNB) is now well established 
mainly in patients with breast cancer and melanoma, as well 
as head and neck cancers (oral squamous cell carcinoma), 
penile cancer, and some gynecological malignancies. The 
SLNB procedure has more recently been explored also in 
patients with NSCLC [4–7].

12.2  The Clinical Problem

Mediastinal lymph node staging is one of the most important 
prognostic factors for patients with operable non-small cell 
lung cancers. In fact, the presence of lymph node involve-
ment decreases the 5-year survival rate by nearly 50% as 
compared to similar patients without nodal metastasis [8].

Furthermore, many investigators have clearly demon-
strated that more careful histopathologic evaluation of previ-
ously reported negative lymph nodes in resected lung cancer 
patients revealed that over 20% of patients classified as hav-
ing negative lymph nodes (N0) at conventional hematoxylin 
and eosin staining were actually upstaged by immunohisto-
chemistry (IHC), a procedure that is capable of identifying 
previously undetected micrometastatic disease [9, 10].

Preoperative staging modalities include imaging tech-
niques (standard chest X-ray, high-resolution contrast CT, 
[18F]FDG PET/CT, MRI, bone scan). If these tests do not 
reveal the presence of distant metastatic disease or unresect-
able local disease, then further invasive staging procedures 
(including bronchoscopy, mediastinoscopy, video-assisted 
thoracoscopic surgery, VATS) may be necessary. Moreover, 
invasive N-staging modalities such as complete thoracic 
lymphadenectomy or nodal sampling by either VATS or 
robotic-assisted thoracic surgery (RATS) may help to further 
stratify patients into appropriate therapeutic and prognostic 
categories.

The choice between de novo systematic mediastinal 
lymph node dissection and selective lymph node sampling 
for the staging and treatment of NSCLC is the subject of 
ongoing debate. Advocates of complete lymphadenectomy 
believe that residual cancer may remain if complete resec-
tion of nodal tissue is not performed, leading to poorer prog-
nosis due to locoregional recurrence and to understaging of 
disease [11, 12]. Conversely, proponents of lymph node 
sampling argue that, contrary to complete lymphadenec-
tomy, sampling does not impair the local immune response, 
which may reduce the potential for local recurrence; more-
over, the more limited sampling procedure is not associated 
with increased morbidity such as increased perioperative 

blood loss, recurrent nerve injury, chylothorax, or broncho-
pleural fistula [13]. To date, neither survival advantage nor 
significant differences in morbidity or mortality rates have 
been clearly demonstrated using either surgical procedures 
[14, 15].

If the prognosis of NSCLC is not affected by complete 
mediastinal lymph node dissection, then it can be argued that 
morbidity of selective mediastinal lymph node sampling and 
histopathologic staging of lung cancer can be improved by 
SLN mapping [16]. This procedure allows to detect occult 
micrometastatic disease in SLNs by sensitive immunohisto-
chemistry (IHC) and/or molecular biology analysis based on 
the reverse transcription polymerase chain reaction 
(RT-PCR), thus avoiding extensive serial sectioning and IHC 
of all dissected lymph nodes [17, 18].

A reliable, minimally invasive lymphatic mapping proce-
dure could improve staging and outcomes for the patients 
with early-stage non-small cell lung cancer, such as those 
identified on low-dose CT screening [19].

12.3  Indications for SLNB in NSCLC

Patients with cT1N0M0 NSCLC are the best candidates for 
SLNB. The recent widespread diffusion of high-resolution 
computed tomography (HRCT) has resulted in the more fre-
quent detection of this subset of NSCLC patients, in whom 

Key Learning Points
• Staging of mediastinal lymph nodes in non-small 

cell lung cancer is one of the most important prog-
nostic factors, as the presence of metastasis 
decreases overall survival by nearly 50% versus 
nonmetastatic lymph nodes.

• A sensitive staining technique such as immunohis-
tochemistry upstages over 20% of patients who had 
been classified as metastasis free at conventional 
hematoxylin and eosin staining.

• Preoperative staging of lymph node status by cur-
rent imaging techniques is not sensitive enough to 
exclude with certainty the presence of metastasis in 
mediastinal lymph nodes.

• Current surgical protocols in patients with operable 
non-small cell lung cancer include either de novo 
systematic dissection of mediastinal lymph nodes 
or lymph node sampling, each of the two protocols 
having relative advantages and limitations.

• A reliable, minimally invasive lymphatic mapping 
procedure could improve staging and outcomes for 
the patients with early-stage non-small cell lung 
cancer.
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limited mediastinal lymph node dissection and/or segmen-
tectomy could be as curative as lobectomy with mediastinal 
lymph node dissection.

12.4  SLN Mapping Techniques in NSCLC

12.4.1  Non-radionuclide Methods

Several techniques using non-radionuclide tracers for SLN 
mapping in patients with NSCLC have been proposed [20–
22]. The first SLN mapping procedure in patients with 
NSCLC was performed using intratumoral injection of iso-
sulfan blue [20]. Unfortunately, since it was difficult to 
detect the blue dye migrating to the anthracotic lymph nodes 
in the thoracic cavity, the identification rate of the SLN was 
too low to be clinically useful. Similar problems were 
encountered in the past with other dyes, such as indocyanine 
green (ICG) [21].

Japanese authors from a single institution have developed 
a novel method for SLN mapping based on the use of mag-
netic particles [22, 23]. In particular, colloidal ferumoxides 
(a superparamagnetic iron) were injected during thoracot-
omy at the periphery of the tumor. A highly sensitive, hand-
held magnetometer was then used to detect ex  vivo the 
presence of the ferumoxides within SLNs. The in vivo SLN 
detection rate was 80%, and more recent results confirm the 
feasibility and efficacy of this technique, with 97.6% accu-
racy, 75% sensitivity, and false-negative rates ranging 
between 2.3% and 13.2% for SLN mapping in patients with 
NSCLC.  Furthermore, Minamiva et  al. have proposed to 
combine subpleural tracer injection with injection in the per-
itumoral quadrants, in order to improve identification rate 
and diagnostic accuracy for mediastinal SLNs [24].

More recently, the use of fluorescent-labeled agents, such 
as ICG, has been explored further for SLN mapping in 
patients with NSCLC [25–29]. This procedure provides real- 
time visual mapping using near-infrared (NIR) imaging of 
fluorescent lymphatic tracers; ICG is injected peritumorally 
during surgery, and its migration through lymphatic path-
ways is visualized using cameras based on indium gallium 
arsenide (InGaAs) sensors. The underlying physical princi-
ple is that, when excited with a ~780 nm laser source, ICG 
(as well as other fluorophores) emits light with wavelengths 
of 700–1000 nm that can be represented in a grayscale or 
color image visualizing the NIR signal in green within a tho-
racoscopic or robotic camera.

With the ICG-NIR technique, SLNs were identified and 
dissected in over 80% of the cases [25–29]. Higher rates of 
SLN detection were identified when ICG was mixed with a 
higher molecular weight carrier, such as human serum albu-
min (HSA) [30].

The feasibility of preoperative CT lymphography for 
lymphatic mapping in non-small cell lung cancer was also 

tested [31–35]. Peritumoral CT-guided transpleural or 
transbronchial injection of a water-soluble contrast agent 
(iopamidol or iohexol) was performed followed by serial 
CT images for up to 5  min after injection. SLNs were 
detected as nodes with increased attenuation by 30 
Hounsfield units when the CT images obtained after the 
peritumoral injection of the contrast medium were com-
pared to the baseline CT scan. The anatomical location of 
the SLNs (with respect to bronchial anatomy) was also 
identified by 3D reconstructions of multidetector CT scan-
ning [31–35].

A SLN identification rate >90% has been demonstrated 
using this technique in these preliminary trials, conducted in 
a limited number of subjects. Potential pitfalls may be the 
identification of very small SLNs (size less than 2–3 mm) 
and possible artifacts or confounding effects due to the pres-
ence of lymph node calcification [31–35].

With the increasing availability of hybrid operating 
rooms, CT lymphography could become a diagnostic tool for 
improving the accuracy of preoperative mapping N2 level 
SLNs prior to definitive resection of a lung cancer.

12.4.2  Radiocolloids and Modalities 
of Injection

After the pioneering work by Liptay and colleagues in 2000, 
several articles have been published on the feasibility, techni-
cal aspects, and efficacy of radioguided SLNB in the surgical 
management of patients with NSCLC [6, 7, 35–51]. 99mTc-tin 
colloid, 99mTc-sulfur colloid, 99mTc-nanocolloidal human 
albumin, and more recently 99mTc-neomannosylated human 
serum albumin (MSA) have been used for radioguided SLNB 
in NSCLC patients [52]. The total activity administered 

Key Learning Points
• SLN mapping based on intraoperative visual guid-

ance following intratumoral injection of isosulfan 
blue is not reliable in the presence of anthracotic 
lymph nodes.

• Novel methods based on the use of a handheld mag-
netometer to detect migration to lymph nodes of 
ferumoxides injected peritumorally during thora-
cotomy have been proposed.

• Intraoperative SLN mapping based on near-infrared 
imaging after injection of the fluorescent lymphatic 
indocyanine green is a promising novel technique.

• Preoperative CT lymphography for lymphatic map-
ping after peritumoral injection of an iodinated con-
trast medium is also feasible in patients with 
non-small cell lung cancer.
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 varies from 9.25 MBq to 296 MBq, which is injected in a 
total volume of 0.5–2 mL.

Neomannosylated human serum albumin particles labeled 
with 68Ga (68Ga-MSA) have also been synthesized and used 
for SLN imaging by PET/CT lymphoscintigraphy in NSCLC 
patients [53, 54]. The activity administered through a single 
peritumoral injection of 68Ga-MSA ranged from 6 to 
122 MBq.

Three different modalities of injection of the radiocol-
loids have been described. Liptay et  al. have advocated 
intraoperative radiocolloid injection into or around the pri-
mary tumor after direct visualization of the lesion, injecting 
the radiocolloid in a four-quadrant peritumoral fashion at 
the time of thoracotomy [7]. An average waiting period of 
30–60 min after the injection is necessary for radiocolloid 
migration into the lymphatic vessels and to the SLN basin. 
During this time, the operation proceeds normally, taking 
care to avoid the peribronchial lymphatic vessels until the 
last phase of the resection. Some disadvantages of this 
modality of injection are the long intraoperative time whilst 
waiting for radiocolloid migration, the possible contamina-
tion of the pleural cavity after the injection, and the accumu-
lation of the radiocolloid in the trachea, due to the absence 
of coughing in the anesthetized patient. Scintigraphic imag-
ing of lymphatic drainage is virtually impossible when the 
procedure is based on such intraoperative radiocolloid 
administration.

A second modality is preoperative injection of radiocol-
loid into or around the primary tumor under CT guidance on 
the day of surgery or on the day before [6, 36].

Lymphoscintigraphy can be performed preoperatively, 
and the main advantage of the preoperative injection tech-
nique is that it enables intraoperative measurement of count 
rates in the upper mediastinal lymph node, because coughing 
of the patient rapidly removes radiocolloid accumulated in 
the trachea.

A useful alternative to CT-guided injection of the radio-
colloid seems to be preoperative endobronchial injection of 
the radiocolloid into the directly visualized endobronchial 
tumor, or transbronchially at the most distal pulmonary 
 sub- segment that can be reached endobronchially within the 
proximity of the primary tumor [37].

12.5  Preoperative SLN Imaging

The feasibility of preoperative SLN imaging in NSCLC has 
been tested by Nomori et al. [6]. On the same day or on the day 
before surgery, 111–296 MBq of 99mTc-tin colloid in a volume 
of 1–1.5 mL is injected with a single shot through a transtho-
racic 23-gauge needle inserted into the peritumoral region. In 
order to determine the optimal timing for radiocolloid injec-
tion before surgery, in a subset of patients the authors acquired 
planar scintigraphic images at 5 min, and then at 1, 6, 9, and 
24 h after the injection. Based on this preliminary protocol, the 
authors then performed routine lymphoscintigraphy by acquir-
ing planar images of the chest 5 min after the injection, and 
then immediately before surgery.

The early planar images usually visualize radioactivity 
accumulation at the site of injection and in the tracheobron-
chial lumen, due to physiological leakage. After about 1 h, 
washout of the radiocolloid from the tracheobronchial tree is 
observed, but migration to mediastinal lymph nodes is not yet 
visualized. More than 6 h after the injection, sufficient radio-
colloid has been taken up by the lymph nodes, with a virtually 
unchanged pattern until 24 h post-administration (Fig. 12.1).

More recently, a new method for in vivo SLN detection 
in NSCLC by PET/CT imaging was developed and evalu-
ated in 34 patients by Eo et al. [54]. 68Ga-MSA was admin-
istered in one peritumoral injection under CT guidance 
approximately 1–3  h before surgery. PET/CT scanning 
started 15–30 min after injection and images were acquired 
for 10 min covering the chest volume. The distribution of 
the dissected lymph nodes, and lymph node metastases 
according to the tumor location, was compared with the 
PET/CT findings. A preliminary evaluation of the time 
course distribution of 68Ga-MSA in vivo by sequential PET/
CT scans showed that SLNs were well visualized between 
15 and 120 min after injection, the highest tracer accumula-
tion being observed within 60  min. The PET/CT images 
clearly visualize focal radioactivity at the site of injection as 
well as in the SLNs, and in some cases in the tracheobron-
chial lumen—due to physiological leakage. Furthermore, 
SLNs were well visualized in either metastasis-negative or 

Key Learning Points
• The most widely adopted technique based on 

radioguidance for SLN mapping in patients with 
non-small cell lung cancer involves intra-tumoral or 
peritumoral injection of a 99mTc- labeled lympho-
tropic agent.

• A more recent technique is based on preoperative 
PET/CT imaging after peritumoral injection of neo-

mannosylated human serum albumin particles 
labeled with 68Ga (68Ga-MSA).

• Different modalities for the injection of radiola-
beled lymphatic mapping agents have been 
described, mostly performed during surgery.

• The need to administer the lymphatic mapping 
agent during surgery precludes in most instances 
the possibility to acquire lymphoscintigraphic 
images preoperatively.

G. Boni et al.



295

metastasis-positive cases (Fig.  12.2). In this initial report, 
SLNs were detected in vivo by PET/TC in all the studied 
patients. Metastatic SLNs were found in 23.5% of the 
patients, with no false- negative SLNs being found in patients 
with N1 or N2 disease [54].

12.6  Intraoperative SLN Detection

Intraoperative SLN detection is usually guided by a hand-
held gamma-detecting probe, which can be a standard 
gamma probe if used during open thoracotomy. Instead, ded-
icated, small-diameter gamma probes must be used during 
VATS or RATS.  During the operation radioactivity in the 
lymph nodes is counted before (in vivo) and after (ex vivo) 
dissection.

5 min 1 h

6 h 9 h

Fig. 12.1 Planar lymphoscintigraphic images acquired sequentially 
after injection of 99mTc-tin colloid for SLN mapping in a patient with 
NSCLC. The early image shows important accumulation of radioactiv-
ity at the injection site and in the trachea; the latter is cleared already at 
the 1-h imaging point. Migration of the radiocolloid is barely detectable 
at 1 h postinjection, becoming however more clear at the later imaging 
time points (6  h and 9  h postinjection) (reproduced with permission 
from Nomori H, Horio H, Naruke T, et al. Use of technetium-99m tin 
colloid for SLN identification in non-small cell lung cancer. J Thorac 
Cardiovasc Surg. 2002;124:486–492)

a b

Fig. 12.2 68Ga-MSA lymphoscintigraphic PET/CT in patients with 
metastasis-negative (a) and metastasis-positive (b) SLN imaging. The 
peritumor injection site (black arrow) and SLN activity (red arrow) are 
shown. Tumor uptake was observed on [18FDG]PET/CT (yellow arrow) 

(modified from Eo JS, Kim HK, Kim S, et al. Gallium-68 neomanno-
sylated human serum albumin-based PET/CT lymphoscintigraphy for 
SLN mapping in non- small cell lung cancer. Ann Surg Oncol. 
2015;22:636–41)

Key Learning Point
• When the radiolabeled lymphatic mapping agent 

can be injected preoperatively under CT guidance 
or trans-bronchially in the nuclear medicine depart-
ment, then lymphoscintigraphic imaging is feasible, 
by using either a gamma camera (when a 99mTc- 
labeled agent is employed) or a PECT/CT scanner 
(when the novel 68Ga-MSA agent is employed).
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Key Learning Points
• Dedicated gamma-detecting probes are used during 

surgery for SLN detection.
• Both in vivo and ex vivo count rates are recorded 

for each radioactive lymph node.
• Gamma probe counting of the surgical field after 

mediastinal lymph node dissection helps to assess 
completeness of lymph node dissection.

For in vivo counting, SLNs are usually identified as any 
lymph node with a count rate three- to tenfold higher than a 
preset intrathoracic background value. For ex vivo counting, 
the SLNs are usually defined in a similar fashion, as any 
lymph node with a count rate three- to tenfold the count rate 
of the resected lung tissue with the lowest count. The ex vivo 
“hot” lymph node(s) are considered to be the true SLNs, 
because in this condition the radioactivity measurements are 
not influenced by the “shine-through” effect of radioactivity 
retained at the site of injection [40, 42].

In case of mediastinal dissection, after lobectomy and 
SLN excision the mediastinal stations are also explored with 
the gamma probe before performing a complete lymph node 
dissection. Upon completion of the procedure, exploration 
with the gamma probe is repeated, checking for any residual 
activity. If indicated by high count rates, resection of the 
nodal stations is completed.

12.7  Accuracy and Perspectives 
of Radioguided SLNB in NSCLC

In all series reporting more than 200 patients undergoing 
radioguided SLNB for NSCLC [40, 42, 45, 51], a SLN was 
identified in 70–100% of the patients, with false-negative 
rates generally reported as 10% or lower. However, it should 
be noted that a multicenter phase 2 trial investigating the use 
of 99mTc-tin colloid for SLNB reported an identification rate 
as low as 51% only [55].

A promising, relatively simple and reliable method for 
SLN mapping in NSCLC is the new intraoperative instru-
mentation that uses the invisible near-infrared (NIR) fluores-
cent light of ICG for imaging in vivo the lymphatic drainage 
and the SLNs (Fig. 12.3). This technique has been validated 
in human trials carried out in breast and gastric cancers, as 
well in patients with gynecological malignancies or with 
prostate cancer.

Recent data obtained in NSCLC patients shows that intra-
operative NIR SLN mapping is feasible with a high detection 
rate (80–89%), a very low false-negative rate, and a signifi-
cant percentage of patients upstaged based on the SLN map-
ping procedure [56].

In a report reviewing the long-term outcomes after NIR- 
guided SLN mapping with peritumoral ICG injection, 
Digesu et al. compared patients who underwent mediastinal 
lymph node sampling with or without SLN mapping [57]. 
An improved estimated overall and disease-free survival was 
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NIR Fluorescence Color-NIR MergeFig. 12.3 SLN mapping of 
the lung with NIR quantum 
dots (QD) in an animal model 
(adult Yorkshire pigs). Color 
video (left), NIR fluorescence 
(middle), and color-NIR 
merge (right) are presented. 
The SLN (arrow) was 
identified 45 s after QD 
injection into the right upper 
lobe of the lung (arrowhead) 
(reproduced with permission 
from Soltesz EG, Kim S, 
Laurence RG, et al. 
Intraoperative SLN mapping 
of the lung using near-infrared 
fluorescent quantum dots. 
Ann Thorac Surg. 
2005;79:269–277)

G. Boni et al.



297

observed in the group of patients who underwent SLN map-
ping who were found not to have metastatic lymph node dis-
ease at histopathology (pN0) [57].

Concerning the detection of micrometastatic involvement 
of mediastinal lymph nodes by RT-PCR or IHC, similar 
results have been obtained for SLNB with different tech-
niques versus analysis of all metastasis-positive lymph nodes 
[16–18]. These reports also suggest that micrometastasis is 
limited to SLNs in early NSCLC, but tends to spread to 
lymph nodes other than the SLNs with the progression of 
metastasis.

In conclusion, SLNB is an effective procedure that may 
allow reduction in the number of lymph nodes to be exam-
ined for micrometastasis and selection of patients with 
micrometastatic mediastinal lymph node involvement who 
could benefit by postoperative adjunctive therapy. Since 
most of the studies published so far have adopted direct 
intra- or peritumoral injection of the radiocolloid in the oper-
ating theatre at the time of thoracotomy, this procedure basi-
cally precludes the possibility of imaging with 
large-field-of-view gamma cameras. New perspectives in 
this regard can be opened by the use of dedicated small-field- 
of-view cameras to be used also in the intraoperative 
setting.
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13.1  Introduction

Accurate evaluation of lymph node status is a basic requisite 
to predict the clinical outcome of gastrointestinal (GI) tumors 
and SLN mapping has become highly feasible and accurate 
in staging these cancers [1]. SLN identification while per-

forming surgery in patients with gastric and colorectal can-
cer not only has shown to be technically feasible [2], but can 
also identify and characterize cases with aberrant/unexpected 
lymphatic drainage from the primary lesion.

The increasing application of laparoscopic surgical pro-
cedures has significantly influenced GI surgery. Preliminary 
results indicate that SLN detection is also a valid technique 
to identify micrometastasis in lymph nodes during laparo-
scopic surgery, and can thus become an important compo-
nent of minimally invasive treatment of early GI tumors. 
Furthermore, the combination of radiotracer and vital dye 
staining optimizes SLN identification. SPECT/CT imaging, 
as well as intraoperative imaging with dedicated gamma 
cameras, allows better SLN detection than planar imaging 
with conventional gamma cameras.

Over the last years, near-infrared (NIR) fluorescence 
imaging has been used to detect lymph nodes, with very 
good acceptance. For intraoperative purposes, the advantage 
of NIR light (700–900 nm) is its ability to penetrate deeper 
into tissue, up to 10 mm [3]. However, it requires a NIR fluo-
rescent agent (i.e., fluorophore) combined with an imaging 
system that is able to both excite and detect the fluorophore. 
The most commonly used fluorophore is indocyanine green 
(ICG), approved for clinical use by the Food and Drug 
Administration and the European Medicines Agency. ICG is 
a water-soluble amphiphilic molecule with a molecular 
weight of 775 Dalton and a hydrodynamic diameter of 
1.2 nm, making it an excellent lymphatic contrast agent if 
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injected into the lymphatic system (for example by subcuta-
neous injection) [4]. It is very safe; adverse events are 
reported in less than 1 in 40,000 patients and mostly com-
prise hypersensitivity reactions [3].

