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CHAPTER ONE

Introduction and Outline of the Thesis



Chapter I8

he sentinel node concept as theory underlying selective lymphadenectomy
has gone through a long developing process. The concept is based on the
hypothesis that lymphatic drainage follows an orderly and predictable
pattern to a regional lymph node basin. Consequently, the initial lymph

node that drains the primary tumour will be the first to be involved when tumour
dissemination occurs. The description of this lymph node as a “sentinel node” first
appeared in the literature in 1960.1 Despite some reports thereafter, the impact of
establishing the sentinel node status was not fully appreciated. At the time Morton
and Cochran presented a poster about the technique of lymphatic mapping at the
WHO’s Second International Conference on Melanoma in 1989, nobody realised that
this was the beginning of a new era in surgical oncology.2 Eventually, the sentinel
node concept has evolved from an underestimated principle to a generally accepted
and world-wide applied theory.
Lymphatic mapping with sentinel node biopsy serves various purposes, related to
its application in several malignancies. In melanoma, sentinel node biopsy can
identify occult lymph node metastasis at expected and unexpected locations,
providing prognostic information and a selection criterion for entering patients in
adjuvant systemic therapy trials.3 Improving survival is another aim by enabling
early lymphadenectomy. This will be one of the endpoints of the Multicenter
Selective Lymphadenectomy Trial initiated by Morton in which patients are
randomised between “wait and see” policy and sentinel node biopsy.4 Total accrual
in September 2001 was 1897 patients. In breast cancer, the primary aim was to
reduce morbidity associated with routine axillary lymph node dissection.5-8 With
refinement of the pathological examination, detection of (micro)metastases in the
sentinel node has been improved resulting in better staging.9 Identification of extra-
axillary sentinel nodes improves staging as well. Reduction of morbidity associated
with complete regional lymph node dissections and improvement of staging are also
the primary aims of selective lymphadenectomy in other malignancies like
gynecological cancers, urological cancers, gastro-intestinal cancers, thyroid cancer,
lung cancer and head and neck squamous cell carcinoma.10-17 In general, lymphatic
mapping enables visualisation of aberrant drainage pathways and facilitates
scrutinising the lymph node with the highest risk of harbouring metastasis by the
pathologist. After validation of the sentinel node concept as described in two
preceding theses from our institute, methodology and implications of the technique
have become important issues.18,19 This thesis deals with these aspects, mostly
related to breast cancer.

The first three chapters following this introduction (chapter one) provide the reader
background information about several topics related to selective lymphadenectomy.
In chapter two, the interesting evolution of lymphatic mapping is described and
placed in a historical context. Chapter three deals with an important conceptual
issue. The definition of a sentinel node is still liable to discussion and confusion.
Morton’s definition a sentinel node is the initial lymph node upon which the primary
tumour drains is a clear and correct one, but sometimes difficult to handle in clinical
practice.20 Alternative definitions based on anatomy or technical elements of the
sentinel node biopsy are attractive, but have their drawbacks. One of these practical
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definitions, a sentinel node is the hottest node, has been shown to be inaccurate by
several studies in both melanoma and breast cancer.21-23 This definition and other
definitions of a sentinel node are discussed from theoretical and practical points of
view in chapter three. Chapter four entails a review concerning the anatomy and
physiology of lymphatic drainage of the mammary gland. Knowledge of this subject
that has been gained during the last three centuries is described and discussed in the
context of the application of sentinel node biopsy in breast cancer.
The next six chapters contain analyses of several methodological aspects concerning
lymphatic mapping and sentinel lymphadenectomy in breast cancer. The
reproducibility of preoperative lymphoscintigraphy is described in chapter five.
Variability of lymphatic flow is one of the potential causes of false-negative results.
Therefore, this first report of assessing the reproducibility of lymphoscintigraphy in
breast cancer is an essential step in the understanding of technical failure. Chapters
six and seven describe our attempts to optimise the preoperative identification of the
sentinel with the use of a radiolabelled colloid. Visualisation and radioactivity
uptake of the sentinel node were influenced by adjustment of the tracer dose, colloid
particle concentration, delayed imaging and repeat injection of the radioisotope.
Etiological factors associated with non-visualisation of the sentinel node are given in
chapter seven. Chapter eight addresses the technical adaptations that allow sentinel
node biopsy in non-palpable breast cancer. These patients are ideal candidates for
sentinel lymphadenectomy because of the low incidence of lymph node metastases.
In addition, excision of the primary breast carcinoma is facilitated by the use of
gamma ray detection probe as a result of intralesional administration of the
radiolabelled colloid. In chapter nine, the reliability of intraoperative frozen section
investigation of the sentinel node is described. The ability to perform an immediate
completion lymphadenectomy with the use of this technique was evaluated in both
melanoma and breast cancer. Besides the limited sensitivity which is more
pronounced in melanoma, logistic difficulties may arise when the pathology
laboratory is at a certain distance from the hospital. According to Gemignani and
colleagues, the use of intraoperative frozen section analysis increases the charges of
sentinel node biopsy and minimises its potential cost-saving advantages if compared
with routine axillary lymph node dissection in breast cancer.24 These inherent
disadvantages should be kept in mind when considering application of this
technique.