13.2  SLN Mapping in Esophagogastric 
Cancer

Lymph node metastasis in esophagogastric cancer 
patients is an established prognostic factor for survival 
[5], and it is widely accepted that lymph node involve-
ment increases with tumor stage. The term “orderly pro-
gression,” however, is difficult to apply when describing 
the pattern of lymphatic spread of esophageal and gastric 
cancer. Based on a retrospective analysis of patients with 
solitary metastasis, Sano et al. [6] reported that the peri-
gastric nodal area, close to the primary tumor, is the first 
lymphatic station in only 62% of the patients with gastric 
cancer. Based on these clinical observations, the standard 
procedure is radical resection with D2 lymphadenectomy 
in patients with gastric cancer, and three-field lymph 
node dissection in esophageal cancer, regardless of the 
presence of lymph node metastases [7, 8]. However, since 
extensive (D2) lymph node dissection is associated with 
higher morbidity (e.g., anastomotic leakage) and mortal-
ity than D1 lymph node dissection, futile D2 lymphade-
nectomy in patients without metastatic lymph nodes is 
unfavorable [9, 10].

SLN detection can play an important role in tailoring 
treatment to individual patients and may lead to modifica-
tions in the surgical procedure and/or other treatments [11]. 
Several studies support the validity of the SLN concept in 
esophageal and gastric cancer [12–16]. Multiple trials ana-
lyzing different methods of SLN detection have shown accu-
racy rates close to 99% when detecting lymph nodes with a 
dual tracer consisting of radiolabeled tin colloid and blue dye 
[17].

Among visceral tumors, gastric cancer is currently one of 
the suitable targets for SLN navigation surgery. Despite the 
multidirectional and complicated lymphatic flow from the 
gastric mucosa, the anatomical situation of the stomach is 
relatively suitable for SLN mapping in comparison with 
organs embedded in closed spaces, as in the case of rectal 
cancers [18].

13.2.1  SLN Mapping in Gastric Cancer

SLN mapping should be considered in all patients with 
early-stage gastric cancer, but this procedure would not 
show benefit in advanced gastric cancer. Rabin et  al. [19] 
compared SLN mapping in patients with different T-stages. 

They concluded that SLN mapping in T1 and T2 tumors can 
indeed assist in the decision-making process regarding the 
extent of lymphadenectomy (100% sensitivity, 90–100% 
negative predictive value), while in patients with T3 tumors 
it will be misleading in a third of the patients and should 
therefore not be adopted [19]. In Japan and Korea, T1N0M0 
tumors are routinely treated with endoscopic resection, 
which creates new opportunities for SLN mapping in 
selected cases [3]. Using NIR fluorescence, Bok et al. [20] 
showed that a combination of endoscopic submucosal dis-
section and SLN navigation by laparoscopy was feasible in 
12 out of 13 patients.

Currently, SLN mapping can be performed using two 
methods based on two markers, radionuclide imaging and 
dye staining, respectively.

13.2.1.1  Preoperative SLN Mapping 
with Radiocolloid

Several types of radiocolloids can be used for lymphoscin-
tigraphy. Those most commonly used in Japan are 99mTc-
tin colloid and 99mTc-phytate. In initial pilot studies, 
Kitagawa et al. [2] used 99mTc-tin colloid; the particles are 
relatively large and migrate to lymph nodes within the first 
2  h post- administration, remaining there for more than 
20 h through phagocytosis by the macrophages. The use of 
radiolabeled particles of this size allows lymphoscinti-
graphic imaging to be less dependent on detection time. 
The particles of 99mTc- phytate are smaller and can migrate 
to secondary lymph nodes beyond the SLN. At present, the 
use of 99mTc-tin colloid for SLN mapping in gastric cancer 
seems preferable.

For this approach, 148 MBq (in 2 mL) 99mTc-tin colloid 
suspension is endoscopically injected into the gastric submu-
cosa at four sites (0.5 mL each) around the primary tumor, 
using a disposable 23-gauge needle [21]. Inoculation is per-
formed the day before surgery (or at least 3  h before sur-
gery). Lymphoscintigraphic imaging is recommended and 
can be performed 2 h after endoscopic inoculation [21].

Intraoperative SLN detection is performed using a hand-
held gamma probe. It is crucial that the probe is not oriented 
towards the primary tumor. SLNs are defined as those con-
taining tenfold more radioactivity than the surrounding tis-
sue (background) during intraoperative gamma probe 
counting [22] (Fig. 13.1).

13.2.1.2  Intraoperative SLN Mapping Using 
Dye Staining

Several dyes have been used, such as methylene blue or pat-
ent blue. The introduction of NIR fluorescence in laparos-
copy has promoted interest in the use of ICG for SLN 
mapping, with promising results. Use of ICG for SLN map-
ping has been evaluated for several applications in abdomi-
nal surgery, with a high diversity in doses used (between 
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100 μg and 25 mg), as reviewed by Van Manen et al. [3]. The 
authors conclude that a dose of at least 2.5  mg is recom-
mended for good SLN visualization.

The staining method involves the submucosal or subsero-
sal injection of dye at four points around the site of the pri-
mary tumor [16] (Fig. 13.2). As part of standard care, which 
consists of peritumoral blue dye injection, ICG could also be 
injected around the tumor.

The submucosal and the subserosal injection approaches 
are proven to be equivalent in SLN detection rate [23]. 
However, in case of the subserosal route of administration, it 
is difficult to identify a T1 lesion. Intraoperative subserosal 
inoculation is also difficult during laparoscopy, so endoscopic 

submucosal injection is preferable in the case of the laparo-
scopic approach (Fig. 13.3). It is important that the lymphatic 
drainage is not damaged before the injection of the dye.

Timing of the injection is also an important issue [3]. 
SLNs are defined as blue-stained nodes within 5–10  min 
after injection of the blue dye. Timing using ICG is also of 
importance but with different data. Tajima et al. [24] prefer 
injection (endoscopically) 1  day before surgery, but most 
studies have shown good results by performing injection 
immediately after applying general anesthesia. The SLNs 
can be visualized 15–30 min after injection [3].

a b

Fig. 13.1 (a) Blue-stained lymph nodes within 5–10 min after the dye 
injection (image supplied as SAGES videos by courtesy of the Division 
of Gastroenterologic Surgery, Kanazawa University, Kanazawa, Japan). 
(b) Gamma probe counting of the SLN containing ten times more 

radioactivity than the surrounding tissue (image supplied as SAGES 
videos by courtesy of Hideki Hayashi, Department of Surgery II, 
Yamaguchi University School of Medicine, Yamaguchi, Japan)

Fig. 13.3 Intraoperative endoscopic submucosal injection of Patent 
Blue V around an antral gastric cancer, after laparotomy and opening of 
the lesser sac. Large image shows intra-abdominal view of injection. 
Small inset image shows an endoscopic view of injection (reproduced 
with permission from Gretschel S, Bembenek A, Ulmer Ch, et  al. 
Prediction of gastric cancer lymph node status by SLNB and the 
Maruyama computer model. Eur J Surg Oncol. 2005;31:393–400)

Fig. 13.2 Left panel: Schematic representation of intraoperative sub-
mucosal blue dye injection during endoscopy. Right panel: Actual intra-
operative submucosal blue dye injection during endoscopy (image 
supplied as SAGES video by courtesy of Hideki Hayashi, Department 
of Surgery II, Yamaguchi University School of Medicine, Yamaguchi, 
Japan)
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13.2.1.3  Intraoperative SLN Mapping by 
Combined Radiocolloid and Staining

The dual-tracer method using both blue or green dye and 
radioactive colloids is considered the standard procedure in 
early gastric cancer patients [25]. Use of the two mapping 
approaches combined (radiocolloid and dye) reduces the 
technical errors that can occur with the use of a single SLN 
mapping technique.

The radioguided method confirms the complete identifi-
cation and removal of SLNs with multipath distribution, 
while the dye-based system allows direct, real-time vision 
of the SLNs. Multiple trials have showed accuracy rates up 
to 99% when detecting lymph nodes with a dual tracer 
consisting of radiolabeled tin colloid and blue dye [17]. 
The Japanese Society of SLN Navigation Surgery Study 
Group completed a multicenter prospective trial of SLN 
mapping in gastric cancer based on the dual-tracer 
approach, with blue dye and radiocolloid [26]. They 
reported a false-negative rate of 7%, while the sensitivity 
of metastasis detection based on SLN status was 93% [27]. 
Based on these results, the combination of the two tech-
niques seems advisable to carry out a proper and system-
atic mapping of SLN in gastric cancer. The irreversible 
hampering of the operating field by the blue dye, however, 
can be considered a disadvantage of this technique. In con-
trast, NIR fluorescence does not alter the operating field by 
dark staining and allows detection of deeper nodes [5] 
(Fig. 13.4).

Once SLNs are detected, the tissue is excised. Normally, 
all resected lymph nodes are examined postoperatively by 
routine hematoxylin and eosin (H&E) staining and resultant 
negative SLNs are examined further by immunohistochemis-
try using anti-cytokeratin antibody [22].

Based on single-institution results, SLN mapping for 
early gastric cancer is increasingly acceptable (Table 13.1). 
SLN detection rates for detecting micrometastasis based on 
SLN status are satisfactory both with the dye-guided method 
and with the radioguided method.

The results of clinical trials should provide useful per-
spectives on the future direction of SLN navigation surgery 
for gastric cancer [26]. In particular, cT1N0 gastric cancer 
seems to constitute a condition in which the results of SLN 
mapping might modify the therapeutic approach. From the 
data reported in the literature, micrometastases tend to be 
limited within the sentinel basins in cT1N0 gastric cancer. 
Sentinel basins are therefore good targets for selective 
lymphadenectomy in patients who have cT1N0 gastric can-
cer and a potential risk of micrometastasis. Furthermore, 
laparoscopic/endoscopic local resection seems feasible for 
curative treatment of SLN-negative early gastric cancer.

For laparoscopic SLN mapping of early gastric cancer, 
the radioguided method has great potential to provide a new 
paradigm shift for surgical management [18]. A meta- 
analysis by Skubleny et al. [33] concluded for encouraging 
results regarding the accuracy, diagnostic odds ratio, and 
specificity of the ICG dye method. These authors observed a 
suboptimal sensitivity of 87%. This percentage rose to 93% 
when considering only studies published after 2010, suggest-
ing that the technique continues to improve as more experi-
ence is being gained.

a b

Fig. 13.4 SLN mapping with ICG dye during laparoscopic gastrectomy for gastric cancer: laparoscopic standard vision (a) and laparoscopic NIR 
vision (b) [images provided by courtesy of Dr. Miguel Toledano, Hospital Río Ortega, Valladolid, Spain]

Table 13.1 Methods for SLN detection in gastric cancer

Author/year Tracer
Cases 
(n)

Detection rate 
(%)

Sensitivity 
(%)

Hiratsuka/2001 
[12]

ICG 74 99 90

Yano/2012 [28] ICG 130 — 100
Takahashi/2017 
[29]

ICG 44 — 100

Miwa/2003 [16] PB 211 96 89
Kim/2004 [30] RI 46 94 85
Kitagawa/2004 
[31]

RI 270 97 92

Uenosono/2011 
[32]

RI 180 95 —

Arigami/2006 [21] RI 61 100 —

RI Radionuclide, PB Patent blue, ICG Indocyanine green
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13.2.2  SLN Mapping in Esophageal Cancer

SLN mapping is more complex in the case of esophageal 
cancer for several reasons. First, the blue dye cannot be used 
in this localization because lymph nodes in the region of the 
thoracic esophagus are frequently pigmented by anthracosis, 
which complicates the identification of the dye-stained 
lymph nodes. Moreover, in localizations such as the esopha-
gus and rectum, prior mobilization of the primary lesion 
must be performed in order to achieve a proper real-time 
visualization of the lymphatic drainage routes by dye stain-
ing. However, such mobilization involves destruction or dis-
ruption of the lymphatic drainage patterns. The optimal 
method therefore is based on radiocolloid lymphoscintigra-
phy [15, 34]. In Western countries, the number of early-
stage, newly diagnosed esophageal cancers is very low, so it 
is difficult to conduct clinical studies to investigate SLN 
mapping in these patients. In esophageal cancer, there are 
several SLNs, widely distributed from the cervical to the 
abdominal area. In over 80% of the cases, at least one SLN is 
located in the second or third compartment of regional lymph 
nodes [26]. This anatomic distribution of the SLNs is attrib-
uted to the multidirectional lymphatic drainage from the pri-
mary tumor.

The goal of SLN mapping in esophageal cancer is to 
reduce the need for extensive lymphadenectomy. The 
Kitagawa’s group [1] proposed a new strategy using sentinel 
lymph node biopsy (SLNB) for esophageal cancer patients 
with clinically early- stage disease. Uenosono et al. [32] per-
formed SLN mapping in 134 patients with newly diagnosed 
esophageal cancer. They concluded that SLN mapping can 
be applied to patients with cT1 and cN0 esophageal cancer 
and that the SLN concept might enable less invasive surgery 
and reduce unnecessary lymphadenectomies.

Several studies have evaluated the use of ICG as a NIR 
fluorescent marker. However, all of them were feasibility 
studies and no more than 20 patients were included in each 
study [3]. SLNs were detected in up to 95% of cases, as 
reported by Yuasa et al. [35]. Nevertheless, multicenter vali-
dation studies on SLN mapping in esophageal cancer are still 
lacking and the oncologic value of this technique is unknown 
[36].

13.2.2.1  SLN Harvesting
As indicated above, the technique of choice is based on 
radiocolloid mapping. 99mTc-tin colloid is endoscopically 
injected into the esophageal wall around the tumor on the 
day before surgery [32]. Following lymphoscintigraphy, 
SLNs located in the cervical area can be percutaneously 
identified with external gamma probe counting, and resec-
tion can be performed using less invasive procedures. 
Moreover, the detection and harvesting of intra-abdominal 
SLNs can be carried out laparoscopically following the same 

procedure as in gastric cancer. However, removing the medi-
astinal SLNs is relatively complicated and invasive, because 
it requires mobilization of the thoracic esophagus. 
Furthermore, the presence of the primary lesion (with the 
high activity retained at the peritumoral injection site) ham-
pers SLN localization by gamma probe counting at this level.

Preoperative lymphoscintigraphy (usually performed 3 h 
after endoscopic inoculation of the radiocolloid) is useful for 
SLN detection in unexpected sites distant from the primary 
esophageal lesion.

13.3  SLN Mapping in Colon Cancer

Standard treatment of colon cancer is based on surgical 
resection with or without adjuvant treatment. Tumor stag-
ing at diagnosis is the most important prognostic factor for 
predicting survival. The survival rate increases with the 
number of lymph nodes testing negative for metastasis and, 
at present, no adjuvant treatment is recommended in 
patients without metastatic lymph nodes (in the absence of 
unfavorable characteristics of the primary tumor). Thus, 
lymph node involvement heavily influences prognosis of 
patients and the decision to perform adjuvant chemother-
apy [37, 38].

However, 10–25% of the patients with localized colon 
cancer (AJCC stages I and II) will develop disease progres-
sion and distant metastases within 5 years after completion 
of surgery with curative intent. Therefore, some inaccuracy 
must be taken into account regarding the staging methods, 
possibly leading to false understaging. Such understaging is 
considered to be around 10–20% [39], underlying the need 
to search for methods that can help to achieve a correct stag-
ing of the patient [40]. For histological examination of lymph 

Key Learning Points
• SLN mapping should be considered in early stages 

of gastric cancer since no benefit would be derived 
from this procedure in advanced stages of the 
disease.

• Peritumoral submucosal injection by endoscopy is 
preferable.

• In gastric cancer, using both mapping approaches 
(radiocolloid and dye) in combination reduces the 
technical errors that can occur with the use of a 
single SLN mapping technique.

• Peritumoral injection of ICG may allow identifica-
tion of SLNs during esophagectomy, although the 
oncologic value of this technique is unknown.
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nodes, these methods include serial sectioning [41], immu-
nohistochemistry (IHC) with anti-cytokeratin antibodies 
[42], and molecular analysis by RT-PCR techniques. 
However, their implementation may be impractical for rou-
tine histology, due to the large number of lymph nodes 
retrieved in the surgical specimen. For this reason, SLN 
mapping may allow identification of a smaller number of 
lymph nodes that represent the tumor status of the entire 
nodal basin [43]. An exhaustive analysis of SLNs in order to 
achieve a more accurate staging of patients can influence the 
decision for adjuvant treatment.

Saha emphasized that SLN mapping for colorectal cancer 
is highly successful and accurate for predicting the presence 
or absence of nodal disease, with a relatively low incidence 
of skip metastases. Such technique provided the pathologists 
with the “right nodes” for detailed analysis for appropriate 
staging and treatment with adjuvant chemotherapy [1].

It is also interesting to consider that complete mesocolic 
excision (CME) has been advocated to increase the nodal 
yield; however, this approach is still controversial. 
Performing a more focused lymphadenectomy and resection 
may be a better option for overall patient outcomes [44].

SLN mapping in colorectal cancer is not widely employed, 
however, even though its potential benefit has been shown in 
two meta-analyses [45, 46]. One reason may be the variabil-
ity in the reported sensitivity (ranging from 33 to 100%) [4]. 
A high variability rate has also been observed when using 
NIR fluorescence [3].

13.3.1  Methods for SLN Mapping in Colorectal 
Cancer

Initially, the most frequently used marker for visual SLN 
mapping was isosulfan blue 1%, injected in a volume of 
1–2  mL.  However, several reports described anaphylactic 
reactions [47–49] and possible interference with pulse oxim-
etry monitoring [50, 51]. Moreover, in some countries iso-
sulfan blue is not readily available or is prohibitively 
expensive.

In a prospective study, Soni et al. [52] compared 1% lym-
phazurin (L) versus 1% methylene blue (MB) as a dye for 
SLN mapping in GI tumors (the majority were colon can-
cer). They concluded that the success rate, nodal positivity, 
average SLNs per patient, and overall accuracy were similar 
between L and MB. Absence of anaphylaxis and lower cost 
made MB more desirable than L for SLN mapping in GI 
tumors.

Fluorescein (at 10% dilution) is more widely available 
and much cheaper, and moreover, it has not been associated 
with known allergic reactions. Its application is comparable 
to that described for isosulfan blue in terms of both adminis-
tration and the quantity administered. Saha et al. [39] used 

fluorescein SLN mapping in 120 patients, with results com-
parable to those obtained with isosulfan blue. The agent 
migrates quickly to the SLNs that then turn fluorescent and 
can be identified with Wood’s light as bright yellow lymph 
nodes.

NIR fluorescent imaging with other available dyes, such 
as ICG, has been used in several clinical studies during lapa-
roscopic or open surgery. Detection rates range between 65.5 
and 100%, the differences likely being related to the experi-
ence at each center [3].

The use of 99mTc-tin colloid has also been described for 
SLN mapping in colorectal cancer, with similar results [15].

There are therefore two methods for SLN mapping in 
patients with colorectal cancer, the dye staining method and 
the radioguidance method, respectively.

13.3.1.1  Dye Staining Method
With this approach, SLN mapping can be performed in vivo 
and ex vivo.

In vivo studies. One of the advantages observed with 
in  vivo studies is the detection of aberrant lymph nodes, 
those outside the expected drainage basins, thus allowing 
excision of the more appropriate lymphatic territories.

The staining method involves the intraoperative injection 
of dye (2 mL of 1% blue dye or 2 mL of sterile water con-
taining 0.5 mg/mL of ICG) into the subserosal layer at four 
points around the site of the primary tumor [39] (Fig. 13.5). 
Endoscopic submucosal inoculation is also possible, when-
ever adequate. The submucosal and subserosal injection 
routes are equivalent in terms of detection rate. However, in 
case of the subserosal approach, it is difficult to identify the 
T1 lesions. Intraoperative subserosal inoculation is also dif-

Fig. 13.5 Intraoperative injection of blue dye into the subserosal layer 
at four points around the site of the primary tumor (reproduced with 
permission from Saha S, Dan AG, Viehl CT, Zuber M, Wiese 
D.  Selective sentinel lymphadenectomy for human solid cancer. In: 
Leong SPL, Kitagawa Y, Kitajima M, Eds. SLN Mapping in Colon and 
Rectal Cancer: Its Impact on Staging Limitations and Pitfalls. Springer; 
2005:105–122)
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ficult during laparoscopy, even though this technical 
approach has been described (Figs. 13.6 and 13.7).

Approximately 5–10 min after blue-dye inoculation, or 
some minutes later with the ICG dye, the first lymph node 
begins to stain, and the first 1–4 stained nodes are marked 
for detailed histologic analysis (Fig.  13.8). Using this 
method, Saha reported a 100% detection rate, 89% sensitiv-
ity, 100% specificity, and 93.5% negative predictive value. 
Using the same technical approach, Waters et  al. [53] 
obtained a 100% detection rate. In 5% of patients, the SLN 
was the only node with metastasis. The same technical 
approach is feasible in cases of rectal cancer with intraperi-
toneal location above the peritoneal reflection. In patients 
with medium or low rectal cancer, a total mesorectal exci-
sion is necessary. In vivo submucosal inoculation during 

proctoscopy is feasible [39], as is the submucosal ex vivo 
inoculation of dye. Adopting this approach in patients with 
rectal cancer, Saha [39] achieved a 90.6% detection rate, 
with 100% negative predictive value.

Ex vivo studies. This staining method involves the ex vivo 
injection of dye (2 mL of 1% blue dye or 2 mL of sterile 
water containing 0.5 mg/mL of ICG) into the subserosa or 

a b

Fig. 13.6 (a) Intraoperative injection of blue dye into the subserosa 
layer during laparoscopy. (b) Blue-stained lymph nodes within 
5–10 min after dye injection during laparoscopy (reproduced with per-

mission from Bianchi PP, Petz W, Casali L. Laparoscopic lymphatic 
roadmapping with blue dye and radioisotope in colon cancer. Colorectal 
Dis. 2011;13 (Suppl 7):67–69)

Fig. 13.7 Intraoperative injection of ICG into the subserosa layer of 
right colon cancer during laparoscopy (image provided by courtesy of 
Dr. Salvador Morales, Hospital Virgen del Rocío, Seville, Spain)

Fig. 13.8 The blue-stained lymph nodes are marked with a surgical 
clip in order to be identified for separate extensive histopathologic anal-
ysis (reproduced with permission from Saha S, Dan AG, Viehl CT, 
Zuber M, Wiese D.  Selective sentinel lymphadenectomy for human 
solid cancer. In: Leong SPL, Kitagawa Y, Kitajima M, Eds. SLN 
Mapping in Colon and Rectal Cancer: Its Impact on Staging, 
Limitations, and Pitfalls. Springer; 2005:105–122)
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submucosal layer at four points around the site of the pri-
mary tumor immediately after resection of the surgical speci-
men en bloc including the primary tumor (Fig.  13.9). 
Previous longitudinal section of the specimen through the 
antimesenteric border is necessary to perform submucosal 
injection. Once the dye has been injected, massage of the 
inoculated area for 5 min is necessary. Stained nodes are des-
ignated as SLNs and harvested for analysis (Fig.  13.10). 
Comparable results have been obtained between the ex vivo 
and the in vivo staining methods (Table 13.2). Wong et al. 
[54] achieved a 92.3% detection rate, with a mean number of 
three SLNs obtained per patient, while Fitzgerald et al. [55] 
identified the SLN in 88% of their patients. Similar detection 
rates (94–100%) have been reported by other authors using 
the same ex vivo method [57, 58].

Liberale et al. [59] compared ex vivo intraserosal peritu-
moral injection of ICG with blue dye in patients with colon 
cancer. The detection rate was 95% and sensitivity of the 
blue dye and ICG techniques was 43% and 57%, respec-
tively. The two techniques were complementary and had a 
global 83% sensitivity. The sensitivity of ICG was higher 
than that for the blue dye technique in patients with a body 
mass index >25 [59].

13.3.1.2  Radioguided Method
In case of SLN mapping with radiocolloid lymphoscintigra-
phy, the study is performed following the same criteria as in 
gastric cancer: 99mTc-tin colloid is endoscopically injected into 
the colonic submucosa at four sites (0.5 mL each) around the 
primary tumor using a disposable 23-gauge needle (Fig. 13.11). 
Radiocolloid administration is generally performed the day 
before the operation (or at least 3  h before surgery). 

a b

Fig. 13.9 “Ex vivo” injection of 2 mL of 1% blue dye (methylene blue) into the subserosal layer (a) and submucosal layer (b)

Fig. 13.10 The blue-stained SLNs after “ex vivo” subserosal injection 
are resected

Table 13.2 Results of “ex vivo” and “in vivo” staining methods for 
SLN mapping in colon cancer

Author
In 
vivo

Ex 
vivo

Detection rate 
(%)

Negative predictive 
value (%)

Saha [39] X 100 93
Wong [54] X 92.3 —
Fitzgerald 
[55]

X 88 —

Waters [53] X 100 100
Bianchi [56] X 100 94
Quadrosa X 91 67
Gretschelb X 85 80
Balaguéa X 91 87

aUnpublished data
bGretschel S, Bembenek A, Ulmer Ch, et al. Prediction of gastric cancer 
lymph node status by SLNB and the Maruyama computer model. Eur J 
Surg Oncol. 2005;31:393–400
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Lymphoscintigraphy is recommended, and can be performed 
2 h after endoscopic inoculation. SPECT/CT imaging is useful 
for accurate preoperative evaluation, and can be helpful to 
establish the most adequate surgical strategy (Fig. 13.12).

The preliminary results of intraoperative lymphoscintig-
raphy obtained in a well-selected small group of patients are 
promising, with high sensitivity and specificity, although fur-
ther prospective studies are necessary.

As the best technique for SLN mapping in patients with 
colorectal cancer, Bilchik [1] recommended a combination 
of radiocolloid and blue dye, emphasizing that this technique 
will become increasingly popular for improving the accuracy 
of lymph node staging. In particular, this procedure offers 
the potential for significant upstaging of GI cancer [1].

SLN mapping in colon cancer has also been described 
with the use of laparoscopic techniques. Wood et  al. [60] 
reported 100% SLN detection rate, with 100% accuracy in a 
series of nine patients submitted to laparoscopy. In surgical 

Fig. 13.11 Endoscopic injection of 99mTc-tin colloid into the colonic 
submucosa

Fig. 13.12 SPECT/CT acquired after submucosal injection of the radiocolloid can be helpful to optimize the surgical strategy
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laparoscopy, the marker can be inoculated ex vivo or in vivo, 
with either dye or radiocolloid. The dye can be injected 
in vivo at the submucosal level (by endoscopy), or subsero-
sally (by laparoscopy) as described by Bianchi et  al. [56] 
(Fig. 13.6). The laparoscopic approach makes it difficult to 
mark the lesion.

Kitagawa et  al. [15] described correct SLN localization 
using a laparoscopic gamma probe. During minimally inva-
sive surgery, Bianchi et  al. [56] identified the SLNs with 
good specificity using the blue dye, but sensitivity was still 
low (78%). According to these authors, these results have 
limited more widespread diffusion of the method, although it 
is possible to improve such performance using an intraopera-
tive gamma camera.

It is important to consider the elevated heterogeneity 
between the reported studies in terms such as laparoscopic 
versus open surgery, in vivo versus ex vivo, submucosal ver-
sus subserosal injection, volume of the injectate, type of dye 
used, and histopathological analyses. These heterogeneities 
make it difficult to analyze the benefits of the technique. It is 
therefore mandatory to standardize as much as possible the 
technical procedures and histopathological analyses used [4].

Acknowledgements This chapter is a revision of the original chapter 
written by C. Balagué and J. L. Pallarés in the previous edition of the 
book.

Key Learning Points
• More accurate staging of colon cancer using SLN 

mapping can influence the decision for adjuvant 
treatment.

• Results with ex vivo and in vivo staining methods 
are comparable.

• One advantage of the in  vivo method is that it 
can detect aberrant lymph nodes, that is, nodes 
outside the expected drainage basins, thus allow-
ing excision of the most appropriate lymphatic 
territories.

• The heterogeneity of study findings hinders evalua-
tion of the benefit of the technique.

• Therefore, it is mandatory to standardize as much as 
possible the technical procedures and histopatho-
logical analyses used.
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 Clinical Cases

Case 13.1: SLN Mapping in Cancer of Ascending Colon: 
Drainage to Lumbo-Aortic Nodes After Submucosal 
Peritumoral Injection (SPECT/CT Imaging)

Joan Duch

Background Clinical Case
A woman (age lost in follow-up) with ascending colon 

cancer underwent lymphoscintigraphy for radioguided 
SLNB.

Lymphoscintigraphy
The afternoon before surgery, lymphoscintigraphy 

was performed following submucosal injections of 

0.5 mL of 74 MBq 99mTc-albumin nanocolloid (divided 
into two aliquots) around the tumor under endoscopic 
guidance. A dual- detector SPECT gamma camera 
(Millennium MG, GE Healthcare, Milwaukee, WI) 
equipped with low-energy high-resolution (LEHR) colli-
mators was used to obtain early abdominal dynamic 
images and subsequent planar acquisitions in anterior 
and posterior projection at 30 min and 60 min after radio-
pharmaceutical injection. Dynamic images (1 frame 
60  s/30 frames) were acquired in anterior and posterior 
projection with a 256 × 256 matrix and zoom factor 1.00, 
while static images were acquired in anterior and poste-
rior projection with a 128 × 128 matrix and zoom factor 
1.00.

a b c

Fig. 13.13 Transverse (a), coronal (b), and sagittal (c) CT, SPECT, and fused SPECT/CT images show drainage to the interaortocaval region
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Fig. 13.14 MR for local evaluation of tumor. Rectal cancer 8 cm from 
anal verge

Fig. 13.15 Endoscopic submucosal inoculation of radiocolloid

Case 13.2: SLN Mapping in Rectal Cancer: Drainage to 
Lumbo-Aortic Nodes After Submucosal Peritumoral 
Injection (Planar, SPECT/CT, and Intraoperative 
Imaging)

Carmen Balagué and José Luis Pallarés

Background Clinical Case
An 85-year-old woman with rectal bleeding underwent 

colonoscopy, which revealed a rectal lesion 8 cm from the 
anal verge. Histopathology: adenocarcinoma. Local eval-
uation with MR: T2N0. Further evaluation with CT scan 
for distant metastasis: M0. Neoadjuvant chemo-radiother-
apy was not accepted by the patient. Before surgery (low 
anterior rectal resection) the patient was submitted to 
SLNB.

Anatomical location of primary malignancy: large 
bowel, rectum, 8 cm from anal verge.

Technical Background Acquisition
SLN detected by in vivo study, using radiocolloid.

Staining method:
Endoscopic inoculation of 37  MBq of 99mTc-albumin 

nanocolloid at each of the quadrants around the site of the 
primary tumor the day before surgery. This was done in three 
quadrants given the difficulty to perform endoscopic inocula-
tion behind the lesion. Two hours later, a planar lymphoscin-
tigraphy was acquired using a Philips Brightview SPECT/CT, 
during 600  s and with an acquisition matrix of 256 × 256. 
SPECT/CT was also acquired in a Philips Brightview SPECT/
CT, with an acquisition matrix of 64 × 64, with 64 projections 
(10 s/projection). CT was done with a Kv of 120 and a mA of 
20. SPECT/CT lymphoscintigraphy demonstrated physiolog-
ical uptake in left aortoiliac region, due to colonic uptake, and 
showed also a high mesorectal uptake, with no identification 
of SLNs. Low anterior resection (LAR) was performed. The 
pelvic study was completed by gamma probe assisted by por-
table gamma camera imaging (Sentinella), and no activity of 
nodal iliac territory was detected. Histopathological results: 
pT2N0M0. Total lymph nodes detected: 22 (negative).
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Fig. 13.16 Planar lymphoscintigraphy showed high uptake in the 
mesorectal region and in the left aortoiliac region

Fig. 13.17 SPECT/CT. Upper panel: SPECT/CT lymphoscintigraphy 
demonstrated that radioactivity apparently representing lymph node 
uptake in the left aortoiliac region was actually due to nonspecific 

colonic accumulation. Lower panel: SPECT/CT also showed a high 
mesorectal uptake, with no clear identification of SLNs

Fig. 13.18 Detection with gamma probe assisted by Sentinella gamma 
camera
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Case 13.3: SLN Mapping in Cancer of Ascending Colon: 
“Ex Vivo” Technique with Peritumoral Blue Dye and 
Radiocolloid Injection

José Luis Pallarés, Joan Duch, and Carmen Balagué

Background Clinical Case
An 86-year-old woman with anemia. Colonoscopy showed a 

5–6  cm ulcerated lesion in the right colon. Histopathologic 
examination revealed an adenocarcinoma. Staging with CT 
scan demonstrated no distant metastasis (T2-3N0M0). Before 
surgery (laparoscopic right  hemicolectomy) the patient was 
submitted to radioguided SLNB.

Anatomical location of primary malignancy: large 
bowel, right colon.

Technical Background Acquisition
SLN detected by ex  vivo study using blue dye and 

radiocolloid.
Staining method: Ex vivo injection of 2 mL of 1% blue 

dye into the subserosa layer (0.5 mL at each of the four 
points around the site of the primary tumor). The radiocol-
loid is inoculated in the same points (37 MBq of 99mTc- 
nanocolloid). Massage for 5 min of the inoculated area is 
necessary. After that, gamma probe (Gamma Finder II) is 
used in order to detect the SLNs. Two SLNs are detected 
through the blue dye, and three by the radiocolloid. Only 
one SLN has been detected combining the two methods.

Histopathological results: T2N0M0. Total lymph nodes 
detected: 19 (all negative). SLNs were all negative.

Fig. 13.20 Subserosal inoculation of blue dye and radiocolloid

Fig. 13.21 Ex vivo SLN detection marked with blue dye

Fig. 13.22 SLN identification after radiopharmaceutical injection

Fig. 13.19 Scanner: image of tumor. Large bowel: right colon
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14.1  Introduction

SLNB is a minimally invasive surgical approach for staging 
the lymph node status. The rationale is that the SLN repre-
sents the first lymph node(s) with direct lymphatic drainage 
from the primary tumor. Hence, when the histopathological 
evaluation of SLN reveals the absence of metastases the 
other lymph nodes should in principle be negative, and radi-
cal lymphadenectomy should be omitted. So far, SLNB is the 
standard of care in well-selected patients with vulvar cancer, 
cervical cancer, and endometrial cancer [1–5]. In 1994, 
Levenback and co- workers published the first study on 
SLNB for vulvar cancer. They used isosulfan blue as a 
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Learning Objectives
• To understand the rationale of the sentinel lymph node 

biopsy (SLNB) in patients with early-stage vulvar 
cancer, cervical cancer, and endometrial cancer.

• To acquire basic knowledge on the clinical applica-
tions of SLNB in gynecological cancers.

• To become familiar with preoperative and intraop-
erative procedures for sentinel lymph node (SLN) 
mapping in gynecological cancers.
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marker for visual guidance, and identified the SLN in 7 of 9 
patients (7 of 12 groins) without false-negative SLN (i.e., no 
metastatic SLN but metastatic non-SLN) [6]. In 1996, Burke 
et al. introduced the SLNB in high-risk endometrial cancer, 
similarly using isosulfan blue for visual guidance. The 
authors identified the SLN in 10 of 15 patients [7]. In 2002, 
Levenback et al. described the first study on preoperative and 
intraoperative SLN mapping for invasive cervical cancer. 
They identified at least one SLN in 33 patients with preop-
erative imaging, and detected intraoperatively at least one 
SLN in all 39 patients; 1 patient had a false-negative SLN 
[8]. Blue dye has been the first lymphatic tracer for intraop-
erative SLN mapping in gynecological cancers [6, 7]. 
However, this visual marker has a low tissue penetration, and 
thus is not applicable in obese patients. Moreover, it is con-
traindicated in women during pregnancy and lactation or 
with possible anaphylactic allergic reactions (favism). 99mTc-
labeled colloids are currently the lymphatic mapping radio-
tracers widely used for gynecological cancers [8, 9]. In 
particular, 99mTc emits gamma rays with a relatively short 
half-life (6 h), and so is safe for both patients and medical 
personnel. Nevertheless, the combination of 99mTc-labeled 
colloid and blue dye is the most appropriate technique for 
SLN mapping, because it is associated with a greater SLN 
detection rate than blue dye or the radiocolloid alone, espe-
cially for cervical cancer [10]. Recently, the fluorescence 
guidance with a marker like indocyanine green (ICG) has 
been introduced for the SLN mapping in gynecological can-
cers [11, 12]. This marker emits a light signal in the near-
infrared band after excitation, thereby offering a real-time 
intraoperative guidance with higher tissue penetration than 
the blue dye. However, the rapid lymphatic diffusion of ICG 
causes the visualization of more lymph nodes than SLNs. 
Even more recently, a hybrid tracer, known as ICG-99mTc-
nanocolloid, has been used for SLNB in vulvar cancer and 
cervical cancer [13–15]. This radiotracer combines both 
radioactive (99mTc-nanocolloid) and fluorescent (ICG) guid-
ance in a single injection, thereby allowing both a preopera-
tive and intraoperative lymphatic mapping.

14.2  The Clinical Problem

Vulvar cancer is a rare disease in the Western world, with an 
incidence rate of 2.4 per 100,000 women per year in the 
United States [16]. In younger patients vulvar cancer is 
mostly associated with infection from the human papilloma-
virus, whereas vulvar cancer occurring in elderly women is 
rarely associated with the human papillomavirus [17]. 
Squamous cell carcinoma constitutes about 90% of vulvar 
cancers [18]. The pattern of metastatic spread is mainly 
lymphatic, while hematogenous metastasis is uncommon. 
The key prognostic factor is the presence of lymph node 
metastasis. Indeed, the 5-year overall survival rate decreases 
from 95% in the absence of groin metastasis to 62% in the 
presence of groin metastasis [19]. Only 25–35% of women 
with early-stage vulvar squamous cell carcinoma have groin 
lymph node metastasis [19]. Therefore, the majority of these 
women undergo unnecessary inguino-femoral lymphade-
nectomy with a high risk of postoperative short- and long-
term morbidity, such as infection and breakdown of the 
surgical wound, lymphocyst formation, and lymphedema of 
the legs [20]. These postoperative complications may 
severely impact the patient’s quality of life, and delay the 
inguinal-pelvic adjuvant radiation if indicated. To minimize 
these complications, SLNB is recommended in well-
selected women with early-stage vulvar cancer [2, 3]. 
Furthermore, preoperative SLN mapping enables to define 
lymphatic drainage of the tumor, which is useful for plan-
ning a more personalized surgery. Lymphatic drainage of a 
lateral tumor is mainly ipsilateral, while lymphatic drainage 
of a midline tumor is bilateral. Thus, when a unilateral 
drainage in a midline lesion is present, the lymphatic basins 
of both sides should be explored [2, 3]. Finding SLN metas-
tasis guides for a more extensive lymphadenectomy, or 
adjuvant radiotherapy. Instead, nonmetastatic SLNB avoids 
extensive lymphadenectomy, and is associated with a low 
incidence of relapse (2.5%) [21], a low incidence of postop-

Key Learning Points
• SLNB is a minimally invasive surgical approach for 

lymph node staging in gynecological cancers.
• In 1994, Levenback et al. published the first study 

on SLNB for vulvar cancer, using visual guidance 
with a blue dye.

• The combination of radiotracer and blue dye is the 
most appropriate technique for SLN mapping, espe-
cially for cervical cancer.

• A dual-signature hybrid tracer, ICG-99mTc-
nanocolloid, has been recently used for vulvar can-
cer and cervical cancer. It combines both radioactive 
and fluorescent guidance in a single injection, 
thereby allowing both preoperative and intraopera-
tive lymphatic mapping.
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erative complications [9], and good survival [21]. Finally, 
SLNB involves a shorter operation time and length of hospi-
tal stay, lower costs, and improved pathological examina-
tion than lymphadenectomy [22].

Cervical cancer is the third most common female cancer 
worldwide, with an incidence rate of 7.4 cases per 100,000 
women per year in the United States [16]. It occurs mainly in 
younger women, and is frequently associated with the human 
papillomavirus infection. Squamous cell carcinoma is the 
most common cancer of the uterine cervix. The key prognos-
tic factor is the presence of pelvic lymph node metastasis. 
Indeed, the 5-year overall survival rate decreases from 
95–88% in the absence of lymph node metastasis to 78–51% 
in presence of lymph node metastasis in early stages IB and 
IIA [23]. Pelvic lymphadenectomy is an overtreatment in 
early-stage cervical cancer, due to the low incidence (21%) 
of metastatic lymph nodes [24]. Moreover, it is associated 
with short- and long-term morbidities such as lymphocyst 
formation, nerve injury, venous thromboembolism, and 
lower extremity lymphedema. In an attempt to reduce these 
morbidities, SLNB is recommended in well-selected women 
with early cervical cancer [4]. Furthermore, SLNB enables 
to identify unusual lymphatic drainage patterns, such as 
those towards the para-aortic, common iliac, internal iliac, 
and parametrium areas [25], known as Marnitz areas 1, 2, 5, 
and 6, respectively [26]. In particular, Bats et al. showed that 
3/23 patients with SLN metastases (13%) had a single meta-
static lymph node located only in unexpected areas and 
detected only by SLNB [25]. Additionally, SLNB increases 
the identification of micrometastases (>0.2 but ≤2 mm) and 
isolated tumor cells (≤0.2  mm) through SLN ultrastaging 
with immunohistochemistry [25]. The lymphatic spread of 
cervical tumor (midline organ) is mainly bilateral; thus, if 
only ipsilateral is observed during SLN mapping, a contra-
lateral pelvic lymphadenectomy is necessary [4, 27].

Endometrial cancer is the most common female cancer 
worldwide, with an incidence rate of 24.9 per 100,000 
women per year in the United States [16]. It occurs princi-
pally in older women and adenocarcinoma is the most com-
mon histologic type. Lymph node status is the major 
prognostic factor in endometrial cancers. Indeed, the 5-year 
survival rate varies from 52 to 44% in women with meta-
static pelvic or para-aortic lymph nodes [28]. Systematic pel-
vic and para-aortic lymphadenectomy was traditionally 
advised for all patients. Although lymphadenectomy pro-
vides an accurate lymph node staging for guiding adjuvant 
therapy, it has a high risk of postoperative complications 
without benefit in terms of overall survival and recurrence- 
free survival [29]. SLNB, as a more selective and tailored 
lymphadenectomy, is currently recommended in well-
selected women with endometrial cancer [5]. In particular, 

SLNB with ultrastaging may increase the detection of lymph 
node metastasis (micrometastasis and isolated tumor cells) 
with low false-negative rates [30], and thus avoids unneces-
sary surgical complications in women with negative lymph 
nodes.

14.3  Lymphatic Drainage of Gynecological 
Tumors

In vulvar cancer, the lymphatic spread is principally to the 
superficial inguinal nodes, then to the deep inguinal nodes, 
and to the pelvic lymph nodes. However, clitoris and 
perineum cancers can drain directly to the deep lymph nodes 
or to the pelvic lymph nodes. Nevertheless, it is unlikely to 
find pelvic metastases without groin metastasis [9]. The 
presence of pelvic metastasis is considered as distant metas-
tasis [31]. Lateral tumors of the vulva (more than 1–2 cm 
from the midline) most likely spread to the ipsilateral lymph 
nodes, while midline tumors (within 1–2 cm from midline) 
drain to both groins. The most common localization of meta-
static lymph nodes is the groin, especially in the medial 
superior of Daseler’s zones [32].

In cervical cancer, the lymphatic drainage is bilateral 
owing to the midline location of the uterine cervix in the pel-
vis. There are three different lymphatic pathways: (a) later-
ally to the external iliac lymph nodes; (b) posterolaterally to 
the internal iliac lymph nodes; and (c) posteriorly to the pre-
sacral lymph nodes. The most common locations of pelvic 
lymph nodes are the obturator region and the external iliac 
basin [24].

In endometrial cancer, the lymphatic drainage is bilateral 
due to the midline position of corpus uteri in the pelvis. 
There are two different lymphatic routes: the upper segment 
of corpus uteri drains to the para-aortic region, while the 
lower segment of corpus uteri drains to the pelvic lymph 
nodes. The most common location of metastatic lymph nodes 
is in the pelvic area [7].

Key Learning Points
• In all gynecological cancers the key prognostic fac-

tor is the presence of lymph node metastases.
• Preoperative SLN mapping enables to define the 

lymphatic drainage of gynecological tumors, which 
is useful for planning a more personalized surgery.