Chapter ten describes the implications of finding non-axillary sentinel nodes in
breast cancer. These sentinel nodes are mostly located in the internal mammary
chain. Other non-axillary sentinel nodes are located in the breast parenchyma
(intramammary), in the supra- or infraclavicular fossa, between the pectoral muscles
(Rotter's node) or subcutaneously beneath the breast (paramammary or Gerota's
node). The impact on staging and treatment of biopsy of these lymph nodes is
discussed, relative to the findings in 555 sentinel node procedures.
The following three chapters are related to lymphatic mapping in urological
malignancies. Chapter eleven provides technical details about the application of
lymphoscintigraphy in squamous cell carcinoma of the penis whereas chapter
twelve focuses on the implications of this technique for staging and treatment of
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clinically node-negative penile cancer. Preliminary results of lymphatic mapping in
clinically stage I testicular cancer are provided in chapter thirteen.

Chapter fourteen describes an analysis of the learning phase for lymphatic mapping.
Every new methodology requires experience of all involved disciplines, which
implies that a certain number of procedures have to be performed in a controlled
setting. This raises the question of how to determine that a sufficient quality has
been achieved. The false-negative rate is the most important parameter in this
discussion. The influence of group-size and critical value for non-identification or
false-negativity on the decision about the quality of sentinel node biopsy is described
from a statistical point of view.

Chapters fifteen and sixteen contain clinical cases of specific interest. The most
frequent pitfall of lymphatic mapping is probably the blockage of ingress and uptake
of tracers in a sentinel node by tumour. Tracers will be re-routed to a lymph node
that is incorrectly labelled as sentinel node and this neo-sentinel node may still be
tumour-negative in about 2% to 3% of the patients.25,26 One such case is described in
detail in chapter fifteen. In chapter sixteen, two patients with an isolated internal
mammary node metastasis are described and they illustrate the associated clinical
problems, which have already been mentioned in chapter ten. This thesis winds up
with a general discussion and description of recent developments in the field of
selective lymphadenectomy (chapter seventeen).
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ymphatic tumour spread and its implications for treatment and survival
have been studied for centuries. Different theories about the dissemination
of solid tumours have been introduced, based on experimental data and
observations during follow-up of cancer patients. These resulted in

discussion about the place of regional lymph node dissection in the treatment of
diseases that were thought either to be systemic from the beginning or to spread
initially to lymph nodes. Elective regional lymph node dissections became
controversial because of overtreatment of the many patients without lymph node
metastases. These patients suffer from associated morbidity without survival benefit.
With the introduction of the sentinel node concept, a minimally invasive procedure
became available for detection of occult lymph node metastases. This report
describes the history and the validation of the technique with particular reference to
breast cancer.