• SLNB increases the identification of lymph node 
metastases (micrometastases and isolated tumor 
cells) through ultrastaging.
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14.4  Indications and Contraindications 
of SLN Mapping

In women with squamous cell carcinoma of the vulva, SLNB 
is indicated in case of unifocal primary tumor smaller than 
4  cm in diameter, with more than 1  mm depth of stromal 
invasion and clinically at N0 stage (2009 FIGO Stages IB 
and II) [2] (Table 14.1). In women with vulvar melanoma, 
SLNB is indicated in tumor with Breslow thickness between 
1 and 4 mm (Table 14.1).

SLNB is recommended in women with early-stage cervi-
cal cancer who have a primary tumor ≤4  cm in diameter, 
with depth of stromal invasion >3 mm, and clinically at N0 
stage (stage IA1 with lymphovascular invasion [LVI], stages 
IA2, IB1, and IIA1) (Table  14.1) [4]. However, the best 
detection rates and mapping results are in tumors <2 cm in 
diameter [33].

SLNB is advised in women with early-stage (stages IB 
and II) endometrial cancer who have uterine-confined dis-
ease, grading G3 (poorly differentiated or undifferentiated), 
one half or more of myometrial invasion, and high-risk his-
tologies (papillary serous, carcinosarcoma, or clear-cell can-
cer) (Table 14.1) [5].

For all gynecological cancers, SLNB is not indicated in 
the following cases: (a) presence of metastatic lymph nodes 
on clinical examination; (b) prior surgery of the tumor or 
previous lymphadenectomy; (c) prior radiotherapy of the 
inguino-pelvic area; and (d) contraindication to surgical 
treatment (Table 14.1) [1].

14.5  Modalities of Radiocolloid Injection

As a first step, a local anesthetic such as lidocaine is applied 
on the primary vulvar cancer or scar for pain relief. After 
5–10 min from application of the anesthetic, the radiotracer 
(99mTc-nanocolloid or ICG-99mTc-nanocolloid) is injected 
intradermally into the four quadrants around the tumor edge 
or scar using a 25-gauge needle [1].

In cervical cancer, the speculum is used for helping to 
expose the cervical orifice. Afterwards, the radiotracer 
(99mTc-nanocolloid or ICG-99mTc-nanocolloid) is injected 
into the subserosa in four divided quadrants around the pri-
mary tumor or cervical orifice, using a 20- or 22-gauge spi-
nal needle. In case of prior conization, the injection should 
be around the scar. In case of small tumors, the submucosal 
injection would be preferred, while the injection into the 
necrotic part of the tumor should be carefully avoided, espe-
cially in the presence of large tumors [1].

In endometrial cancer, there are three different modalities 
of injection. The first is cervical injection. The radiotracer is 
injected in the four cardinal points of the cervical orifice 
before surgery, enabling to obtain the preoperative SLN 
mapping. The second is endometrial injection: the radio-
tracer is injected around the primary tumor through a hys-
teroscope at the beginning of surgery, therefore without 
preoperative SLN mapping. The third is myometrial injec-
tion: the radiotracer is injected in the myometrium during 

Table 14.1 Indication and contraindication for SLNB in gynecologi-
cal cancers

Gynecological 
tumor Indications

Contraindications (for all 
gynecological cancers)

Vulvar cancer –  Squamous cell 
carcinoma

–  Tumors <4 cm
–  Stages IB and II

–  Clinical N+
–  Prior surgery
–  Prior radiotherapy of 

inguinal-pelvic area
–  Contraindication to 

surgical treatment
Vulvar 
melanoma

–  Breslow thickness 
1–4 mm

Cervical 
cancer

–  Squamous cell 
carcinoma

–  Tumors ≤4 cm 
(better results if 
<2 cm)

–  Stages: IA1 with 
LVI, IA2, IB1, IIA1

Endometrial 
cancer

–  Uterine-confined 
tumor

–  Myometrial invasion 
≥50%

– Grade G3
–  High-risk 

histological subtype
–  Stages IB and II

Key Learning Points
• Lateral tumors of the vulva (>1–2 cm from the mid-

line) likely spread to the ipsilateral lymph nodes, 
while midline tumors (≤1–2  cm from midline) 
drain to both groins.

• In cervical cancer and endometrial cancer, the lym-
phatic drainage is bilateral—owing to their midline 
position in the pelvis.

• In cervical cancer, there are three different lym-
phatic pathways: (a) laterally to the external iliac 
lymph nodes; (b) posterolaterally to the internal 
iliac lymph nodes; and (c) posteriorly to the presa-
cral lymph nodes.

• In endometrial cancer, the upper segment of corpus 
uteri drains to the para-aortic region, while the 
lower segment of corpus uteri drains to the pelvic 
region.
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surgery. An alternative modality is myometrial injection 
guided by transvaginal ultrasonography [1].

14.6  Preoperative SLN Imaging

Scintigraphic images are obtained using a dual-head gamma 
camera equipped with low-energy, high-resolution collima-
tors. The energy window should be ±15% centered over the 
140  Kev photopeak of 99mTc. The acquisition protocol 
includes four steps (Fig. 14.1).

In the case of vulvar cancer, the first step is the dynamic 
acquisition. Five minutes after radiotracer injection, dynamic 
images of the pelvis in the anterior and posterior views are 
recorded by acquiring 30 frames of 30-s duration, with a 
128 × 128 matrix and zoom 1 (a dynamic study is not acquired 
for cervical and endometrial cancers). Dynamic images 
enable to visualize the lymphatic ducts directly draining from 
the injection site (the primary lesion) to the lymph nodes, thus 
identifying bilateral or unilateral lymphatic drainage from the 
tumor and the first-draining lymph nodes.

a b

c

d e

Fig. 14.1 A 75-year-old woman with invasive vulvar squamous cell 
carcinoma of the right labia majora. Anterior dynamic (a), early (b), 
and late (c) planar images show unilateral lymphatic drainage with 
visualization of a single SLN (black arrow) in the right groin, corre-

sponding to a focal uptake (yellow arrow) in the transaxial fused 
SPECT/CT image (d) and normal-sized lymph node located in the 
medial superior inguinal zone on transaxial low-dose CT (e)

Key Learning Points
• In vulvar cancer, the radiotracer is injected intrader-

mally into four quadrants around the tumor edge or 
scar.

• In cervical cancer, the radiotracer is injected into 
the subserosa in four divided quadrants around the 
primary tumor or cervical orifice.

• In endometrial cancer, there are three different 
modalities of injection: (a) cervical injection, (b) 
endometrial injection, and (c) myometrial 
injection.
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The second step is acquisition on an early planar scan. 
Immediately after the dynamic study (or about 20–25 min 
after radiocolloid injection), early planar images in anterior 
and lateral views are acquired for 3–5 min, with a 128 × 128 
matrix and zoom 1. In cervical and endometrial cancers, the 
early planar images are acquired 30  min after radiotracer 
injection. The early images allow identification of the num-
ber of higher echelon node(s), that is, the lymph node(s) 
draining from the SLNs.

The third step is acquisition of a late planar scan. About 
120  min after radiotracer injection, late planar images in 
anterior and lateral views are acquired using the same param-
eters as for the early planar scan. These images permit to 
identify additional SLNs and higher echelon nodes that 
appear later (Fig. 14.2).

Afterwards, a reference source (such as 57Co-penmarker) 
is used for SLN localization on the overlying groin skin in 
women with vulvar cancer. The site of SLN is then skin- 

a b
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Fig. 14.2 An 85-year-old woman with squamous cell carcinoma of the 
clitoris. Anterior dynamic and early (a) images show unilateral lym-
phatic drainage with visualization of a single SLN in left groin. Anterior 
late image (b) shows bilateral lymphatic drainage with visualization of 
one additional SLN (arrow) in right groin corresponding to a single 
focal uptake (yellow arrow) in transaxial fused SPECT/CT image (c) 

and normal-sized lymph node (yellow arrow) located in the medial 
superior inguinal zone on transaxial low-dose CT (d), plus another 
additional SLN in left groin (dashed arrow, b) corresponding to a focal 
uptake (red dashed arrow) in transaxial fused SPECT/CT images (e) 
and normal-sized lymph node (red dashed arrow) localized in the 
medial inferior inguinal zone on transaxial low-dose CT (f)
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marked with indelible ink in the anterior and lateral static 
views, so allowing a small and selective incision in vulvar 
cancers. On the other hand, a mark on the skin is not a useful 
guide in cervical and endometrial tumors, due to overdisten-
sion of the abdominal wall during surgery.

The fourth step is acquisition of a SPECT/CT scan. After 
acquiring the late planar scan, SPECT/CT images are 
obtained using 20  s per frame, 3° angular views, with a 
128 × 128 matrix and zoom 1. Reinjection of the radiocolloid 
is recommended when no lymphatic drainage is visualized 
on the SPECT/CT scan [1].

14.7  Added Value of SPECT/CT Imaging

In gynecological tumors, especially cervical and endometrial 
cancers, lymphatic drainage to deep lymph nodes is difficult 
to localize on planar images. Hence, SPECT/CT plays a rel-

evant role for preoperative SLN mapping. In particular, 
SPECT/CT imaging provides an exact anatomical location 
of SLNs (Figs. 14.3, 14.4, and 14.5) [32, 34–39], and allows 
detection of a greater number of SLNs than planar images 
[32, 37], and detection of SLNs close to the injection site 
(especially for cervical cancer in which the deep location of 
corpus uteri hides the parametrial SLNs [36, 37, 40]), or 
lymphatic drainage to unusual locations [34]. Furthermore, 
SPECT/CT images decrease false-positive findings due to 
external contamination [41], or presence of radioactivity in 
enlarged lymphatic vessels [39]. SPECT/CT images also 
help in the visualization of bilateral drainage from endome-
trial cancer, especially in obese patients (Fig. 14.5). A novel 
approach to SLN mapping in patients with gynecological 
cancers is the fusion of ultrasound and 3D SPECT/CT 
images, as shown by the encouraging results of a feasibility 
study reported by Garganese et al. in five patients with vulvar 
cancer [42].

a f

g

b c

d e

Fig. 14.3 A 53-year-old woman with squamous cell carcinoma of cli-
toris. After injection of 99mTc-nanocolloid into four depots surrounding 
the tumor, a dynamic study of the pelvis (a) was acquired. Early (b) and 
late (c) planar images show bilateral lymphatic drainage and a star arti-
fact at the site of injection. The use of lead pieces as a shield may 
improve the early (d) and late (e) images, but much care must be taken 

in order to avoid covering SLNs close to the site of injection. Coronal 
CT image with 3D volume rendering (f) in variable angles enables to 
clearly separate the injection activity from the draining lymph nodes. 
The use of a portable gamma camera can help the precise marking of 
SLNs on the groin skin (g), and to assess intraoperatively complete 
removal of SLNs
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a b c

d

e f

Fig. 14.4 A 28-year-old woman with early-stage cervical cancer (stage 
IB1). The hybrid tracer, ICG-99mTc-nanocolloid, was preoperatively 
injected into four depots around the tumor. Early (a) and late (b) planar 
images of the pelvis show the bilateral drainage with some asymmetry 
in lymph node distribution. Coronal CT images with 3D volume render-
ing (c, d) and their corresponding transaxial CT images (d) show the 

correct anatomical position of SLNs (red arrow). Intraoperatively, 2 mL 
of methylene blue dye was injected in the same site as the hybrid tracer. 
During laparoscopic approach (e), a blue-stained and fluorescent SLN 
(black arrow) was clearly depicted in the external iliac area. This SLN 
shows radioactivity (187 counts/s, f) during the ex vivo counting with 
laparoscopy-adapted gamma probe

Key Learning Points
• Firstly, the dynamic images of the pelvis in anterior 

and posterior projections are acquired 5 min after 
the radiotracer injection. This step is not used for 
cervical cancers and endometrial cancers.

• Secondly, early planar images and late planar 
images in anterior and lateral projections are 

acquired for identifying additional SLN and the 
higher echelon nodes.

• Thirdly, SPECT/CT images are acquired for pro-
viding an exact anatomical localization of SLN, 
detecting deep SLN or close to the injection site, 
and helping the visualization of bilateral SLNs, 
especially in obese patients.
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14.8  Intraoperative SLN Detection

Prior to surgery and after starting the general anesthesia, blue 
dye or ICG is injected around the tumor or scar, in the same 
site as the radiotracer had been injected. A volume of 
0.5–1 mL of blue dye is used in vulvar cancer, whereas larger 
volumes (2–4 mL) are required for cervical cancer and endo-
metrial cancer [1]. While the blue dye is directly visible, a 
fluorescence probe and gamma probe (both with a sterile 
cover) are used for the intraoperative detection of fluorescent 
SLNs and radioactive SLNs, respectively. In particular, hand-
held probes are used for vulvar cancer, whereas laparoscopy- 

adapted probes are used in cervical cancer and endometrial 
cancer. In vulvar cancer, the gamma probe is placed near the 
mark on the groin skin for identifying the area of greatest 
radioactivity (preoperative counting), thus guiding the skin 
incision. In cervical cancer and endometrial cancer, preopera-
tive gamma counting is not possible due to the deep locations 
of SLNs. The probe is used intraoperatively for localizing the 
SLNs (intraoperative counting). During surgery, the gamma 
probe should not be directed towards the injection site. 
Shortly after excision of the radioactive SLNs, the probe is 
used to measure ex vivo SLN radioactivity (ex vivo count-
ing), and background radioactivity in order to confirm the 
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Fig. 14.5 A 36-year-old woman with high-risk endometrial cancer. The 
day before surgery the hybrid tracer, ICG-99mTc-nanocolloid, was injected 
in the four cardinal points of the cervical orifice. Early (a) and late (b) pla-
nar images show bilateral drainage (red arrows) in the pelvic area. Coronal 

CT image with 3D volume rendering (c) shows the depicted SLNs with the 
surrounding anatomical structures. Transaxial fused SPECT/CT images 
and their corresponding transaxial CT images (d, e) help to better define the 
position of these SLNs in the right and left external iliac vessels
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correct removal of all radioactive SLNs (at least 10% of the 
ex vivo counting of the hottest SLN) according to the previ-
ous lymphoscintigraphy results. Finally, all excised SLNs are 
sent for pathological examination. The SLNs are submitted to 
routine hematoxylin and eosin staining and, when no metas-
tases are detected, ultrastaging is to be performed with immu-
nohistochemistry. Patients with metastatic SLNs are 
scheduled for lymphadenectomy.

Recently, a small-field-of view, dedicated portable gamma 
cameras have been used for increasing the intraoperative detec-
tion rate (Fig. 14.3) [13, 15]. Acquisition time for intraopera-
tive imaging is only 1  min, so the procedure might take 
5–10  min in total. Comparison of the intraoperative images 
acquired before and after SLNB provides several benefits: (1) 
better localization of SLNs, especially for the parametrial 
SLNs that are close to the site of injections; (2) possibility to 
remove gamma counts due to liver’s interference during resec-
tion of the para-aortic lymph nodes; and (3) assessment of 
completeness of SLN excision in the surgical bed.

The intraoperative SLN detection rate is high using the 
combined technique of radiocolloid and blue dye, especially 
in cervical cancer (Fig. 14.4) [10]. The majority of patients 
with endometrial cancer are obese, so the fat tissue located 
around the lymphatic ducts hampers visualization of the 
blue-stained lymph nodes. For this reason the combined 
technique has a limited value in endometrial cancer com-
pared to the use of radiotracer alone [43]. Conversely, ICG is 
commonly used in the clinical routine because it provides a 
higher SLN detection rate than the blue dye [30, 43].

In cervical and endometrial tumors, it is important to con-
sider the SLN detection separately in both sides of the pelvis. 
Thus, if there is no SLN visualization in one side, a side- 
specific node dissection is needed.

14.9  Technical Pitfalls in SLN Mapping

Several technical pitfalls can interfere with the SLN procedure in 
gynecological tumors. One typical pitfall is represented by the 
false-positive SLN. One possible cause is radioactive contamina-
tion during injection of the radiocolloid [41]. In cervical or endo-
metrial cancer, the retrograde radioactive leakage during the 
injection in the vagina can contaminate the gamma camera. For 
this reason, the use of an absorbent sheet during the injection is 
recommended, to be changed before imaging. Otherwise, hot 
spots produced by contamination can be easily identified in the 
lateral view of planar images or with SPECT/CT imaging. Another 
possible case of false-positive SLN is when the true SLN is totally 
replaced by tumor cells causing a lymphatic stasis, and conse-
quently a bypass of lymphatic flow to another lymph node [44].

Another typical pitfall is represented by the non- 
visualization of SLNs. Possible causes for such occurrence 
include technical problems during radiocolloid injection, 
such as an injection too deep, or loss of injection fluid, or in 
case of overweight patients [45]. Another possible cause is 
the lymph node damage due to chemotherapy or radiother-
apy, which can lead to lymphatic stasis. Moreover, gamma 
probe exploration of the surgical bed can be affected by 
pathophysiological uptake such as (1) the site of injection, 
especially in cervical cancer where hysterectomy is per-
formed only after excluding lymph node metastasis node; (2) 
99mTc activity accumulated in the ureters because of physio-
logic kidney excretion; or (3) liver activity due to radiocol-
loid uptake in the reticuloendothelial system [1].

To minimize these pitfalls, it is crucial to include well- 
selected women with clinically negative lymph node status, 
to standardize the procedure including SPECT/CT images in 
the clinical workup, to use both tracers for intraoperative 
guidance (blue/ICG and radiotracer), and to perform the pro-
cedure in experienced tertiary referral centers.

Acknowledgements This chapter is a revision of the original chapter 
written by P. Paredes and S. Vidal-Sicart in the previous edition of the 
book.

Key Learning Points
• During surgery, blue dye or ICG is injected around 

the tumor or scar in the same site as the 
radiotracer.

• Only in vulvar cancer, the gamma probe is placed 
near the mark on the groin skin for identifying the 
area of greatest radioactivity (preoperative count-
ing) and thus guiding the skin incision.

• The gamma probe is used intraoperatively for local-
izing the SLNs (intraoperative counting) and post-
operatively to measure ex vivo radioactivity of the 
excised SLNs (ex vivo counting).

• All excised SLNs are processed for routine hema-
toxylin and eosin staining; when no metastases are 
detected, ultrastaging with immunohistochemistry 
is to be performed for revealing small metastases.

• Every patient with metastatic SLNs is scheduled for 
lymphadenectomy.

Key Learning Points
• Technical pitfalls are the contamination during the 

radioactive injection, the lymphatic stasis due to a 
metastatic SLN, and consequently a bypass of lym-
phatic flow to another lymph node as well as too 
deep injection or loss of injection fluid with non- 
visualization of SLN.

• To minimize these pitfalls, it is crucial to include 
SPECT/CT imaging in the clinical workup, to use 
both tracers (blue/ICG and radiotracer), and to per-
form the procedure in experienced tertiary referral 
centers.

A. Collarino et al.



325

 Clinical Cases

Case 14.1 SLN Mapping in Vulvar Carcinoma:  
False-Positive Finding Due to Lymphatic Duct

Alberto Fragano, Danilo Fortini, and Luca Zagaria

Background Clinical Case
A 73-year-old woman with two foci of invasive vulvar 

squamous cell carcinoma located in both left and right labia 

minora. She was scheduled for radical vulvectomy and bilat-
eral SLNB.

Lymphoscintigraphy

a b

c

d e

Fig. 14.6 After the application of local anesthesia, 99mTc-nanocolloid 
(four aliquots of 74 MBq in 0.2 mL) was injected around the two lesions 
the day before the surgery (2-day protocol). The anterior dynamic (a) 
and early (b) images show unilateral lymphatic drainage with visualiza-
tion of two SLNs (arrows, b) in the left groin. The anterior late image (c) 
shows bilateral lymphatic drainage with only one SLN (arrow) in the left 

groin corresponding to a single focal uptake (yellow arrow) on transaxial 
SPECT/CT image (d) and a non-enlarged lymph node (yellow arrow) 
located in the medial superior inguinal zone on transaxial low-dose CT 
(e). In conclusion, the two foci of uptake defined as SLNs in the left 
groin at dynamic and early planar images correspond to one SLN and to 
its lymphatic vessel on transaxial fused SPECT/CT image, respectively
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Case 14.2 SLN Mapping in Vulvar Carcinoma: 
Visualization of Pelvic SLN

Alberto Fragano, Danilo Fortini, and Germano Perotti

Background Clinical Case

An 82-year-old woman who had a vulvar squamous cell 
carcinoma of clitoris. She was scheduled for radical vulvec-
tomy and bilateral SLNB.

Lymphoscintigraphy

a
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Fig. 14.7 After the application of local anesthesia, 99mTc-nanocolloid 
(four aliquots of 37 MBq in 0.1 mL) was injected around the tumor the 
same day of the surgery (1-day protocol). The anterior dynamic images 
(a) show bilateral lymphatic drainage with one SLN in the right groin 
(arrow) corresponding to one focal uptake (red arrow) on transaxial 

SPECT/CT image (b) and non-enlarged lymph node (red arrow) in the 
medial superior zone on transaxial low-dose CT (c), plus another focal 
uptake in the pelvic area (yellow dashed arrow, d) corresponding to a 
non-enlarged lymph node (yellow dashed arrow) located in the external 
iliac zone on transaxial low-dose CT (e)
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Case 14.3 SLN Mapping in Cervical Cancer: 
Visualization of Para-aortic SLN

Sergi  Vidal-Sicart, Andrés  Perissinotti, and 
Sebastian Casanueva

Background Clinical Case
A 34-year-old woman who had early-stage cervical can-

cer (stage IB1).
Lymphoscintigraphy

a b c

d e f

Fig. 14.8 After peritumoral injection of 111  MBq of ICG-99mTc- 
nanocolloid in four deposits of 0.5 mL each (a), anterior planar images 
were obtained at 30 min (early imaging, b) and 120 min (late imaging, 
c). A focal uptake in the para-aortic area (red arrow) was clearly seen in 
the early image (b), and was considered as para-aortic SLN. Coronal 
CT image with 3D volume rendering (d) shows the depicted SLN with 
the surrounding anatomical structures. It is unusual to find para-aortic 
SLNs after radiotracer injection into the uterine cervix. Para-aortic 
nodal spread occurs usually orderly, with progressive involvement of 
the pelvic and common iliac lymph nodes before para-aortic lymph 

nodes. However, cervical cancer can occasionally metastasize directly 
to the para-aortic lymph nodes by embolization of the posterior lym-
phatic pathway (presacral area). Just before surgery, 2 mL of methylene 
blue dye was injected in the same site as the radiotracer. During lapa-
roscopy (e), a net of blue-stained lymphatic channels (blue arrows) 
were depicted running upwards to the para-aortic SLN. This SLN was 
excised and exhibited radioactivity (150  cps/s), fluorescence (f), and 
blue color. Histopathology did not show metastatic involvement in this, 
nor in two additional SLNs located in the pelvis
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Case 14.4 SLN Mapping in Endometrial Cancer

Sergi Vidal-Sicart, Andrés Tapias, and Sebastian Casanueva

Background Clinical Case

A 70-year-old woman who had endometrial carcinoma 
with myometrial involvement >50% of the uterine wall 
thickness.

Lymphoscintigraphy

a b c

d e

Fig. 14.9 After injection of 185  MBq of hybrid tracer (ICG-99mTc- 
nanocolloid) in the myometrial tissue guided by transvaginal ultra-
sound, early (at 30  min, a) and late (at 120  min, b) images were 
obtained. The deep injection in the myometrial area results in fast diffu-
sion into the bloodstream with ensuing early visualization of the bone 
marrow that can hinder visualization of lymph nodes. Only one area of 
focal uptake in the right pelvic area was seen at early (a) and late (b) 
planar imaging, and was considered as a pelvic SLN.  Coronal CT 
images with 3D volume rendering (c) and their corresponding transax-

ial CT images (d, e) show a second focal uptake in the left pelvic side 
(red arrow, d) corresponding to a second SLN in the left obturator fos-
sae. During surgery, only the left SLN was resected. No activity was 
observed with the laparoscopic adapted gamma probe nor fluorescence 
was detected in the right pelvic area. Histopathology revealed metasta-
sis of the resected left SLN. Pelvic lymphadenectomy resulted in har-
vesting of 12 negative lymph nodes and 1 positive node in the left side, 
and only 5 negative lymph nodes in the right pelvis
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Learning Objectives
• To learn indications and clinical rationale for the 

sentinel lymph node (SLN) procedure in penile, 
prostate, and testicular cancer

• To acquire knowledge on the different techniques to 
use for lymphatic mapping and SLN visualization 
in urological malignancies

• To broaden the knowledge about the dissemina-
tion routes in cancer of the male reproductive 
system

• To understand the techniques used to reduce the 
SLN false-negative rates in penile, prostate, and tes-
ticular cancer

• To acquire knowledge about the practical execution 
and implications of the SLN procedure in penile, 
prostate, and testicular cancer

• To understand the role of preoperative and intraop-
erative imaging in the SLN procedure in penile, 
prostate, and testicular cancer

15.1  Introduction

The SLN procedure, including preoperative lymphatic 
mapping, has become an essential component of lymph 
node staging in penile cancer. The extensive experience 
with sentinel lymph node biopsy (SLNB) in this cancer 
has led to an increasing application of the procedure for 
other urological malignancies. Although both preopera-
tive lymphatic mapping and intraoperative SLN detection 
are common parts of the urological applications, injection 
techniques for tracer administration and lymphatic drain-
age patterns may differ for the different cancers. In penile 
cancer, lymphatic drainage is mainly superficial, the first 
draining lymph nodes are usually located in the groin, and 
the biopsy is performed by means of open surgery. In con-
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trast, in prostate cancer radiotracer migration from the 
injection site mostly concerns SLNs along the iliac ves-
sels, and other deep-located lymphatic areas, which are 
resected by (robot-assisted) laparoscopy. In testicular 
cancer the most frequent drainage route is retroperitoneal 
along the aorta or vena cava inferior and SLNs are 
removed using laparoscopy. Some differences in radio-
tracer administration and lymphatic drainage for penile 
cancer, prostate cancer, and testicular cancer are illus-
trated in Fig. 15.1 and further in this chapter the principles 
of lymphatic mapping and SLNB for these urological 
malignancies are described.

15.1.1  Tracer Development: Hybrid Radio- 
and Fluorescence-Guided Approaches

Among other advances in recent years, combined fluores-
cence- and radioguided approaches such as the hybrid tracer 
indocyanine green (ICG)-99mTc-nanocolloid have been 
introduced during SLN procedures for penile and prostate 
cancer [1] in the Netherlands and other European countries. 
This hybrid nanocolloid has both fluorescence and radio-

logic properties. Adding the fluorescent moieties does not 
alter the biological properties of the parental radiocolloid, 
and it enables intraoperative near-infrared fluorescence 
imaging of the exact same (radioactive) lymph nodes which 
are preoperatively identified by lymphoscintigraphy and 
SPECT/CT [2]. ICG absorbs light in the near-infrared spec-
trum, mainly between 600 and 900 nm, and emits fluores-
cence between 750 and 950 nm, which can be detected by a 
fluorescence camera allowing real-time visual guidance 
during surgery [1]. It is prepared by adding pertechnetate to 
a vial of nanocolloid (GE Healthcare, Eindhoven, The 
Netherlands). ICG (PULSION Medical, Feldkirchen, 
Germany) is added and the content of the vial is subtracted 
in a syringe after which saline is added to reach a specified 
volume [3].

15.2  Penile Cancer

Penile cancer is a relatively rare disease in the Western world, 
with an incidence of approximately 1 per 100,000 [4]. Nearly 
all penile malignancies are squamous cell carcinomas. The 
presence of lymph node involvement is the single most 

Fig. 15.1 Schematic illustration of tracer injection and areas of SLN 
drainage in urological malignancies. For penile cancer (on the left) 
radiotracer is superficially injected and drainage is mostly bilateral with 
>98% SLNs located in the upper and central inguinal Daseler’s areas, 
especially the inner superior quadrant (dark green circle) [28]; this is 
illustrated by a superimposed coronal SPEC/CT in the left groin. For 
prostate cancer (middle) after deep tracer injection drainage is multidi-
rectional with approximately 60% of the SLNs along the internal iliac 
vessels, obturator fossa, and external iliac vessels; in almost 19% there 

is direct drainage to lymph nodes above the common iliac bifurcation 
and 10% above the aorta bifurcation [52, 53]; this is illustrated by a 
superimposed coronal volume-rendered SPECT/CT. In testicular can-
cer (on the right) following injection in the left testicle drainage to ret-
roperitoneal para-aortic SLNs is mostly seen whereas after injection in 
the right testicle both paracaval and interaortocaval lymphatic drainage 
is expected; less frequently, SLNs are observed along the testicular ves-
sels [71]
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important prognostic factor for cancer-specific death and 
warrants a poor cancer-specific survival of 80%, 66%, or 
37%, respectively, for N1, N2, or N3 disease [5, 6]. Likewise, 
distant metastases without lymph node metastases are 
extremely rare. Since the introduction of an anatomically 
based SLN procedure in penile carcinoma by Cabañas et al. 
in 1977, the procedure has evolved into a reliable dynamic 
staging technique, with a low complication rate (7.6–21.4%) 
compared to (prophylactic) inguinal lymphadenectomy 
(ILND) (24–58%) [7–13].

15.2.1  The Clinical Problem

Penile cancer patients are divided into two subgroups: 
patients with (cN+) or without (cN0) palpable inguinal 
nodes. Patients that are staged cN+ have nodal metastases in 
60–80% of cases [14], while cN0 patients have nodal metas-
tases in 13–16% [14]. Initially, for the best chance of cure, 
ILND was performed directly in all patients [15]. However, 
this leads to an overtreatment in more than 80% of the cN0 
patients. Furthermore, the morbidity (such as lymphedema 
and infection) of ILND had decreased in the past years but 
remains, nevertheless, substantial. As currently available 
noninvasive staging techniques lack sufficient accuracy, min-
imally invasive staging remains necessary for the time being. 
Initially, the SLN procedure for penile cancer had a high 
false-negative rate after its clinical introduction in 1994. 
After analysis of false-negative cases, several modifications 
were made to the dynamic SLNB procedure, which increased 
its sensitivity from 79 to 94% [7, 9, 16, 17]. For these rea-
sons, the EAU and NCCN guidelines of 2018 both recom-
mend the SLN procedure (in expert centers) for cN0 patients 
[18, 19].

15.2.2  Indications and Contraindications 
for SLNB

According to the guidelines patients with ≥T1G2 tumors 
and cN0 groins defined by palpation are eligible for SLNB. 
However, a preoperative negative ultrasound with fine-
needle cytology of suspicious nodes (US  ±  FNAC) is 
strongly advised to reduce false negatives due to, e.g., 
tumor blockage [20]. Studies have also safely included 
cN+ patients with a negative US ± FNAC or cN+ patients 
where the suspicious nodes on ultrasound were also 
removed [21, 22]. Repeat SLNB after tumor recurrence is 
also a validated procedure [11, 23, 24]. If the SLN is tumor 
positive, radical ipsilateral lymphadenectomy is per-
formed. In 80% of patients, no additional metastases are 
found at ILND after a positive SLNB [25]. However, cur-
rently no other treatment options are available for this 

group. Groins with tumor-free SLNs are managed with 
close surveillance, thereby avoiding the morbidity associ-
ated with lymphadenectomy.

15.2.3  Radiocolloid and Modalities 
of Injection

The tracer (99mTc-nanocolloid in most European coun-
tries) is injected intradermally. In fact, subcutaneous 
administration is easier to accomplish, but may not accu-
rately identify the route of drainage from an overlying 
cutaneous site. Furthermore, lymphatic drainage from 
the dermis is much faster than drainage from subcutane-
ous tissue. Application of a spray containing xylocaine 
10% 30  min before tracer administration is recom-
mended. As an alternative, a lidocaine/prilocaine-based 
crème can be used. This local anesthesia ensures that the 
radiocolloid injections are well tolerated and relatively 
easy to perform. A volume of 0.2–0.4  mL containing 
50–90 MBq divided into three depots (0.1 mL each) is 
subsequently administered intradermally. Each depot is 
injected raising a bleb. The radiocolloid is injected prox-
imally from the tumor. For large tumors not restricted to 
the glans, the radiocolloid can be injected in the prepuce. 
Injection margins within 1  cm from the primary tumor 
are recommended. A reproducibility rate of 100% for 
penile lymphoscintigraphy has been reported with an 
injection distance of 5 mm [26]. In patients with a previ-
ous excision biopsy scar, a secondary SLN procedure 
can be performed by administrating injections using 
similar margins. Recently, Winter et al. reported the first 
application of superparamagnetic iron oxide nanoparti-
cles in a patient using MRI for preoperative SLN map-
ping and a handheld magnetometer for the intraoperative 
procedure [27].

15.2.4  Preoperative Imaging of SLNs

Lymphoscintigraphy after radiocolloid injection consists of 
two phases: (a) Dynamic scintigraphy, performed during the 
first 10 min after radiocolloid injection, preferably in both 
the anterior and lateral views: The dynamic study is helpful 
to identify lymphatic ducts and the first directly draining 
lymph nodes. (b) Static planar imaging at 20–30 min and at 
2  h: The early planar images visualize the first draining 
lymph nodes in about 77–95% of the cases [8, 21, 22, 28]. 
On SPECT/CT visualization is seen in 90–97% of groins 
[21, 22, 28]. Immediate or delayed (a few weeks later) radio-
colloid reinjection or additional images at 4  h are recom-
mended when no SLNs are visualized [8]. If still no 
visualization is seen exploration of the groin is an option and 
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in low-risk patients (<pT1G3) close clinical surveillance 
with ultrasound can be considered [29]. Generally, the lymph 
nodes draining directly from the injection site are classified 
as SLNs. The first node appearing in a basin is considered to 
be the SLN in case of multiple visible nodes without visible 
afferent vessels.

15.2.5  Lymphatic Drainage

The most frequently visualized lymphatic drainage pattern is 
bilateral drainage to both groins (80%) (Fig. 15.2). This pat-
tern is, however, asynchronous in two-thirds of cases, and 
often visualization of the contralateral lymph nodes is only 
possible on delayed imaging [30]. Drainage from the injec-
tion site mostly occurs through one or two visualized afferent 
lymphatic ducts leading to one or two SLNs in each groin. In 

some cases a cluster of inguinal lymph nodes is observed. 
After drainage to both groins, drainage through the node of 
Rossemüller-Cloquet, on the interface of the groin and pelvis, 
into the iliacal and obturator nodes is seen. These are almost 
always second-echelon nodes. Crossover drainage from the 
groin to the contralateral pelvis has never been seen.

15.2.6  Intraoperative Detection of SLNs

It is safe to perform surgery on the day or the day after injec-
tion and nodal imaging [11]. There are indications that the 
1-day protocol has higher radioactive count, more nodes, and 
more morbidity [11].

As is customary for SLNB in melanoma and breast 
cancer, intraoperative SLN detection is guided by a 
gamma ray detection probe and blue dye or indocyanine 

Fig. 15.2 A 49-year-old patient with penile squamous cell carcinoma 
scheduled for partial penectomy and SLNB. (a) Lymphoscintigraphy 
2 h after injection of 81 MBq 99mTc-nanocolloid (i) shows drainage to a 
SLN in both groins (arrows) and bilateral higher echelon drainage. (b) 

3D volume-rendered SPECT/CT image revealing that both SLNs are 
located in the central zone of Daseler. (c, d) Axial fused SPECT/CT 
images depicting both radioactive SLNs with the corresponding lymph 
nodes on CT (arrows)
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green (ICG). After excision of all preoperatively defined 
SLNs, it is important to carefully search for any residual 
radioactivity using the probe and if available a portable 
gamma camera, to prevent that any remaining/additional 
SLNs are left behind [31, 32]. Furthermore, intraopera-
tive palpation of the wound should take place to identify 
suspicious lymph nodes that failed to pick up any radio-
colloid [33].

15.2.7  Contribution of SPECT/CT

SPECT/CT images are usually acquired after the 2-h planar 
images, and contribute to a better understanding of the 

location of the SLNs in penile carcinoma (Figs. 15.2 and 
15.3). SPECT/CT enables the anatomical localization of 
the SLNs that were previously identified by lymphoscintig-
raphy. For instance, the modality can differentiate inguinal 
from iliac (most frequently second- echelon) lymph nodes. 
Moreover, SPECT/CT enables visualization of the SLNs in 
the so-called Daseler’s superior and central inguinal zones 
that are superior to and directly overlying the saphenofem-
oral junction, respectively. SPECT/CT has confirmed that 
in the majority of patients SLNs are found in the superior 
medial (30–73%), in the superior lateral (9–37%), and in 
the central zones (18–32%) [28]. Lymphatic drainage to the 
inferior quadrants is rare (inferior medial 1.6%, inferior lat-
eral 0%) [28]. SPECT/CT identifies SLNs in groins which 

Fig. 15.3 (a) Intradermal injection of 82.92 MBq 99mTc-nanocolloid in 
a 71-year-old male resulting in visualization of a SLN in both groins 
with a second more laterally localized SLN on the right side (arrow) on 
delayed planar lymphoscintigraphy. (b) 3D volume- rendered SPECT/
CT images revealing a SLN in the superior medial quadrant on both 
sides, and a SLN in the superior lateral quadrant on the right side 

(arrow). The image also shows a second- echelon node in the right iliac 
area. (c, d) Axial fused SPECT/CT images depicting both radioactive 
SLNs with the corresponding lymph nodes on CT (arrows). 
Histopathological examination revealed micrometastases in the left 
excised SLN
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would have had non-visualization if only conventional lym-
phoscintigraphy had been used [34, 35]. Finally, SPECT/
CT is able to identify contamination of the skin with the 
radiocolloid, an occurrence which can sometimes be erro-
neously interpreted as lymph nodes on planar 
lymphoscintigrams.

15.2.8  Intraoperative Imaging

Accurate staging with SLNB can be achieved only if all 
nodes on a direct drainage pathway from the tumor are 
harvested. If SLNs are left behind, this constitutes one of 
the potential causes for false- negative results. The inte-
gration of a portable gamma camera in the intraoperative 
procedure may increase the detection sensitivity, as it 
provides an intraoperative overview image of the radio-
active SLNs and enables post- excision confirmation of 
complete removal of the SLNs in the operating room. For 
optical visualization of the SLN, vital blue dyes are tradi-
tionally used to stain 43–56% of nodes [8, 32, 36]. To 
increase intraoperative visualization rate, ICG-99mTc-
nanocolloid can be utilized as mentioned in the second 
paragraph [37]. With this combined tracer, 95–97% of the 
removed SLNs were fluorescent in vivo [32, 36]. These 
developments may help to further refine intraoperative 
retrieval of SLNs.

15.2.9  Common and Rare Variants

One of the advantages of lymphatic mapping is its ability to 
identify SLNs outside the usual nodal basins. In penile can-
cer, direct drainage to prepubic SLNs has been described 
[38]. In particular, dynamic lymphoscintigraphy often shows 
one or two lymphatic vessels leading to the SLNs. Such ves-
sels have also been observed to directly lead to deep inguinal 
and even to iliac SLNs.

Blockage of the lymph flow by tumor metastasis in the 
lymph node may cause non-visualization and lymph rerout-
ing with occasionally retrograde or contralateral flow of the 
99mTc-nanocolloid. This occurrence has been visualized by 
SPECT/CT imaging [33].

15.2.10  Technical Pitfalls

The most frequent pitfall is skin contamination. The high 
pressure of the intradermal bleb can result in leakage during 
injection or after removal of the needle. The use of (surgical) 
lights to adequately visualize the site of injection and of a 

fenestrated drape to cover the area may help to avoid skin 
contamination. Furthermore, voiding of radioactive urine 
between the early and delayed scintigraphy may also cause 
skin contamination. The hot spots due to skin contamination 
may be confused with SLNs, thus leading to an unnecessary 
intraoperative pursuit. In these cases skin decontamination is 
mandatory. Complementary SPECT/CT may also be helpful 
in detecting these artifacts. Another possible pitfall is acci-
dental injection into the corpus cavernosum, an occurrence 
that will cause no visualization of lymphatic flow. 
Furthermore, in some cases the injection site (penis) may 
obscure visualization of the more inferiorly located SLNs on 
anterior planar imaging.

15.2.11  Accuracy of Radioguided SLNB

Initially, the most significant drawback of SLNB for penile 
cancer was a relatively high false-negative rate (22%) [39]. 
After analysis of the false-negative cases, several modifica-
tions were made to decrease the false- negative rate [9]. 
Histopathologic analysis was expanded with serial sectioning 
of the SLNs. Furthermore, preoperative ultrasonography of 
cN0 groins with fine-needle aspiration cytology (FNAC) of 
suspicious lymph nodes was added, as well as exploration of 
groins in case of non-visualization during scintigraphy and 
intraoperative palpation of the wound to identify suspicious 
lymph nodes that failed to pick up any radiocolloid. Thanks to 
these modifications, the procedure has evolved into a reliable 
minimally invasive staging technique with an associated sen-
sitivity of 93–95% with low morbidity in experienced centers 
[9, 40]. At the same time the SLN procedure has also increased 
survival of penile cancer patients significantly [6, 41]. 
However, a recent multicenter meta-analysis reported pooled 
sensitivity rates of 88% [17, 42]. One explanation for such 
lower sensitivity may be represented by differences in proto-
cols (that is, screening with ultrasound and FNAC to detect 
lymph node metastases that fail to pick up radioactivity), low-
volume centers, and/or possibly different phases of the learn-
ing curve.

Key Learning Objectives Penile Cancer
• The SLN procedure in penile cancer has helped 

increase survival and prevents unnecessary 
lymphadenectomy in patients with a tumor- 
negative SLN.

• The SLN procedure in penile cancer can be per-
formed in a 1- or 2-day protocol.
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15.3  Prostate Cancer

In prostate cancer, lymph node staging is important for both 
prognosis and therapeutic management. The presence of 
lymph node metastases may lead to adjuvant treatment in 
case of prostatectomy, such as hormonal therapy with or 
without radiotherapy, or extension of the radiotherapeutic 
field [43]. To date, none of the available noninvasive diag-
nostic imaging modalities provide a reliable assessment of 
lymph node (micro)metastases. Positron-emission tomogra-
phy (PET) with prostate-specific membrane antigen (PSMA) 
labeled with 68Ga or 18F is an emerging imaging modality; 
however, the sensitivity for detection of lymph node metasta-
ses is still limited to 64% in the case of 68Ga-PSMA PET/
CT. Moreover, 68Ga-PSMA PET/CT has been found not to 
detect lymph node metastases smaller than 2 mm [44, 45]. 
Therefore, surgical staging by extended pelvic lymph node 
dissection (ePLND) is still the current standard of care. 
However, SLNB is emerging as an alternative staging 
method, with a lower incidence of complications and with 
the potential to identify relevant lymph nodes outside the 
standard ePLND field [46, 47].

15.3.1  The Clinical Problem

Current international guidelines recommend that a pelvic 
lymph node dissection (PLND) should be performed at the 
time of a radical prostatectomy (RP) in all men with interme-
diate- or high-risk prostate cancer, if the estimated risk of 
lymph node metastases exceeds 5% in the current EAU 
guidelines or 2% with NCCN guideline nomograms (grade 
recommendation: “B”). Despite this, 25–35% of the PC 
patients who are treated with curative intent with RP and 
extended PLND will develop clinically significant biochemi-
cal recurrence with local and/or distant disease. An extended 
dissection (ePLND) is preferred over limited PLND. However, 
even with an extended dissection template including external 
iliac, hypogastric, and obturator nodes, 35% of lymph nodes 
potentially containing PC will not be removed at surgery, 

either being located out of the standard surgical field or being 
missed within.

The advantages of SLN dissection are the possibility to 
identify tumor draining lymph nodes outside the field of an 
ePLND and lower the incidence of complications compared 
to ePLND [46]. However, accurate localization of SLNs in 
the pelvis can be challenging, especially when SLNs are 
located near the prostatic injection site (because of the high 
radioactive background signal), or in case of aberrantly 
located SLNs (e.g., para-aortic) [48].