Dissemination theories 

Bartholin was the first who noticed the existence of a ‘lymphatic’ in 1653. Numerous
subsequent investigations elucidated the intricate lymphatic system. In the
nineteenth century, Virchow formulated the theory that lymph nodes filter
particulate matter from lymph. This important assumption led to the awareness that
cancer could be cured at an early stage with adequate surgery in contradiction to the
Greek philosophy that implies that cancer is the local manifestation of a systemic
disease. The next logical step in the evolution of Virchow’s theory was the
introduction of the radical mastectomy by Halsted at the end of the nineteenth
century.1

To determine the barrier function of lymph nodes, several investigators injected
inanimate particles or tumour cells into certain afferent lymphatics in animal
models. Studying mesenteries of dogs and rabbits, Gilchrist saw no passage of
carbon suspensions through any node after injections with varying pressures.2

Zeidman and Buss injected stained V2 carcinoma cells into the afferent lymphatics of
popliteal nodes in rabbits.3 They found that tumour cell emboli are immediately
trapped in the subcapsular sinus and do not spread to the next node for at least three
weeks.
The Halstedian model with en bloc dissection as guiding principle of cancer surgery
lost ground when the systemic hypothesis was re-introduced in the 1960’s. Nodal
involvement was suggested not to be an orderly contiguous extension, but rather a
marker of distant disease.4 Fisher found that less than 40% of 51Cr labelled V2

carcinoma cells were retained in a rabbit’s popliteal node.5 This finding was
explained by the presence of lymphaticovenous pathways in lymph nodes, although
the existence of free communication between the venous and lymphatic system is
controversial. The ineffectiveness of the lymph node barrier is not in line with the
better prognosis of cancer patients without nodal involvement. Alternative theories
were considered. Tumour cells that traverse lymph nodes could be destroyed more
readily or are less apt to develop distant metastases. Tumour cells which retain in
lymph nodes could be those forming secondary tumours.5
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The spectrum hypothesis may be the most consistent with clinical observations.
Hellman noted that breast cancer is best thought of as a spectrum of disease with
increasing inclination towards metastasising as a function of tumour growth and
progression.4 A lymph node metastasis may either be the only site of dissemination,
especially in small tumours, or it can be a marker of distant disease. The observation
that many cancer patients are cured after adequate loco-regional treatment illustrates
why the spectrum theory is attractive. The introduction of the sentinel node concept
was a logical attempt to clarify the controversy caused by the described hypotheses.

First descriptions of a sentinel node 

In 1951, a normal-appearing node at the junction of the anterior and posterior facial
vein was sent for frozen section investigation during a total parotidectomy. In the
description of Gould, the pathology report was ‘lymph node with metastatic
tumour’.6 Intraoperative examination of this lymph node in its typical anatomical
location guided the decision to perform a radical neck dissection during the
following parotidectomies.
Two decades later, Cabañas observed the existence of a sentinel node in the
lymphatic drainage of the penis.7 Lymphangiographic studies elucidated the precise
location of such sentinel nodes. Direct drainage from the penis was observed to the
lymph nodes associated with the superficial epigastric vein. After making an incision
parallel to the inguinal ligament, the sentinel lymph node was identified by inserting
the finger under the upper flap toward the pubic tubercle.
Studying lymphatic drainage of testicular cancer revealed the existence of a sentinel
node as well. Chiappa (1966) postulated primary testicular lymph centers using
lymphangiographic studies.8 Later on, more knowledge about the primary
metastatic sites of testicular cancer was obtained through surgical and
histopathological exploration of the retroperitoneum. Weissbach and Boedefeld
(1987) examined the feasibility of a limited retroperitoneal lymph node dissection,
based on their observations of areas in which solitary metastases occur. These were
called sentinels.9 They stated that ‘a more limited approach strictly for the purpose
of pathological staging, which aims at the prevention of long-term damage without
compromising diagnostic accuracy, must be based on the knowledge of the
pathways of lymphatic dissemination and, particularly, on the first sites of nodal
involvement’.
Kett and co-authors (1970) administered contrast medium in breast lymphatics,
which were visualised with the aid of areolar blue dye injection.10 They observed
flow to an isolated lymph node, called the ‘Sorgius’ node, and subsequent drainage
through many lymphatic vessels and lymph nodes to the collecting system around
the axillary vein. Using breast lymphoscintigraphy in 1980, Christensen observed
‘primary draining nodes’.11 Haagensen studied the route of metastases through the
axillary lymph node filter and stated that the nodes of the central group are not only
most often involved, but also most often exclusively involved.12 An interesting
finding is that he used the term sentinel node for specific lymph nodes of the inferior
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deep cervical group because of their close relationship to the jugular-subclavian
venous confluence.