15.3.2  Indications and Contraindications 
for SLNB

The probability of having lymph node metastasis from pros-
tate cancer increases with the serum level of prostate-specific 
antigen (PSA), biopsy grade (Gleason score), and clinical T 
stage. Like the indications for an ePLND, SLNB could be 
performed in all men with intermediate- and high-risk pros-
tate cancer, if the estimated risk of lymph node metastases 
exceeds 5% with EAU guidelines or 2% with NCCN guide-
line nomograms and PSMA PET/CT or any other conven-
tional imaging modality showed no evidence of lymph node 
metastases. However, according to the guidelines, due to 
lack of reliable evidence regarding oncological effective-
ness, SLNB is still an experimental nodal staging procedure. 
A tumor-bearing SLN may influence the boundaries of the 
radiotherapy field and duration of hormonal (androgen depri-
vation) therapy. Another possible indication is to select 
patients who are eligible for salvage treatment of the pros-
tate, as the usual parameters to stratify patients in risk groups 
do not apply to patients with intraprostatic recurrence [49]. 
Since salvage treatment of the prostate may result in serious 
complications, it is considered when the prostate is actually 
the only tumor- bearing site.

15.3.3  Radiocolloid and Modalities 
of Injection

Most of the experience in the SLN procedure for prostate 
cancer has been acquired in European countries and the most 
frequently used radiopharmaceutical has been 99mTc-nano-
colloid. Transrectal intraprostatic injection is guided by 
(transrectal) ultrasound, injecting the radiocolloid under 
continuous monitoring using a needle of 0.5  ×  150  mm 
(Fig.  15.4). Prostate cancer may be multifocal; therefore 
injections are performed in both lobes. An activity of about 
240 MBq in 0.4 mL is recommended. The lymph node visu-

• SLNB after primary tumor excision is also possible 
and can be performed in a similar fashion.

• Repeat SLNB for penile cancer recurrence is safe.
• SPECT/CT provides anatomical information giving 

specific landmarks for SLN localization during the 
surgical act.
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alization rate tends to be less optimal when lower activities 
are used. The particle concentration also appears to be 
important, and the use of a reduced labeling dilution volume 
(0.4 mL 99mTc per 0.2 mg nanocolloid) yields more visual-
ized SLNs with higher radioactivity count rates [50]. The 
radiocolloid is divided into 2–4 injections depending on the 
prostate volume. A three-way system is recommended, and 
after each depot saline is used for flushing the residual radio-
activity in the needle. When using ICG-99mTc- nanocolloid a 
similar injection scheme is applied with a volume of 2.0 mL 
and an activity of 300 MBq (Fig. 15.5).

15.3.4  Preoperative Imaging of SLNs

In the pelvis, lymphatic ducts are seldom visualized and the 
relatively slower deep lymphatic drainage renders dynamic 

lymphoscintigraphy less useful. Early planar images of 
lymphoscintigraphy acquired 15  min after radiocolloid 
administration can visualize the first draining lymph nodes 
in almost 88% of the cases [51]. Delayed imaging may be 
performed 2–4  h after injection. On delayed imaging the 
lymph node visualization rate increases to more than 95%. 
Comparing the early and delayed images enables to differ-
entiate second- echelon lymph nodes from the first draining 
nodes. This discrimination is based on the anatomical 
lymph node basins of the pelvis. As a rule, late-appearing 
lymph nodes located higher in the same basin are consid-
ered as second-echelon lymph nodes. Late-appearing 
lymph nodes in distal or more ventral and dorsal basins 
suggest direct draining from the prostate. These lymph 
nodes may also be considered as SLNs. If no SPECT/CT is 
available, lateral planar images can differentiate between 
dorsal and more ventral located SLNs.

Fig. 15.4 Preoperative SLN mapping in a 65-year-old patient with 
intermediate-risk prostate cancer. (a) Tracer administration guided by 
transrectal ultrasound guidance using a long needle and a three-way 
system. (b) The radioactive dose is divided into 2–4 injections. The 
procedure is monitored using a portable gamma camera to verify ade-
quate tracer retention within the prostate. (c) Early planar lymphoscin-
tigram showing two SLNs with direct drainage from the prostate 

(arrows). (d) The delayed lymphoscintigram enables differentiation of 
the SLNs and a higher echelon lymph node (arrow). (e) 3D volume-
rendered SPECT/CT image displaying the location of the SLNs in more 
detail. (f) Axial fused SPECT/CT image showing the SLN on the right 
side along the external iliac veins and the SLN on the left side (g) in the 
obturator fossa
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15.3.5  Lymphatic Drainage

The lymphatic drainage pathways of the prostate are highly 
variable in individual patients. Lymph node mapping stud-
ies [52, 53] using SPECT/CT, lymphoscintigraphy, SLN 
procedures, and lymph node dissections improved our 
understanding of lymphatic drainage. Main drainage path-
ways include the internal iliac nodes, obturator nodes, and 
external iliac nodes (Fig. 15.1). These regions are included 
in the extended pelvic lymph node dissection (ePLND). The 
borders of the internal iliac nodes are the bifurcation of the 
internal and external iliac arteries, pelvic floor, bladder wall, 
and medial to obturator nerve. The obturator region is found 
lateral to obturator nerve and medial to external iliac artery. 
The external iliac nodes are found cranial to inguinal liga-
ment, medial to genitofemoral nerve, medial to psoas mus-
cle, and caudal to ureter and bifurcation of internal and 
external iliac arteries. Less frequently, metastasis is found in 

the distal or proximal (divided by the ureteric crossing) 
common iliac artery nodes with the following borders: 
bifurcation of the aorta (cranial), bifurcation of the internal 
and external iliac nodes (caudal), internal iliac artery 
(medial), and genitofemoral nerve and psoas muscle (lat-
eral). The borders of the presacral regions are the common 
iliac arteries (cranial/lateral), bifurcation of the internal and 
external iliac arteries (caudal), and promontorium and prox-
imal sacrum (dorsal). These regions are included in the 
“super-extended PLND.” Other rare variants are discussed 
below.

15.3.6  Intraoperative Detection of SLNs

Initial validation of SLNB in prostate cancer is based on 
open surgery and use of a gamma ray detection probe to 
guide detection of the radioactive SLNs. Performing SLNB 

Fig. 15.5 (a) Early lymphoscintigraphy after transrectal intraprostatic 
injection of 99mTc-nanocolloid (170 MBq) in a 70-year-old male sched-
uled for SLNB resulted in visualization of bilateral lymphatic drainage 
with an early-appearing SLN along the great abdominal vessels (arrow). 
(b) Axial SPECT/CT image showing the exact location of this SLN 
next to the common iliac artery. (c) The 3D volume-rendered SPECT/
CT image providing an overview of all SLNs: the upper SLN next to the 
common iliac artery (upper arrow), two along the external iliac vessels 
on the left side, one along the external iliac artery on the right side, but 

also an additional SLN located more mediocaudally (lower arrow). (d) 
The axial image shows that this SLN is located paravesically. (e) All 
SLNs were harvested laparoscopically aided by a portable gamma cam-
era (arrow) and a laparoscopic gamma probe. (f) Intraoperative visual-
ization of a SLN (arrow) using a portable gamma camera allowing 
post-excision confirmation that the SLN has been removed completely. 
After excision (right on screen), no significant remaining activity is 
seen
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in a robot- assisted laparoscopic setting can be challenging 
because of the limited maneuverability of gamma ray 
detection probes. Especially SLNs that lie in close proxim-
ity to the injection site are easily missed, because the rela-
tively high background signal from the injection site 
hinders the localization of the low-intensity signal from the 
SLN. The introduction of several new technologies has 
made the incorporation of SLNB in robot-assisted surgery 
possible [54, 55]. The hybrid tracer ICG-99mTc-nanocolloid 
aids in the intraoperative detection of SLNs. However, 
14.3–19.6% of SLNs cannot be visualized due to the lim-
ited tissue penetration of the ICG fluorescent signal [55]. 
Those SLNs missed using fluorescence imaging can be 
localized using preoperatively obtained lymphoscintigra-
phy and SPECT/CT images and per-operatively with the 
use of a gamma ray detection probe [54]. Additionally, flu-
orescence imaging has been incorporated in robotic assisted 
surgery using a da Vinci Si system with an integrated Firefly 
fluorescence laparoscope [55]. During the procedure, the 
urologist can switch between white light imaging and fluo-
rescence imaging using the controllers of the console 
(Fig. 15.6).

In open surgery, the use of a portable gamma probe aids 
the detection of SLNs. Current portable gamma cameras are 
capable of detecting two different signals: the signal of 
99mTc-nanocolloid for SKLN visualization, plus the signal 
of a 125I seed pointer placed on the tip of the laparoscopic 
gamma ray detection probe [56]. During surgery the signal 
of 99mTC, which indicates the location of the SLN, and the 
signal of 125I seed pointer are both displayed on a screen. 
The signal of the 125I seed pointer is depicted as a yellow 
circle, guiding the surgeon spatially to the signal of the 
SLN. The 125I seed additionally aids in quantifying the 
amount of radioactivity in the nodes, thus allowing more 
reliable discrimination between SLNs and second-echelon 
nodes. After removal of all SLNs, the portable gamma cam-
era can show whether there are any remaining SLNs that 
have to be removed or a second-echelon node that can con-
fidently be left in place (see Fig. 15.6). This approach pro-
vides certainty about completeness of the surgical procedure. 
The excised lymph nodes are checked for radioactivity with 
the gamma probe ex vivo.

The use of a drop-in gamma probe in robot-assisted 
surgery has recently been investigated to overcome the 

Fig. 15.6 Following administration of the hybrid tracer ICG-99mTc- 
nanocolloid, volume-rendered SPECT/CT (a) is able to anatomically 
localize the SLNs in the pelvis. Based on this information, urological 
surgeons can remove the nodes by means of robot- assisted laparoscopy 
(b, c). Thanks to the fluorescence signature of the tracer the SLNs are 
localized (d) and subsequently removed and measured with a rigid 

laparoscopy gamma probe (e). Due to the dual signature of the tracer 
both fluorescence (top) and radioactivity (circle bottom) can succes-
sively be measured (f). The replacement of the standard rigid probe by 
a flexible drop-in gamma probe (g) will optimize the procedure in the 
future
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limited maneuverability of laparoscopic gamma ray 
detection probes (Fig. 15.6). The drop-in probe is inserted 
via a trocar and can be maneuvered with laparoscopic 
surgical tools [57]. This allows placing the drop-in 
gamma probe in between low- intensity objects (e.g., SN) 
and high-background objectives like the injection site 
(e.g., prostate), therewith being able to distinguish sig-
nals from low-intensity objects from high- background 
objectives with a relative intensity ratio of 1:100 [57]. 
The drop-in probe can remain in the abdominal cavity 
during the nodal resection and is picked up for placement 
with the ProGrasp® forceps whenever necessary. A feasi-
bility study showed that the wide scanning range of the 
drop-in probe allowed the surgeon to remove 35 SLNs in 
10 prostate cancer patients. In total, 45% of the SLNs 
identified with the drop-in probe were considered diffi-
cult to trace using the traditional laparoscopic gamma 
probe [58].

15.3.7  Contribution of SPECT/CT

Hybrid imaging with SPECT/CT enables anatomical local-
ization of SLNs. A 98–99% SLN visualization rate has 
been reported for SPECT/CT (versus 91% for planar imag-
ing) [52, 53, 59]. Moreover, in 56% of the cases SLNs are 
localized inside the area of ePLND [52, 53]; there is a con-
siderable number of SLNs in regions not routinely excised 
when performing an ePLND (see below: accuracy of 
radioguided SLNB) [47]. SPECT/CT is mostly performed 
after the delayed planar imaging, and must be interpreted 
in combination with lymphoscintigraphy. Sequential pla-
nar images are able to identify the lymph nodes draining 
directly from the tumor site, but give only limited informa-
tion about their anatomical location. With SPECT/CT it is 
possible to better localize SLNs both inside and outside 
the pelvis. In many cases early-appearing lymph nodes 
seen as a single hot spot on planar imaging are displayed 
as separate lymph nodes in different basins by SPECT/CT, 
and all of them must be considered as SLNs. In other cases, 
intense lymph node uptake seen on fused images may cor-
respond to a cluster of SLNs as depicted on the CT compo-
nent of the SPECT/CT acquisition. As such, SPECT/CT 
provides valuable information for the urologist, which 
may lead to a significant shortening of the operation time, 
as less extensive exploration might be required. 
Furthermore, SPECT/CT may also provide important 
information for planning radiotherapy, concerning espe-
cially treatment volume and optimization of irradiation 
fields in the pelvis.

15.3.8  Common and Rare Variants

In prostate cancer, lymphoscintigraphy and SPECT/CT may 
identify SLNs outside the ePLND in 16–44% of the cases 
[51–53]. These aberrantly located SLNs can be located in the 
following regions: common iliac (19%), para-aortic (10%), 
presacral (7%), aortic bifurcation (4%), pararectal (3%), 
paravesical (<1%), mesenteric fat (<1%), and inguinal (<1%) 
[52, 53].

15.3.9  Technical Pitfalls

The relatively complicated radiocolloid injection procedure 
for prostate cancer is probably the most frequent cause of 
pitfalls. One must be careful to avoid tracer leakage during 
injection, possibly resulting in subsequent contamination of 
the floor or of the ultrasound probe. It is therefore recom-
mended to check for contamination of the room after injec-
tion using a Geiger counter.

During injection, incorrect needle placement may result 
in passage of the radiocolloid directly to the bladder or 
bloodstream, which in turn may cause non-visualization dur-
ing scintigraphy. By monitoring the injection procedure with 
a portable gamma camera, one can ensure adequate radiocol-
loid retention in the prostate. As the injection is performed 
transrectally, a possible pitfall is visualization of lymphatic 
drainage from the rectum, leading to, e.g., visualization of 
inguinal lymph nodes on SPECT/CT imaging (Fig.  15.7). 
Furthermore, accidental funicular administration can also 
occur, possibly leading to retrograde drainage toward the 
scrotum (Fig. 15.8).

15.3.10  Accuracy of Radioguided SLNB

Original validation of SLNB for prostate cancer was based 
on open surgery and on the use of a gamma probe to guide 
detection of the radioactive SLNs. Out of more than 2000 
patients evaluated, only 11 false-negative cases (5.5%) were 
reported [60]. More recently, SLNB has been validated using 
a laparoscopic gamma probe during minimally invasive sur-
gery [61].

The combined diagnostic accuracy of open, laparoscopic, 
and robot-assisted SLNB with ePLND as reference standard 
has been described in a recent systematic review including 
2509 patients and showed a 95.2% (81.8–100%) sensitivity, 
100% (95.0–100%) specificity, 100% (IQR 87.0–100%) 
positive predictive value, and 98% (94.3–100%) negative 
predictive value. In 4.8% (0–18.2%) of cases a metastasis 
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was found in the SLN outside the ePLND template without 
metastasis inside the ePLND template (false positive), sug-
gesting diagnostic advantage and a higher yield of tumor-
positive nodes when combining the procedures [47].

Fig. 15.7 (a) Planar lymphoscintigraphy after intraprostatic injection 
of 180 MBq 99mTc-nanocolloid in a 60-year-old patient showing bilat-
eral drainage with a single hot spot on both sides, but also with drainage 
on the right side in caudal direction (arrow). (b) 3D volume-rendered 
SPECT/CT image showing that the caudal drainage on the right side is 

directed toward the right testicle (arrow). (c, d) Axial images showing 
elongated drainage along the funiculus (arrow). The drainage toward 
the testicle thus reflects retrograde drainage after accidental funicular 
administration, one of the possible pitfalls of this procedure

Key Learning Points: Prostate Cancer
• Indications for SLN procedure of the prostate are to 

determine lymph node metastasis in patients with 
intermediate- and high-risk prostate cancer eligible 
for radiotherapy with hormonal therapy or patients 
with prostate cancer eligible for salvage treatment 
of the prostate.

• With the (new) hybrid tracer ICG-99mTc- nanocolloid 
it is possible to perform preoperative imaging with 
lymphoscintigraphy and SPECT/CT as well as 
intraoperative imaging with a fluorescence camera 
and a gamma ray detection probe.

• SLN mapping enables the identification of 
lymph node metastasis outside the template of 
extended pelvic lymph node dissection.

• The introduction of drop-in gamma probes may help 
to overcome the limited maneuverability of rigid 
laparoscopic gamma probes with advantages espe-
cially for robot-assisted SLNB during laparoscopy.

H. M. de Vries et al.



343

15.4  Testicular Cancer

Testicular germ cell tumor (TGCT) is the most frequent solid 
malignancy in young men and affects up to 10 in 10,000 men 
[62, 63]. Depending on the histologic subtype (seminoma or 
nonseminomatous germ cell tumor), the peak incidence is 
between 25 and 35 years old [62]. Incidence rates are rising and 
increases as high as 4.9% per year have been reported [64]. The 
prognosis is favorable and cancer-specific survival rates up to 
100% have been reported [65–67]. The majority of patients 
have clinical stage I disease at first presentation [68]. The opti-
mal management of these patients remains controversial. A 
surveillance policy requires intensive, frequent follow-up visits 
with costly examinations and defers detection and treatment of 
lymph node metastases to a later stage. Up to 30% of patients 
with clinical stage I disease will relapse under surveillance and 

have to be treated with multiple cycles of toxic chemotherapy. 
Therefore, there is a need for diagnostic techniques that enable 
the identification and treatment of patients with occult lymph 
node metastasis at an earlier stage. In this respect, the SLN 
procedure is of potential high value [69–71].

15.4.1  The Clinical Problem

Approximately two-thirds of patients present with clinical stage I 
[68]. The predominant management strategy for these patients is 
inguinal orchiectomy followed by active surveillance for 5 years 
[72]. However, 20–30% of patients with clinical stage I will 
relapse under surveillance [73, 74]. These patients had occult 
metastatic disease in their lymph nodes at the time of first presen-
tation, undetectable by current imaging protocols or biomarkers.

Fig. 15.8 A similar situation arose after transrectal intraprostatic injec-
tion (211  MBq) of hybrid radioactive and fluorescent ICG-99mTc- 
nanocolloid in a 59-year-old male with intermediate-risk prostate 
cancer. (a) Delayed planar lymphoscintigram showing retrograde drain-
age toward the scrotum on the right side due to partial funicular tracer 
administration as well as drainage to SLNs on both sides (obturator 
fossa); and a SLN located more caudally on the left side (arrow). (b, c) 
The 3D volume-rendered and axial SPECT/CT images reveal that the 

most caudal SLN on the left side reflects aberrant drainage ventrally 
against the abdominal wall (arrow). The SLNs were harvested during 
robot-assisted laparoscopy guided by a laparoscopic gamma probe and 
fluorescence endoscope. (d) Fluorescence endoscope image showing 
the SLN against the abdominal wall along the umbilical ligament 
(green). This SLN (and an iliac SLN on the right side) contained metas-
tases at histopathology
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Patients who suffer from relapse are treated with multiple 
cycles of platinum-based chemotherapy. These regimens 
cause serious short- and long-term side effects [75]. For 
example, the risk of cardiovascular disease or a second 
malignancy is ~2 times higher after chemotherapy [76]. As a 
consequence, the relative survival of these patients continues 
to decline even beyond 30 years of follow-up [77]. For inter-
mediate/poor-risk patients, the treatment-related mortality is 
even higher than the disease-related mortality.

To overcome the high relapse rate, several risk-adapted 
strategies have been introduced [78–80]. Risk stratification is 
based on the outcome of the orchiectomy specimen and high-
risk patients receive one cycle of chemotherapy. Approximately 
52–68.5% of high-risk patients, however, do not relapse if fol-
lowed with active surveillance [78, 79, 81]. Thus, treating all 
high-risk patients with chemotherapy would lead to serious 
overtreatment. Conversely, 12–14% of low-risk patients will 
relapse [78, 79, 81]. These patients would have benefitted 
from adjuvant treatment, but did not receive it.

Thus, the high relapse rate in clinical stage I testicular 
cancer, the high rate of over- and undertreatment, and the 
serious morbidity associated with the toxic treatment of 
relapsed patients urge for a better and earlier identification 
of patients with occult metastatic disease. The SLN proce-
dure could lead to less intensive follow-up protocols for 
node-negative patients and reduction of systemic treatment. 
In one study with a median follow-up of more than 5 years, 
none of the patients with a negative SLN suffered from 
relapse [69].

15.4.2  Indications and Contraindications 
for SLNB

SLN visualization is feasible in patients with clinical stage I 
disease [69, 70, 82, 83]. Clinical stage I is defined by the 
absence of enlarged (>1 cm) lymph nodes on abdomino-tho-
racic computed tomography (CT) scan plus normal or nor-
malizing serum values of alpha-fetoprotein (AFP), human 
chorionic gonadotropin (HCG), and lactate dehydrogenase 
(LDH).

15.4.3  Radiocolloid and Modalities 
of Injection

The route of administration of 99mTc-nanocolloid has been 
evaluated in multiple feasibility studies. While funicular 
administration showed only lymph node uptake in the ingui-
nal region (which does not reflect the actual testicular tumor 
drainage pattern), intratesticular administration resulted in 
visualization of retroperitoneal SLNs, in accordance with 
known drainage patterns. No side effects were observed using 
the latter method, which proved to be easy to perform and 

was well tolerated under local anesthesia (funicular block 
with lidocaine 2%). Generally, a single aliquot of radioactiv-
ity (approximately 100 MBq) in a volume of 0.1–0.2 mL is 
injected with a fine needle into the testicular parenchyma.

15.4.4  Preoperative Imaging of SLNs

The fast lymphatic drainage from the testicle requires dynamic 
gamma camera acquisition to facilitate differentiation between 
first- and second-echelon lymph nodes in the retroperitoneum. 
Immediately following radiocolloid injection, anterior and lat-
eral dynamic images are obtained with a dual-head gamma 
camera to visualize the lymphatic flow and early-draining 
lymph nodes. Static planar images are obtained immediately 
after the dynamic study. Two hours after tracer injection, addi-
tional static images are obtained to identify slower draining 
SLNs and unexpected drainage patterns.

15.4.5  Lymphatic Drainage

Left-sided testicular tumors primarily drain to the para-aortic 
retroperitoneal region [84]. Right-sided tumors show a less 
uniform pattern of dissemination and drain to the paracaval, 
precaval, and interaortocaval region [84, 85].

15.4.6  Intraoperative Detection of SLNs

SLNB in testicular cancer was introduced in a laparoscopic 
setting, and can also be performed robot assisted. 
Intraoperative SLN localization is guided by a laparoscopic 
gamma probe or a portable gamma camera [69, 71].

15.4.7  Contribution of SPECT/CT

In the initial feasibility study, preoperative lymphatic mapping 
was performed using planar lymphoscintigraphy only [70]. 
However, this technique can provide two-dimensional infor-
mation only, and exact preoperative anatomical SLN localiza-
tion is not possible. SPECT/CT provides not only useful 
anatomic information about the location of SLNs but its 
improved sensitivity and the added third dimension may also 
lead to the detection of additional SLNs (Fig. 15.8). Sequential 
planar imaging will remain important for the preoperative 
identification of early-appearing lymph nodes as SLNs.