The concept of lymphatic mapping with sentinel node biopsy 

In the light of the previous descriptions, it is remarkable that it was not until the end
of the twentieth century that the concept of lymphatic mapping was introduced.
Morton and colleagues used cutaneous lymphoscintigraphy with colloidal gold since
1977 to identify the lymphatic drainage pattern of melanomas located at ambiguous
sites.13 In addition to this preoperative procedure, they developed a technique for
intraoperative mapping in order to selectively remove lymph nodes on the direct
drainage pathway from the primary melanoma. This sentinel node was considered
to be the first site of metastatic disease. The work of the group at the John Wayne
Cancer Institute initiated one of the most interesting recent developments in surgical
oncology.
The concept of sentinel node biopsy is based on two basic principles: the existence of
an orderly and predictable pattern of lymphatic drainage to a regional lymph node
basin and the functioning of a first lymph node as an effective filter for tumour cells.
With the widespread use of sentinel node biopsy, sufficient data was provided to
prove that sequential lymphatic dissemination and entrapment of tumour cells in
first draining lymph nodes occur.14,15 Actually, the sentinel node concept is based on
the Halsted theory that stressed the importance of locoregional cancer treatment
because of the step-wise spread. However, the spectrum and systemic hypotheses
suggest that lymph node involvement can be an indicator of distant disease and
therefore sentinel node biopsy is also a staging tool to select patients for adjuvant
systemic treatment.

Evolution of the technique of lymphatic mapping 

The static approaches for sentinel node biopsy applied from halfway the twentieth
century did not bring about any enthusiasm for the concept. The reason might be
that these techniques, only based on the typical anatomical patterns, were not
reproducible and did not take into account the interindividual variability of
lymphatic drainage. The introduction of the blue dye mapping by Morton and co-
workers was the key point in the general acceptance of sentinel node biopsy. After a
feasibility study in a feline model, they injected patent blue or isosulfan blue
intradermally at the primary tumour site in melanoma patients. Subsequently, an
incision was made over the site of expected lymphatic drainage and the lymphatic
channel was visually identified. This channel was followed to the first draining
lymph node by meticulous dissection. This technique of intraoperative lymphatic
mapping was presented at the WHO’s Second International Conference on
Melanoma in 1989.16 Morton’s original report followed three years later.13

Visualisation of lymphatic drainage is not new. Haagensen nicely describes the old
anatomical studies using injections of various tracer fluids in his book ‘The
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Lymphatics in Cancer’.17 Sappey tried to clarify the intricate lymphatic system of the
breast using mercury injections at the end of the eighteenth century. Later on,
surgeons and nuclear medicine physicians visualised the lymphatic system with
vital dyes and radioactive isotopes. Finally it was the group in Santa Monica who
combined the visualisation of lymphatic drainage with the sentinel node concept in
melanoma patients.
The development of sentinel node biopsy in breast cancer also started at the John
Wayne Cancer Institute in 1991. In 1994 the first article of blue dye mapping in
breast cancer by Guiliano et al. was published.18 Injection of radio-labelled colloids
with intraoperative detection of the sentinel node using a gamma ray detection
probe was introduced a little later.19 Preoperative lymphoscintigraphy was added
for better specification of the location and number of sentinel nodes. Nowadays,
different methodologies based on these two lymphatic mapping techniques are
applied all over the world.