15.4.8  Intraoperative Imaging

Since the lymphatic drainage of the testes is directed to ret-
roperitoneal areas deeply within the abdomen that can often 
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be complex, preoperative anatomical information about the 
location of the SLNs is important for planning the surgical 
procedure. For this reason, the SPECT/CT images should be 
displayed in the operating room. Urological surgery has 
shifted from the open approach toward minimally invasive 
laparoscopic and robot-assisted techniques. During laparo-
scopic surgery, the urologist localizes a SLN under guidance 
by the sound pitch from the laparoscopic gamma probe. 
However, intraoperative spatial orientation using this device 
can be difficult, as a laparoscopic probe does not provide 
visual information. The use of a portable gamma camera 
helps to intraoperatively guide laparoscopic SLN localiza-
tion as described above (see section Intraoperative detection 
of SLNs: prostate cancer). This approach provides certainty 
about completeness of the surgical procedure and comple-
ments the laparoscopic probe. Currently, intraoperative navi-
gation approaches that are based on the preoperative (SPECT/
CT) images are being developed [86].

15.4.9  Common and Rare Variants

Although drainage from the testes is usually directed to 
paracaval, interaortocaval, and para-aortic SLNs, in some 

patients SLNs may also be seen along the testicular vessels 
(Fig. 15.9) [71].

15.4.10  Technical Pitfalls

The route of administration of 99mTc-nanocolloid may cause pit-
falls. For instance, funicular administration may result in lymph 
node uptake in the inguinal region, which does not reflect tes-
ticular tumor drainage. Intratesticular administration in the 
parenchyma results in retroperitoneal SLN visualization, in 
accordance with known drainage patterns (Fig. 15.10).

15.4.11  Accuracy of Radioguided SLNB

To date, no studies have been published other than the 
aforementioned feasibility studies limited by small size of 
the study populations (~25 patients per study). Although 
refinement of the SLN procedure may enable better selec-
tion of patients who would benefit from adjuvant treatment 
after orchidectomy, further studies are required to substan-
tiate the clinical value of the SLNs procedure in this 
disease.

Fig. 15.9 A 42-year-old male with a seminoma in the right testicle was 
injected with 99mTc-nanocolloid (87.32 MBq) followed by SLN map-
ping. (a) Early planar anterior image showing drainage to two abdomi-
nal SLNs (arrows) and radioactivity along the lymphatic channel, 
which decreased in time, indicating lymphatic tract visualization. (b) 
Sagittal SPECT/CT image fusion showing the injection site and both 

SLNs along the great abdominal vessels. (c, d) The coronal SPECT/CT 
image fusion and 3D volume- rendered image reveal that both SLNs are 
located interaortocavally (arrows). (e, f) Axial SPECT/CT images pro-
viding additional anatomical information about the location of both 
SLNs (dotted circles). Both SLNs were harvested laparoscopically and 
were tumor free at histopathology
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Fig. 15.10 Intratesticular injection of hybrid ICG-99mTc-nanocolloid 
(67.7 MBq) in a 52-year-old male with a seminoma in his left testicle 
followed by lymphoscintigraphy and SPECT/CT. (a) Early planar ante-
rior image showing drainage from the left testicle toward an abdominal 
SLN (arrow). (b) The delayed lymphoscintigram reveals an additional 
SLN just below the SLN which was visualized on the early image 
(upper arrows), a second-echelon node to the right, and an additional 
hot spot located more caudally (lower arrow) which was therefore also 
defined as SLN. (c) Fused SPECT/CT image displayed with 3D volume 

rendering showing the cranial two SLNs alongside the aorta, the inter-
aortocaval second-echelon node, and the more caudal SLN (arrow) next 
to the funiculus. (d) Axial fused SPECT/CT image depicting the caudal 
SLN along the external iliac vessels next to the funiculus. All SLNs 
were excised during laparoscopy guided by a laparoscopic gamma 
probe and fluorescence endoscope. (e) Ex vivo fluorescence image of a 
para-aortal SLN revealing the location of the node within the excised 
tissue specimen

Key Learning Points: Testicular Cancer
• Occult metastatic disease is common in clinical 

stage I testicular cancer and has serious implica-
tions for these relatively young patients.

• Lymphatic mapping using lymphoscintigraphy and 
SPECT/CT is essential to localize SLNs, by provid-
ing specific anatomical landmarks for subsequent 
surgical resection.

• The SLN procedure could lead to less intensive 
follow-up protocols and reduction of systemic 
treatment.

• Larger, prospective studies are necessary to evalu-
ate the role of the SLN procedure in testicular 
cancer.
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 Clinical Cases

Case 15.1: SLN Mapping in Penile Cancer with Bilateral 
Drainage to Both Groins

Renato  A.  Valdés  Olmos, Henk  G.  van der Poel, and 
Oscar R. Brouwer

Background Clinical Case
A 78-year-old man with penile carcinoma was referred for 

SLNB. During staging of both groins no lymph node abnor-
malities had been detected on physical examination and ultra-
sonography (clinical stage T1N0).

Planar Lymphoscintigraphy and SPECT/CT Imaging
In the afternoon before surgery a total of 110  MBq 

ICG- 99mTc- nanocolloid was administered in three intrader-
mal injections proximal to the primary tumor into the 
glans. Immediately after tracer administration, a dynamic 
study was acquired during 10  min with the patient in 
supine position using a dual-head gamma camera (Symbia 
T, Siemens, Erlangen, Germany) equipped with low-
energy high- resolution collimators. Subsequently, 5-min 
planar static images were acquired at 15  min and 2  h 
postinjection. In addition, SPECT/CT imaging was 
acquired after the 2-h delayed planar imaging using the 
same gamma camera.

Fig. 15.11 Anterior early (on the left) and delayed (on the right) planar 
images, displayed in superposition to anatomical models, showing 
bilateral drainage to both groins. Inguinal SLNs in the left groin become 
clear only on delayed images. On SPECT/CT (bottom) radioactive 

SLNs in both groins are located above the saphenofemoral junction cor-
responding on low-dose CT to normal- size lymph nodes in the so-called 
upper inguinal zones of Daseler (circles)
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Case 15.2: SLN Mapping in Recurrent Penile 
Carcinoma with Drainage to Iliac and Inguinal Lymph 
Nodes

Renato  A.  Valdés  Olmos, Henk  G.  van der Poel, and 
Oscar R. Brouwer

Background Clinical Case
A 57-year-old man with a squamous-cell penile carci-

noma recurrence was referred for SLNB. The patient had 
undergone partial penis amputation 13 years earlier because 
of a primary penile carcinoma (cT2N0) with subsequent 
lymph node dissection of the right groin due to SLN metas-
tases (pT2N1). The SLN of the left groin at that time was 
free of tumor and no further surgical intervention had been 
performed. Following confirmation of the recurrence, no 

lymph node abnormalities had been detected on palpation 
and ultrasonography.

Planar Lymphoscintigraphy and SPECT/CT Imaging
In the afternoon before surgery a total of 100  MBq 

ICG- 99mTc- nanocolloid was administered in three intrader-
mal injections around the tumor recurrence following 
preparation with xylocaine 10% spray for local anesthesia. 
Immediately after tracer administration, a dynamic study 
was acquired during 10  min with the patient in supine 
position using a dual-head gamma camera (Symbia T, 
Siemens, Erlangen, Germany) equipped with low-energy 
high- resolution collimators. Subsequently, 5-min planar 
static images were acquired at 15 min and 2 h postinjec-
tion. In addition, SPECT/CT imaging was acquired after 
acquiring the delayed planar images using the same gamma 
camera.

Fig. 15.12 Anterior static planar images displayed in superposition to 
anatomical models (upper row). Bilateral tracer migration to lymph 
nodes is only seen on delayed image (on the right) with a radioactive 
left lymph node near the penile injection site and a higher located node 

with a visible lymphatic duct in the right side. Note on SPECT/CT 
imaging (lower row) that the SLN in the right side is located in the 
vicinity of the external iliac artery (circles), whereas the SLN in the left 
side is located in the groin
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Case 15.3: SLN Mapping in Prostate Carcinoma with 
Bilateral Drainage to Pelvic Lymph Nodes

Renato  A.  Valdés  Olmos, Henk  G.  van der Poel, and 
Oscar R. Brouwer

Background Clinical Case
A 70-year-old man with confirmed carcinoma in the 

right lobe of the prostate on histopathology and Gleason 
7 was referred for a SLN procedure with robot- assisted 
surgery. No lymph node abnormalities had been  
detected on radiological examination (clinical stage 
T2N0).

Planar Lymphoscintigraphy and SPECT/CT Imaging
The patient was planned for a 1-day SLN procedure. Early in 

the morning a total of 125  MBq ICG-99mTc- nanocolloid was 
administered in both lobes of the prostate by means of four injec-
tions guided by transrectal ultrasonography. Immediately after 
tracer administration, the patient was transferred to the depart-
ment of nuclear medicine and a static image was acquired during 
5 min with the patient in supine position using a dual-head gamma 
camera (Symbia T, Siemens, Erlangen, Germany) equipped with 
low-energy high-resolution collimators. Subsequently, delayed 
static images were acquired at 2  h postinjection. In addition, 
SPECT/CT imaging was acquired after acquiring the delayed pla-
nar images using the same gamma camera.

Fig. 15.13 Static planar images (upper row) are displayed in superpo-
sition to anatomical models. On early anterior (first frame) and right 
lateral (second frame) views bilateral lymph node uptake is seen princi-
pally on the left side of the pelvis. Volume-rendering and cross- sectional 

SPECT/CT images (lower row) show four SLNs along the left internal 
and common iliac arteries, whereas on the right side of the pelvis the 
SLN is located medially from the right common iliac vessels
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Case 15.4: SLN Mapping in Prostate Carcinoma  
with Unilateral Drainage to a Pelvic  
Lymph Node

Renato  A.  Valdés  Olmos, Henk  G.  van der Poel, and 
Oscar R. Brouwer

Background Clinical Case
A 70-year-old man with confirmed carcinoma in both 

lobes of the prostate on histopathology was referred for a 
SLN procedure with robot-assisted surgery. No lymph node 
abnormalities had been detected on radiological examination 
(clinical stage T2N0).

Planar Lymphoscintigraphy and SPECT/CT Imaging
Since a 1-day SLN procedure had been planned, the 

patient received in the morning a total of 115  MBq ICG-
99mTc-nanocolloid by means of four injections in both lobes 
of the prostate guided by transrectal ultrasonography. 
Immediately after tracer administration, the patient was 
moved to the department of nuclear medicine and static 
5-min images were acquired at 15 min and 2 h postinjection 
with the patient in supine position using a dual- head gamma 
camera (Symbia T, Siemens, Erlangen, Germany) equipped 
with low-energy high-resolution collimators. Subsequently 
to delayed static images, SPECT/CT imaging was acquired 
using the same gamma camera.

Fig. 15.14 Both early and delayed planar images (upper row), dis-
played in superposition to anatomical models, show migration of the 
tracer to the right side of the pelvis. Volume-rendering and cross- 

sectional SPECT/CT images (lower row) show one single SLN located 
laterally from the right common iliac vessels. The corresponding lymph 
node on low-dose CT (circle) is not enlarged
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Case 15.5: SLN Mapping in Prostate  
Carcinoma with Drainage to Presacral and  
Mesorectal Lymph Nodes

Renato  A.  Valdés  Olmos, Henk  G.  van der Poel, and 
Oscar R. Brouwer

Background Clinical Case
A 67-year-old man with carcinoma in both lobes of the 

prostate was referred for SLN procedure with robot-assisted 
surgery. No lymph node abnormalities had been detected on 
radiological examination (clinical stage T2N0).

Planar Lymphoscintigraphy and SPECT/CT Imaging
The procedure was based on a 1-day SLN procedure. Early 

in the morning the patient received a total of 120 MBq ICG-
99mTc-nanocolloid by means of four injections in both lobes of 
the prostate guided by transrectal  ultrasonography. Immediately 
after tracer administration, the patient was moved to the depart-
ment of nuclear medicine and static 5-min images were acquired 
at 15 min and 2 h postinjection with the patient in supine posi-
tion using a dual- head gamma camera (Symbia T, Siemens, 
Erlangen, Germany) equipped with low-energy high-resolution 
collimators. Subsequently to delayed static imaging, SPECT/
CT imaging was acquired using the same gamma camera.

Fig. 15.15 Both early and delayed planar images (first two images in 
upper row), displayed in superposition to anatomical models, show 
delayed migration of the tracer to both sides of the pelvis. On volume- 
rendering SPECT/CT (last frame in upper row) the drainage becomes 

clearer, with visualization of three SLNs. Cross- sectional SPECT/CT 
images (lower row) show presacral and mesorectal SLNs. These radio-
active nodes correspond to normal-size lymph nodes on low-dose CT 
(circles)
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Case 15.6: SLN Mapping in Left Testicular Cancer with 
Unilateral Drainage to Para- aortic, Funicular, Iliac, and 
Inguinal Lymph Nodes

Renato  A.  Valdés  Olmos, Henk  G.  van der Poel, and 
Oscar R. Brouwer

Background Clinical Case
A 35-year-old man with left testicle cancer was 

referred for SLN procedure. No lymph node abnormali-
ties had been detected on radiological examination (clini-
cal stage I).

Planar Lymphoscintigraphy and SPECT/CT Imaging
The day before surgery the patient received a total of 

100 MBq ICG-99mTc-nanocolloid by means of a single injec-
tion in the left testicle in the proximity of the primary tumor 
following funicular block with 2% lidocaine. Immediately 
after tracer administration, a dynamic study was started during 
10  min. Subsequently, static 5-min images were acquired at 
15 min and 2 h postinjection with the patient in supine position 
using a dual-head gamma camera (Symbia T, Siemens, 
Erlangen, Germany) equipped with low-energy high-resolution 
collimators. Subsequently to delayed static images, SPECT/
CT imaging was acquired using the same gamma camera.

Fig. 15.16 Anterior planar images (first two images in upper row) are 
displayed in superposition to anatomical figures. Early static image (on 
the left) shows migration of the tracer from the left testicle through a 
long lymphatic vessel whereas delayed lymph node uptake is observed 
(second image) at various levels of pelvis and abdomen. On volume- 

rendering SPECT/CT (lower row) superficial (left image) and deep 
(second image) are displayed. Cross-sectional SPECT/CT images 
(right column) show inguinal and external iliac (top) as well as obtura-
tor and funicular SLNs (middle images) whereas the most cranial 
located lymph node is para-aortic (bottom)
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Case 15.7: SLN Mapping in Right Testicular Cancer 
with Unilateral Drainage to Lymph Nodes Along the 
Vena Cava Inferior

Renato  A.  Valdés  Olmos, Henk  G.  van der Poel, and 
Oscar R. Brouwer

Background Clinical Case
A 46-year-old man with right testicular cancer was referred 

for SLN procedure. No lymph node abnormalities had been 
detected on radiological examination (clinical stage I).

Planar Lymphoscintigraphy and SPECT/CT Imaging
The day before surgery the patient received a total of 

90 MBq 99mTc-nanocolloid by means of a single injection in 
the right testicle in the vicinity of the primary tumor following 
funicular block with 2% lidocaine. Immediately after tracer 
administration a dynamic study was started during 10  min. 
Subsequently, static 5-min images were acquired at 15  min 
and 2 h postinjection with the patient in supine position using 
a dual-head gamma camera (Symbia T, Siemens, Erlangen, 
Germany) equipped with low-energy high- resolution collima-
tors. Subsequently to delayed static images, SPECT/CT imag-
ing was acquired using the same gamma camera.

Fig. 15.17 Anterior planar images (upper row) are displayed in superposi-
tion to anatomical models. Early static image (on the left) shows migration 
of the tracer from the right testicle through a long lymphatic vessel with 
uptake in two lymph nodes. Delayed planar image (on the right) shows 

increasing uptake in the first draining lymph nodes and in a second echelon 
more medially located. On SPECT/CT imaging (lower row) both SLNs are 
seen laterally from the vena cava inferior
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Learning Objectives
• To acquire basic knowledge about the role of 

nuclear medicine imaging in the sentinel lymph 
node (SLN) procedure in renal or bladder cancer

• To know when sentinel lymph node biopsy (SLNB) 
is indicated in patients with renal or bladder cancer

• To learn the status of investigations to validate clini-
cal indication of SLNB in patients with renal or 
bladder cancer

• To understand the variability in lymphatic drainage 
in the pelvis and the need to use preoperative lym-
phatic mapping to assess the different individual 
patterns

• To know the role of lymphoscintigraphy and 
SPECT/CT to identify and localize SLNs in 
patients with renal or bladder cancer

• To understand the importance of SPECT/CT  
to identify and localize SLNs in the anatomical 
areas of retroperitoneum and pelvis
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16.1  Introduction

Renal cell cancer (RCC) is the tenth most common malig-
nancy in Europe and the United States. In 2018, estimated 
136,500 new cases were diagnosed in the European Union 
and an estimated 54,700 people died from the disease [1]. 
However, RCC accounts for only 3–5% of cancers and is 
therefore relatively uncommon when compared to breast, 
bowel and lung cancers [2]. Histologically, several subtypes 
can be identified, of which clear-cell carcinoma is predomi-
nant representing up to 70–80% of the cases [3].

The management of early-stage RCC has traditionally 
been surgical, and nephrectomy and/or nephron-sparing 
strategies are often curative at this stage of the disease [4]. 
Even when patients present with metastases, nephrectomy 
and metastasectomy may be beneficial in selected cases [5, 
6]. In this regard, the widespread use of ultrasound examina-
tion of the abdomen has led to renal tumours being diag-
nosed when they are of smaller size [7]. Stage shift may 
result in an increasing number of patients with early lymph 
node (LN) metastases only, who, in contrast to historical 
data, may benefit from removal of these lesions. In addition, 
the introduction of targeted therapy agents has revived inter-
est in adjuvant treatment concepts [8]. Accurate LN staging 
is warranted to determine the risk of recurrence or 
progression.

Bladder cancer is more common than RCC and is related 
to carcinogens in the environment and/or lifestyle habits 
(such as tobacco smoking) [9]. The most prominent subtype 
is transitional cell carcinoma, representing about 90% of the 
cases. In the United States, bladder cancer is the fourth most 
common type of cancer in men and the ninth most common 
cancer in women [10]. Estimated number of bladder cancers 
in Europe in 2018 is 197,100 and mortality 65,000 [1]. 
Approximately 50% of bladder cancer incidence is related to 
cigarette smoking. In addition, further occupational hazards 
play a role.

Lymph node metastases are common in patients with 
bladder cancer and the risk of LN involvement is highly 
associated with the depth of invasion of the primary tumour 
[11]. Presence of LN metastases, their number and the vol-

ume of involved nodes are strongly associated with survival 
[12]. Five-year survival rates up to 57% have been observed 
in patients with pathologically confirmed but occult N1 dis-
ease on imaging prior to surgery. The 5-year survival drops 
down to 0–27% for patients with N2-N3 disease. In the 
majority of patients with muscle invasive bladder cancer, 
local treatment fails due to occult systemic disease, but 
extensive pelvic lymph node dissection (PLND) confers a 
survival benefit [11]. In addition to extensive PLND, sur-
vival can be increased by using systemic chemotherapy, 
either in the neoadjuvant or in the adjuvant setting [13]. As 
for renal cancer, improving detection and successful removal 
of early lymph node metastasis may lead to a survival 
benefit.

16.2  The Clinical Problem

Generally, the clinical problem in renal and bladder cancer is 
a consequence of the fact that LN metastases may occur out-
side known and expected lymphatic basins.

Specifically for RCC, the role of lymph node dissection 
(LND) remains controversial despite a randomized study 
with a median follow-up of 12.6 years [14]. This may be due 
to the unpredictability of lymphatic drainage of RCC, which 
undergoes mainly haematogenous spread. A potential reason 
for the lack of evidence supporting locoregional retroperito-
neal LND and the low detection of LN metastases in 
CT-negative locoregional nodes may simply be the fact that 
lymphatic landing sites of RCC are located outside the 
expected LND templates in a relevant fraction of the cases. 
In addition, in the majority of patients with RCC, LN involve-
ment is associated with haematogenous metastases [15], and 
is a significant indicator of systemic disease and adverse 
prognosis [16]. The likelihood of identifying LN metastasis 
only seems to be low, given the high proportion of concur-
rent systemic disease.

However, there is evidence that patients with very early 
LN metastases and no distant disease can potentially be 
cured by LND [17, 18]. The true incidence of LN-only 
involvement is unknown, but seems to correlate with tumour 
size. In retrospective nephrectomy and autopsy studies, 
microscopic LN metastases were mainly observed in smaller 
tumours [18–20]. On autopsy, patients with renal tumours 
<3 cm revealed LN metastases in 3.5%, which increased to 
21% in tumours 4–5 cm in size [21]. In nephrectomy series, 
this was 2.5% and 4% for tumours ≤4 cm [22, 23]. Therefore, 
the predominant clinical problem in early-stage RCC is the 
detection and subsequent removal of early metastatic dis-
ease. In addition, detection of occult LN metastases is impor-
tant to assess the prognosis of the patients, which may gain 
more significance if ongoing trials with adjuvant immune 
checkpoint inhibitors yield positive results.

• To preoperatively identify SLNs and to learn how 
this information can be transferred to urology sur-
geons for the intraoperative procedure

• To understand that the SLN procedure does not yet 
constitute the standard of care in patients with kid-
ney or bladder cancer, but is rather the object of 
ongoing validation clinical trials

A. Bex et al.
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In bladder cancer, the value of PLND is undisputed for 
muscle invasive bladder cancer. Dhar et  al. reported a LN 
metastasis rate of 13% versus 26% for limited versus 
extended pelvic lymph node dissection [24]. These results as 
well as anatomical and functional studies underline the need 
for elective PLND at radical cystectomy to accurately stage 
these cases. The total number of resected lymph nodes is 
generally regarded as an indicator of surgical quality [25]. 
Other lymph node parameters have been introduced as prog-
nostic factors, such as the total number of tumour-positive 
LNs and lymph node density, that is, the number of tumour- 
positive LNs divided by the total number of resected LNs 
[26]. Although these parameters are widely accepted in clini-
cal practice, they depend on pathologist’s evaluation. It was 
recently demonstrated that, despite equal anatomical clear-
ance by the same experienced surgeons, a statistically sig-
nificant difference between two pathology departments was 
found, where the number of LNs was evaluated after extended 
bilateral PLND for bladder cancer [27]. With the currently 
poorly standardized methods, the number of reported LNs as 
an indicator of surgical quality and lymph node density as a 
prognostic factor are probably not reliable.

16.3  Lymphatic Drainage and Nodal 
Groups in Renal Cancer

The lymphatic drainage pattern in RCC has not been accu-
rately ascertained till 2018, when a lymphatic drainage study 
with SLN mapping and SPECT/CT imaging was published. 
The drainage differs from the anatomical studies performed 
in non-tumour-bearing kidneys, possibly because of multiple 
lymphatic tumour-draining vessels [28]. Lymphatic drainage 
from renal tumours may be outside the proposed retroperito-
neal templates.

A general notion is that the draining LNs are in the hilar 
region, branching off into the paracaval, interaortocaval, or 
para-aortal retroperitoneal LNs, depending on the tumour 
side. The lymphatic drainage of renal tumours may however 
not always follow the known pattern, as has frequently been 
found for other tumour entities. As back as 1935, Parker 
found extreme variations of lymphatic drainage between 
individuals by injecting blue dye at high pressure into nor-
mal cadaveric kidneys [29].

Lymphatic mapping, including planar lymphoscintigra-
phy and SPECT/CT imaging, of kidney tumours has been 
described in two pilot studies, and in a phase II study with 
40 patients [30–32]. The more recent study showed that 
35% of lymphatic drainage is outside the suggested lymph 
node dissection templates, and that 20% of lymph flow 
drains directly to the thoracic area [32] (Fig.  16.1). 
However, most of the drainage from the right side was to 
interaortocaval, retrocaval areas, although there was simul-
taneous drainage into left preaortic or para-aortic and left 
supraclavicular lymph nodes. Only three patients with 
right-sided tumours had SLNs in the right paracaval and 
renal hilar region, and none had drainage to precaval LNs 
[32]. The main lymph drainage for left-side tumours was to 
para-aortal LNs with simultaneous drainage to hilar, medi-
astinal, left supraclavicular, retrocrural, left common iliac, 
renal fossa and interaortocaval SLNs [32]. The other impor-
tant issue to distinguish the distribution of lymphatic drain-
age and first landing sites is the location of single LN 
metastases. The drainage patterns were previously assessed 
by considering lymphatic metastasis in lymphadenectomy 
(LND) specimens, or at autopsy. In nephrectomy series, 
metastases are generally detected in “regional” lymphade-
nectomies, and often the extent of LND is poorly defined. 
The accuracy of detecting LN metastases increases with the 
number of sampled LNs, irrespective of the extent of LND 
[33].

In an autopsy study involving 1828 cases of RCC, a broad 
variation of the localization of LN metastases was observed 
[34]. Since most patients had multiple lymphatic metastases, 
it could not be concluded which LN was involved first. 
Interestingly, ipsilateral renal hilar LN metastases were 
found in only 7% of the cases, while pulmonary hilar LN 
metastases were found in 66.2%, retroperitoneal in 36%, 
para-aortal in 26.8% and supraclavicular in 20.7% of the 
patients [34]. Single, isolated LN metastases have been 
described by Hulten et  al. in a supraclavicular LN in one 
patient and in an iliac LN in two patients, without any further 
metastasis [35]. Furthermore, Johnsen et al. detected single 
LN metastases in ten patients, with a single mediastinal, 
supraclavicular and axillary node in, respectively, eight, one 
and one patients [21]. Those single-node metastases may 
chronologically be the first site of metastasis.

Key Learning Points
• Both in renal cancers and in bladder cancers the 

presence of lymph node metastasis is one of the key 
prognostic factors and its incidence seems to be 
correlated with tumour size.

• Other prognostic factors include the total number of 
tumour-positive lymph nodes and lymph node den-
sity (ratio of tumour-positive lymph nodes relative 
to the total number of resected lymph nodes at pel-
vic lymph node dissection).

• Lymphoscintigraphy (including both planar imag-
ing and SPECT/CT imaging) has recently been 
explored for lymph node mapping in patients with 
renal or bladder cancers.
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Interestingly, lymphatics from the kidney drain directly 
into the thoracic duct (TD), without any interposed LN. This 
latter situation has been described by Assouad and co- 
workers, who injected normal kidneys of 16 cadavers with a 
blue modified Gerota mass and dissected lymph vessels until 
their termination [36]. Renal lymphatics reached distant 
lymph nodes (e.g. aortic bifurcation, celiac, mesenteric and 
contralateral nodes). Furthermore, lymphatic vessels were 
always connecting to the origin of the TD, in several cases 
(38% on the right and 15% on the left) even directly without 
involving any LN (Fig. 16.2) [37]. Also in a SLN mapping 
study early lymphatic drainage following the course of the 
thoracic duct on lymphoscintigraphy and SPECT/CT images 
was seen. In one patient, this was observed without any ret-
roperitoneal LN interposition [38]. Clinically, drainage 
through the TD may explain the isolated mediastinal LN 
metastasis with synchronous pulmonary metastasis that are 
frequently observed in RCC [19–22, 39–41].

16.4  Lymphatic Drainage and Nodal 
Groups in Bladder Cancer

In contrast to renal cancer, lymphatic drainage in bladder 
cancer is more predictable. However, autopsy and patho-
logical postcystectomy studies have failed to accurately 
map the landing sites of lymphatic drainage from the uri-
nary bladder. Contrary to renal cancer, the value of lym-
phoscintigraphy and intraoperative SLN mapping has been 
evaluated and demonstrated in large series. However, the 
most recent studies assume that SLNB is not a reliable 
technique for perioperative localization of LN metastases 
during cystectomy [41, 42]. In well-lateralized bladder can-
cer a 100% ipsilateral radiocolloid drainage rate has been 
observed, including drainage to the external iliac, obturator 
fossa and common iliac stations [43]. In 40% of the cases, 
additional lymphatic drainage to the contralateral side was 
seen.

Fig. 16.1 (a) Distribution of 29 SLNs from 18 right kidney tumours at 
SPECT/CT. Green SLNs locate ventrally to blood vessels, yellow SLNs 
dorsally. (b) Distribution of 34 SLNs from 22 left kidney tumours. 

Green SLNs locate ventrally to blood vessels, yellow SLNs dorsally 
(image printed with permission of A.D.A.M. Images)
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Fig. 16.2 A 39-year-old man with a T1 (5 cm) papillary renal cell car-
cinoma in the lateral part of the left kidney. Lymphoscintigraphy and 
SPECT/CT were acquired after ultrasound-guided injection of 
209 MBq 99mTc-nanocolloid into the tumour. Planar anterior image (a) 
and SPECT/CT volume rendering (b) show drainage to lymph nodes in 
the abdomen and in the thorax. Axial SPECT/CT images show para- 

aortic SLNs (c) as well as retrocrural (d) and mediastinal lymph nodes 
(e). None of these lymph nodes were enlarged on CT (f–h). At histopa-
thology two para-aortic SLNs were found to contain metastases. The 
yellow circles refer to the location of corresponding LNs on conven-
tional CT that may represent the SLNs
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16.5  Radiocolloid Administration in Renal 
and Bladder Cancers

In kidney cancer, in a study with 40 patients, 99mTc- 
nanocolloid was injected percutaneously (0.4 mL, 225 MBq) 
into the primary renal lesion under ultrasound or CT guid-
ance the day before surgery (Fig. 16.3). Using a spinal nee-
dle, primary tumours ≤4 cm were injected centrally with a 
single 0.4 mL aliquot. Tumours 4–10 cm in size received in 
total 2–3 × 0.4 mL aliquots, injected around the centre into 
solid parts and avoiding areas of necrosis [30].

In bladder cancer, the radiocolloid is in most studies 
injected under cystoscopy guidance using an endoscopic 
needle (Fig. 16.4) [44]. An amount of 240 MBq of the radio-
colloid is administered into the detrusor muscle in four sites 
around the tumour following a transurethral approach, with 
the patient in the lithotomy position.

16.6  Preoperative Imaging of SLNs 
in Renal and Bladder Cancer

In renal cancer, planar lymphoscintigraphy in a phase II 
study was acquired 20 min and 2–4 h post-administration, 
acquiring anterior and lateral planar images. Since radiocol-
loid administration was performed in the department of radi-
ology, dynamic scanning with a standard gamma camera was 
not possible. The use of a portable gamma camera may assist 
radiocolloid injection and help to modify/repeat the injection 
procedure in case radioactivity is detected outside the tumour 
and the kidney. SPECT/CT imaging was usually acquired 
following the acquisition of delayed planar images. For this 

procedure a low-dose CT was obtained, acquiring 2  mm 
slices for attenuation correction and for generation of 
SPECT/CT fusion images (Fig. 16.5).

A similar procedure is performed for bladder cancer. 
Before lymphoscintigraphy an indwelling catheter can be 
used to empty the bladder and wash out excess of the radio-
colloid from the bladder cavity.

The LNs appearing on early planar lymphoscintigraphy 
are considered to be SLNs (Fig. 16.6), while those appear-
ing later in the same stations are considered to be second- 
echelon LNs. Lymph nodes appearing late in other stations 
proximal to the injection site are also considered as highly 
probable SLNs. In the pelvis, planar images often cannot 
specifically distinguish the nodal groups, and in many cases 
SPECT/CT imaging depicts radioactive LNs in two differ-
ent basins at the same level. These LNs are also considered 
as SLNs.

16.7  Intraoperative SLN Detection Nodes 
in Renal and Bladder Cancer

The optimal approach for renal surgery depends on the size 
and location of the tumour. As a result, intraoperative SLN 
detection in RCC has been performed during open, transab-
dominal nephrectomies, open retroperitoneal partial nephrec-
tomies and laparoscopic transperitoneal nephrectomies as 
well as robotic assisted laparoscopic nephron-sparing sur-
gery. For both open and laparoscopic approaches the same 
method is used.

For intraoperative SLN detection during open surgery, a 
standard gamma probe is used, whereas for laparoscopy a 
special laparoscopic gamma probe is necessary. Patent blue 
is rarely used, due to its limited contribution.

Key Learning Points
• Although somewhat unpredictable, in general lym-

phatic drainage from renal cancers is initially to 
hilar lymph nodes, and then to the paracaval, inter-
aortocaval or para-aortal retroperitoneal LNs, 
depending on the side of the tumour.

• In about 20% of the cases lymph from the kidney 
drains directly to the thoracic area without any 
interposition lymph node.

• Lymphatic drainage from the bladder is more pre-
dictable; in well-lateralized bladder cancers radio-
colloid drainage occurs almost invariably to the 
ipsilateral LNs, including to external iliac, obtura-
tor fossa and common iliac stations, although addi-
tional contralateral drainage can also be observed.

Key Learning Points
• For lymphatic mapping in patients with renal can-

cers, the radiocolloid can be injected intratu-
mourally under ultrasound or CT guidance.

• In patients with bladder cancers the radiocolloid 
can be injected into the detrusor muscle in four sites 
around the tumour during transurethral cystoscopy.

• In renal cancer planar lymphoscintigraphy is 
acquired early (20 min) and late (2–4 h) post-radio-
colloid administration; SPECT/CT imaging is usu-
ally acquired after the delayed planar scan.

• Similar protocols are adopted for lymphatic map-
ping in patients with bladder cancers.
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Fig. 16.3 A 47-year-old 
woman with a T2 (8.8 cm) 
renal cell carcinoma in the 
lower pole of the right kidney. 
Following CT-guided needle 
placement into the tumour, 
206 MBq 99mTc-nanocolloid 
was administered under 
continuous monitoring with a 
portable gamma camera (a) 
showing initial tumour 
retention of the tracer (b). 
Planar posterior image (c), 
SPECT/CT volume rendering 
(d) and axial SPECT/CT (e, f) 
show drainage to a SLN 
between the aorta and the 
vena cava. This SLN was 
tumour negative at 
histopathology. The yellow 
circle refers to the location of 
corresponding LNs on 
conventional CT that may 
represent the SLNs

SLNs are separately excised, followed by LND (hilar, 
paracaval and interaortocaval on the right or hilar, para-aor-
tal and interaortocaval on the left side). As the preliminary 
trials have so far investigated feasibility and drainage pat-
terns with a yet unproven clinical benefit, only SLNs that 
could be approached through the access for renal surgery are 
removed in current study protocols.

Intraoperative SLN identification and sampling can be 
combined with the most common surgical approaches for 

renal tumours, with a median extra time of 30 min and with-
out additional early or late complications [41]. Most of the 
additional time is due to the locoregional LND, especially 
during laparoscopic nephrectomy. If future investigations 
prove that additional locoregional LN metastases are not 
missed in case of pathologically negative SLNs, then LND 
may be abandoned.

In bladder cancer intraoperative SLN identification is 
often performed in conjunction with open surgery and 
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extended PLND [44, 45]. However, with the advent of lapa-
roscopic cystectomy techniques, including robot-assisted 
laparoscopic cystectomies, laparoscopic gamma probes are 
used—as described above.

16.8  Contribution of SPECT/CT Imaging 
for SLN Mapping in Renal and Bladder 
Cancers

For both renal cell cancer and bladder cancer, use of SPECT/
CT imaging is mandatory. In fact, SPECT/CT is able to 
detect/identify SLNs in the vicinity of the iliac vessel or 
aorta, thus providing a useful road map to guide urologists 
during surgery. In bladder cancer SPECT/CT is able to local-
ize SLNs in the lymphatic basins of the pelvis. In many cases 
early-appearing LNs seen as a single hot spot on planar 
images are displayed as separate LNs in different basins by 
SPECT/CT imaging; in this case, all nodes are considered as 

SLNs. In other cases intense LN uptake seen on fused images 
may correspond to a cluster of SLNs as depicted on the CT 
component of the SPECT/CT.

16.9  Intraoperative SLN Imaging in Renal 
and Bladder Cancers

The intraoperative SLN search may be facilitated using the 
gamma probe in combination with a portable gamma camera 
[46], which can detect both the 99mTc signals for SLN visuali-
sation and a 125I seed placed on the laparoscopic probe tip to 
indicate its position in relation to the SLNs.

In addition, all removed SLNs can be examined ex situ 
with the portable gamma camera. The use of a portable 
gamma camera also enables a better post-excision control 
and the identification of significant remaining radioactiv-
ity at the site of the SLNs as anatomically identified by 
SPECT/CT.

Fig. 16.4 A 46-year-old 
woman with bladder 
carcinoma. Planar 
lymphoscintigraphy and 
SPECT/CT acquired after 
administering an activity of 
216 MBq 99mTc-nanocolloid 
in four injections around the 
tumour into the detrusor 
muscle under cystoscopy 
guidance using an endoscopic 
needle (a, b). On planar 
anterior image (c) a SLN with 
faint uptake is seen above the 
bladder radioactivity on the 
right. This SLN, localized at 
the bifurcation of the left 
common iliac artery as seen 
on volume rendering (d) and 
axial SPECT/CT (e, f), was 
tumour free at histopathology
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16.10  Accuracy of Radioguided SLNB 
in Renal or Bladder Cancer

The absence of lymphatic drainage on imaging in 37% of 
patients is of concern, regarding the potential clinical appli-
cation of this technique [47]. No SLN could be identified, 
although SPECT/CT demonstrated technically correct 
intratumoural tracer deposition. This may be caused by 

lack of drainage of the radiocolloid through the lymphatic 
vessels. Alternatively, the radiocolloid may have drained 
directly into the thoracic duct (TD) without any LN inter-
position, as has been described by Assouad et  al. [36]. 
Direct drainage into the TD may be rapid and difficult to 
detect in vivo, since the earliest planar images are acquired 
20  min post-injection. We were not able to visualize the 
presence of lymphatic vessels on lymphoscintigraphy in 

Fig. 16.5 A 43-year-old 
woman with a T1 (5 cm) renal 
cell carcinoma in the left 
kidney. SPECT/CT was 
acquired 2 h after ultrasound- 
guided injection of 183 MBq 
99mTc-nanocolloid into the 
tumour. Coronal (a) and axial 
(b–e) SPECT/CT show two 
SLNs along the aorta. Both 
SLNs were tumour free at 
histopathology
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any of the patients with non- visualization. The radiocolloid 
was injected at the department of radiology and dynamic 
lymphoscintigraphy could not be performed. In four 
patients, radiocolloid injection was monitored with the por-
table gamma camera, but drainage through lymphatic ves-
sels was not detected. SLN identification and sampling 
after preoperative detection on SPECT/CT are surgically 
feasible and safe in patients with RCC [4]. Preliminary data 
suggest that SLNs from the kidney are mainly located in 

the para-aortic, paracaval and interaortocaval region, but 
aberrant LNs might receive direct drainage through the TD, 
as was observed in 13–20% of our cases. Additional studies 
are required to demonstrate whether accurate mapping of 
lymphatic drainage and SLN sampling may lead to early 
detection of LN metastasis in clinically node- negative and 
non-metastatic RCC.  In addition, it will be of interest to 
ascertain whether or not LND can be abandoned in patients 
with pathologically negative SLNs.

Fig. 16.6 A 50-year-old man 
with a carcinoma in the left 
dorsal wall of the bladder. On 
planar anterior image (a) 
drainage to the left iliac area 
is observed. On axial (b, c) 
and coronal (d, e) SPECT/CT 
fusion images SLNs are seen 
along the left external iliac 
artery and in the upper part of 
the left iliac common artery. 
Only the external iliac node 
was found to contain 
metastases at histopathology
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With regard to bladder cancer, a recent systematic 
review and meta-analysis [48] based on eight eligible 
studies published up until April 2018 included a total of 
336 patients with muscle-invasive bladder cancer who 
underwent SLN mapping with different methods and trac-
ers (radiocolloid, indocyanine green, blue dye—occasion-
ally combined). The lowest SLN detection rate (21%) was 
found for studies employing visual guidance with the blue 
dye (95% CI 2–75%), while the pooled detection rate for 
all studies combined was 91% (95% CI 87–93%). Pooled 
sensitivity was 79% (95% CI 69–86%).

At the conclusion of this chapter, it must be recognized 
that the SLN procedure does not yet constitute the stan-
dard of care in patients with kidney or bladder cancer, but 
is rather the object of ongoing validation clinical trials.

Key Learning Points
• In patients with RCC, intraoperative SLN detection 

can be performed during open or laparoscopic 
transabdominal nephrectomies, open retroperito-
neal partial nephrectomies and robot-assisted lapa-
roscopic nephron-sparing surgery, depending on the 
size and location of the tumour.

• Standard handheld gamma probes are used during 
open surgery, whereas special laparoscopic gamma 
probes are used during laparoscopic surgery.

• In patients with bladder cancer, intraoperative SLN 
detection is most often performed during open sur-
gery and extended pelvic lymph node dissection, 
whereas special laparoscopic gamma probes are 
used during laparoscopic cystectomies, including 
robot-assisted laparoscopic surgery.

• For both RCC and bladder cancer the use of preop-
erative SPECT/CT imaging is mandatory.

• Intraoperative imaging with dedicated small-field-
of-view portable gamma cameras facilitates the 
intraoperative SLN search, as well as the post-exci-
sion control to assess completeness of SLN 
removal.

• Although the feasibility of SLN mapping in patients 
with kidney or bladder cancer has been satisfacto-
rily demonstrated, additional studies are required to 
ascertain the overall accuracy of radioguided SLN 
mapping/biopsy.

• It must be recognized that the SLN procedure does 
not yet constitute the standard of care in patients 
with kidney or bladder cancer, but is rather the 
object of ongoing validation clinical trials.
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 Clinical Cases

Case 16.1: SLN Mapping in Renal Cell Cancer with 
Drainage to a Lymph Node Between Vena Cava and 
Aorta

Renato A. Valdés Olmos, Teele Kuusk, Oscar R. Brouwer, 
and Axel Bex

Background Clinical Case
A 56-year-old woman with renal cell cancer in the right 

kidney was referred for a SLN procedure. No lymph node 
abnormalities had been detected on radiological examination 
(clinical stage T1N0).

Planar Lymphoscintigraphy and SPECT/CT
The day before surgery the patient received 110  MBq 

99mTc-nanocolloid, administered as a single intratumoural, 
ultrasound-guided injection in the right kidney. After moving 
the patient to the nuclear medicine department, static 5-min 
images were acquired at 15 min and 2 h post-injection with 
the patient in supine position using a dual-head gamma cam-
era (Symbia T, Siemens, Erlangen, Germany) equipped with 
low-energy high-resolution collimators. Subsequently to the 
delayed static images, SPECT/CT imaging was performed 
using the same gamma camera.

Fig. 16.7 Following ultrasound-guided radiotracer administration 
(upper row) volume-rendered and cross-sectional SPECT/CT images 
(middle row) show drainage to an interaortocaval SLN (no drainage 

was observed in planar images). This lymph node was subsequently 
localized during laparoscopy and its activity was measured ex vivo with 
a gamma probe (lower row)
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Fig. 16.7 (continued)
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Case 16.2: SLN mapping in renal cell  
cancer with drainage to a lymph node along the 
vena cava

Renato A. Valdés Olmos, Teele Kuusk, Oscar R. Brouwer, 
and Axel Bex

Background Clinical Case
A 57-year-old male with renal cell cancer in the right kid-

ney was referred for a SLN procedure. No lymph node 
abnormalities had been detected on radiological examination 
(clinical stage T1N0).

Planar Lymphoscintigraphy and SPECT/CT
The day before surgery the patient received 130  MBq 

99mTc-nanocolloid, administered as a single intratumoural, 
CT-guided injection in the right kidney. After moving the 
patient to the nuclear medicine department, static 5-min 
images were acquired at 15 min and 2 h post-injection with 
the patient in supine position using a dual-head gamma cam-
era (Symbia T, Siemens, Erlangen, Germany) equipped with 
low-energy high-resolution collimators. Subsequently to 
delayed static images, SPECT/CT imaging was performed 
using the same gamma camera.

Fig. 16.8 Following CT-guided radiotracer administration (upper left 
image) in the lower pole of the right kidney, volume-rendered (lower 
image on the left) and cross-sectional SPECT/CT images (upper image 
on the right) show drainage to a SLN located posterolateral to the vena 

cava, corresponding to a normal-sized lymph node (circle) on low-dose 
CT (lower right image). On planar images (not displayed), no lym-
phatic drainage was depicted
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