Validation of the sentinel node concept 

In his initial sentinel node procedures in 34 breast cancer patients, Giuliano reported
that tumour was found in 39 of 63 sentinel nodes (62%) compared with 93 of 688
non-sentinel nodes (14%). He stated that ‘this suggests that a primary breast
carcinoma spreads to the axilla along a specific pathway of lymph nodes that cannot
be identified by random axillary sampling’.20 But the main question is if absence of
tumour cells in the sentinel node is indicative of the absence of tumour cells in the
other lymph nodes of the regional basin. An important parameter in studies
concerning this question is the false negative rate. The false-negative rate is the
number of false negative procedures divided by the sum of the true-positive and
false-negative procedures (1-sensitivity), although some investigators calculate it in
their own way.
In his first 194 lymphadenectomy specimens that had an identifiable sentinel node,
Morton et al. found that non-sentinel nodes were the sole site of melanoma
metastasis in only two patients.13 The sentinel node was involved with tumour in 38
patients resulting in a false negative rate of 5% (2 of 40). This result showed a high
degree of accuracy in identifying early stage melanoma patients with clinically
occult lymph node metastases and suggests that the concept is valid. With extensive
pathological examination of sentinel nodes and non-sentinel nodes in breast cancer,
Turner et al. described that if the sentinel node is tumour-free, the probability of
involvement of a non-sentinel node is 1 in 1087.21 Numerous studies in melanoma
and breast cancer patients have confirmed that the sentinel node is the first node
reached by metastasising cells as they enter the regional lymphatic basin in the vast
majority of patients. A review of sentinel node biopsy in breast cancer reported an
accuracy of more than 95% in all studies.22 However, a wide range of false negative
rates among different centres exists. Unacceptable failure rates can occur because of
technique, physician and patient related factors. The first observational study of
sentinel node biopsy not followed by routine axillary clearance in 133 breast cancer
patients showed no axillary recurrences after a median follow-up of 39 months.23
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Conclusion 

The development of the sentinel node concept is a recent milestone in the
understanding of dissemination of solid malignancies. The concept is based on
Halsted’s theory and the experimental work of Gilchrist, Zeidman and others who
supported the hypothesis of sequential dissemination through the lymphatic system.
After incidental reports of non-guided sentinel node procedures, it was the
introduction of the technique of intraoperative lymphatic mapping in 1989 that
initiated the widespread use and general acceptance of this approach. Now that the
technique has been validated, many breast cancer patients are spared a regional
lymph node dissection without compromising local control and the accuracy of
staging.

References 

1. Halsted WS. The results of operations for the cure of cancer of the breast performed at the
Johns Hopkins Hospital from June 1889 to January 1894. Johns Hopkins Hosp Bull 1894;4:297-
323.

2. Gilchrist RK. Fundamental factors governing lymphatic spread of carcinoma. Ann Surg
1940;111:630-9.

3. Zeidman I, Buss JM. Experimental studies of the spread of cancer in the lymphatic system.
Cancer Res 1954;14:403-5.

4. Hellman S. Natural history of small breast cancers. J Clin Oncol 1994;12:2229-34.
5. Fisher B, Fisher ER. Barrier function of lymph node to tumor cells and erythrocytes. Cancer

1967;20:1907-13.
6. Gould EA, Winship T, Philbin PH, Kerr HH. Observations on a 'sentinel node' in cancer of the

parotid. Cancer 1960;13:77-8.
7. Cabañas RM. An approach for the treatment of penile carcinoma. Cancer 1977;39:456-66.
8. Chiappa S, Uslenghi C, Bonadonna G, Marano P, Ravasi G. Combined testicular and foot

lymphangiography in testicular carcinomas. Surg Gynecol Obstet 1966;123:10-4.
9. Weissbach L, Boedefeld EA. Localization of solitary and multiple metastases in stage II

nonseminomatous testis tumor as basis for a modified staging lymph node dissection in stage I.
J Urol 1987;138:77-82.

10. Kett K, Varga G, Lukács L. Direct lymphography of the breast. Lymphology 1970;1:3-12.
11. Christensen B, Blichert-Toft M, Siemssen OJ, Nielsen SL. Reliability of axillary lymph node

scintiphotography in suspected carcinoma of the breast. Br J Surg 1980;67:667-8.
12. Haagensen CD. Lymphatics of the breast. In: The lymphatics in cancer. Edited by Haagensen

CD, Feinde KR, Herter FP, Slanetz CA, Weinberg JA. Philadelphia: WB Saunders Company,
1972:300-87.

13. Morton DL, Wen DR, Wong JH, et al. Technical details of intraoperative lymphatic mapping for
early stage melanoma. Archives of Surgery 1992;127:392-9.

14. Reintgen DS, Cruse CW, Wells KE, et al. The orderly progression of melanoma nodal
metastases. Ann Surg 1994;220:759-67.

15. Kapteijn BAE, Nieweg OE, Peterse JL, et al. Identification and biopsy of the sentinel lymph node
in breast cancer. Eur J Surg Oncol 1998;24:427-30.

16. Morton DL, Wen DR, Cochran AJ. Pathophysiology of regional lymph node metastases in early
melanoma studied by intraoperative mapping of the cutaneous lymphatics. Presented at the



History and validation of the technique 19

Second International Conference on Melanoma, October 16-19, Venice 1989, (Abstract Book p.
131).

17. Haagensen CD, Feind CR, Herter FP, Slanetz CA, and Weinberg JA. The lymphatics in cancer.
Philadelphia: W.B. Saunders Company, 1972.

18. Giuliano AE, Kirgan DM, Guenther JM, Morton DL. Lymphatic mapping and sentinel
lymphadenectomy for breast cancer. Ann Surg 1994;220:391-8.

19. Krag DN, Weaver DL, Alex JC, Fairbank JT. Surgical resection and radiolocalization of the
sentinel lymph node in breast cancer using a gamma probe. Surg Oncol 1993;2:335-9.

20. Giuliano AE. Mapping a pathway for axillary staging: a personal perspective on the current status
of sentinel lymph node dissection for breast cancer. Arch Surg 1999;134:195-9.

21. Turner RR, Ollila DW, Krasne DL, Giuliano AE. Histopathologic validation of the sentinel lymph
node hypothesis for breast carcinoma. Ann Surg 1997;226:271-8.

22. Hsueh EC, Turner RR, Glass EC, et al. Sentinel node biopsy in breast cancer. J Am Coll Surg
1999;189:207-13.

23. Giuliano AE, Haigh PI, Brennan MB, et al. Prospective observational study of sentinel
lymphadenectomy without further axillary dissection in patients with sentinel node-negative
breast cancer. J Clin Oncol 2000;18:2553-9.





CHAPTER THREE

The Definition of a Sentinel Node

O.E. Nieweg, P.J. Tanis, B.B.R. Kroon
Department of Surgery, The Netherlands Cancer Institute / Antoni van

Leeuwenhoek Hospital, Amsterdam, the Netherlands

Ann Surg Oncol 2001; 8: 538-541



Chapter III22

ymphatic mapping with sentinel node biopsy is one of the most interesting
recent developments in surgical oncology. This approach allows patients
with lymph node metastasis to be treated in an early phase without
submitting other patients to unnecessary regional lymph node dissection.

The urologist Ramon Cabañas was one of the first persons to use the name "sentinel
lymph node".1 He suggested in 1977 that squamous cell carcinoma of the penis initially
drains to a particular lymph node in the groin that is defined by its constant anatomic
position. For penile cancer this assumption appears plausible, because penile cancer is
always located in the exact same part of the body, quite unlike the situation in breast
cancer and in melanoma. Donald L. Morton, surgeon at the John Wayne Cancer Centre
in Santa Monica, and his pathologist Alistair J. Cochran from UCLA proposed in the
late 1980´s the innovative concept of "lymphatic mapping with sentinel lymph node
biopsy" for melanoma.2 They suggested that the node to receive direct drainage from a
melanoma could be any one node in a particular lymph node field, depending on the
location of the primary lesion and with a certain individual variability. By suggesting
that other lymph nodes would become involved in a later phase, they revived William
S. Halsted´s (1852-1922) concept of sequential lymphatic dissemination.3

Lately, Morton’s original definition of a sentinel node is becoming the source of
confusion.4-6 Morton stated: a sentinel node is the initial lymph node upon which the
primary tumour drains.2 In other words, the sentinel node (first-tier node, first-
echelon node) is the lymph node on the direct drainage pathway from the primary
tumour (figure 1). Some investigators have changed the definition and have come up
with their own definitions.7-10 This is understandable, since specialists from different
fields are involved and everybody is looking at this development from his or her
own background and perspective. The purpose of this paper is to discuss these
various definitions and to suggest a practical way to apply this information in the
clinical situation.

Figure 1. The sentinel lymph node (SN) is the lymph node that receives direct drainage from the primary lesion.
Second-tier and third-tier nodes receive drainage in a later phase.

2nd

2nd

3rd

3rd

SN



Definition of a sentinel node 23

Definitions based on lymph node location 

It has been reported that some investigators define the sentinel node as the lymph
node closest to the primary lesion.11 This anatomical definition does not take into
consideration the physiology of lymph drainage. The node closest to the primary
tumour is the first one to be involved only when it receives direct drainage from the
injection site (figure 2).

Figure 2. Lymph from the primary tumour region does not necessarily travel to the nearest lymph node.

Definitions based on lymphoscintigraphy interpretation 

Early lymphoscintigraphy immediately following injection of the tracer visualises
the drainage pattern by delineating lymphatic channels and lymph nodes
(“dynamic” or “flow“ imaging). The radioactivity is cleared from the lymphatic
channels and the late (static) images depict the lymph node(s) that contain the tracer.
Most of the radioactivity stays behind at the injection site. Some investigators in the
field of nuclear medicine define the sentinel node as the first lymph node that
becomes visible on the lymphoscintigraphic images. Although the first node that is
depicted is a sentinel node, this definition does not acknowledge the fact that more
sentinel nodes than a single one can be present. Dynamic scintigraphy and
intraoperative blue dye mapping have made that clear. Sometimes there are two
lymphatic channels originating in the region of the primary tumour and running to
two different lymph nodes (figure 3). One of the two may be depicted on the
scintigraphy images before the other. This does not imply that that other node is not
a sentinel node. Both nodes are on a direct drainage pathway and tumour cells can
travel through either duct and go to either node. There may even be more sentinel
nodes than two. All these first-tier nodes should be harvested and examined by the
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pathologist. Therefore, the definition of the sentinel node being the first node to be
visualised is too narrow: too few nodes are labelled sentinel node and metastases
may be missed.

Figure 3. Two lymphatic channels originating in the primary tumour running to two different sentinel lymph
nodes (SN).

It is not unusual to see multiple lymph nodes light up on the lymphoscintigraphic
images. Faced with that situation, some surgeons tend to regard only the ‘hottest’
node as the sentinel node. That definition has several drawbacks. As indicated
above, there can be more nodes than one to receive direct drainage from a tumour
site. Furthermore, the amount of tracer that is accumulated by a node not only
depends on its position in the drainage order but also on the number of lymphatic
channels that enter the node and on parameters such as lymph flow rate. One of the
reasons for a node to receive a sparse lymph supply is that the flow to that particular
node is hampered by metastatic disease obstructing its ingress! This phenomenon is
illustrated by a recent study of 176 patients: the positive node was the most
radioactive node in only 60% of those in whom more than one sentinel node was
identified.12 The size of the node is another parameter that determines the amount of
radioactivity that is accumulated.
Another relevant point is that the brightness of a node on the images not only
depends on the amount of radionuclide in that node but also on its distance to the
gamma camera. When two nodes containing an equal amount of a radionuclide are
situated at a different depth, the node closest to the gamma camera will be depicted
as the hottest (figure 4). Scatter and absorption explain this phenomenon: the
brightness decreases with increasing distance. When two nodes not only have
different depths but also different latitudes, one may be the hottest in the anterior
view and the other one in the lateral view. So, there are a number of reasons not to
use its brightness on the scintigram to decide whether a lymph node is a sentinel
node.
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Figure 4. Inverse square law of physics. A sentinel node that contains twice as much 99mTc as a second-tier
node will appear less bright on the scintigraphic image when the distance between that node and the gamma
camera is twice the distance between the second-tier node and the camera.

Definitions based on use of the probe 

A gamma ray detection probe can be used to identify a sentinel node
intraoperatively. Some surgeons assume that every radioactive node that can be
identified with the gamma ray detection probe is a sentinel node and define a
sentinel node as a radioactive node. This point of view does not acknowledge the
fact that some of the tracer may pass through the first-tier lymph node and lodge in
secondary nodes that are not directly at risk of harbouring metastatic disease. So,
this definition is too broad: too many nodes are removed. There are surgeons who at
times remove up to fourteen radioactive nodes from a single lymphatic field and
submit these as “sentinel” nodes! Whether an extensive exploration to recover that
many lymph nodes is a more conservative procedure than a standard regional node
dissection is questionable.
A more refined approach is to define a sentinel node as a node that contains a certain
times as much radioactivity as the background: the sentinel node-to-background ratio.
The amount of radioactivity that is accumulated in a lymph node depends on a
number of factors some of which are associated with the type of colloid particles that
are used, like their size, their surface characteristics and stability. The size of the
lymph node, macrophage avidity for the tracer and the lymph flow rate clearly play
a role as well. Lymph flow depends on factors like physical exercise, medication,
massaging of the injection site and hydration of the patient. Because so many
parameters are involved, it is not surprising that tracer uptake in a sentinel node is
highly variable. In a study of 60 melanoma patients, uptake in the sentinel node
ranged from 0.0013% to 6.8% of the injected tracer dosage.13 In breast cancer, the 95%
uptake range was shown to be 0.001% to 2.5% of the injected dose.14

The background count rate is also not the solid denominator it appears to be. Where
is the probe placed to determine the background? Most surgeons obtain a
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background reading within the lymphatic field. This is notoriously variable and
depends on the distance to the radioactive node, the distance to the injection site and
the angle at which the device is held. A background reading with a shield applied to
the probe is considerably higher than a reading obtained with a collimator applied.
A reading without shield or collimator is even higher.
Defining the sentinel node based on the sentinel node-to-non-sentinel node ratio also
has its drawbacks. This approach implies that one has to find a non-sentinel node
first and than check the other nodes with the probe to determine whether they
exceed the designated count rate. Additional exploration is performed and this
approach also requires a definition of the characteristics of a non-sentinel node. How
many counts are acceptable for a node to be considered non-sentinel node? When we
add to these considerations the notion that 15% to 30% of the lymph nodes on a
direct drainage pathway from a primary breast cancer are not radioactive at all, one
cannot but conclude that the definition of a sentinel node be better not based solely
on factors measurable with the gamma ray detection probe.15,16

Definitions based on use of the vital dye 

Some surgeons remove every lymph node that is stained blue based on the
definition of a sentinel node being a blue node. Again, this point of view does not
acknowledge the fact that some of the tracer may pass through the first-tier lymph
node and stain secondary nodes.
Occasionally, one is faced with a blue stained lymphatic duct leading up to a lymph
node that is not blue itself. Usually a few minutes of patience will be enough for the
node to become at least partly stained. However, that may not happen. The ingress
of lymph may be obstructed or the lymph flow may have stopped because the duct
has suffered damage upstream. It seems reasonable to consider such an unstained
node a sentinel node. Occasionally, a lymphatic vessel runs through the lymph node
or over its surface without discharging its contents into that node.17

Concluding remarks 

The sentinel node is not a “blue node” or a “node with a certain amount of
radioactivity”. These characteristics are simply reflections of the technology that is
applied to gain insight in the physiology of lymphatic drainage.5 Morton’s original
definition that a sentinel node is ”the first lymph node that receives afferent
lymphatic drainage from a primary tumour” best reflects the concept of step-wise
spread of cancer through the lymphatic system. However, this definition is based on
the concept and it is not always of help when the nuclear medicine physician and the
surgeon find themselves confronted with a clinical situation that is not as clear-cut as
the theory would suggest. Although excellent results have been described using blue
dye or a probe alone, the most practical approach is probably to use all the available
detection techniques in the repertoire. The scintigraphy images indicate the area to
explore. The gamma ray detection probe can pinpoint the location of radioactive
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nodes. Careful dissection of the blue lymphatic channels lays out the drainage
pattern and identifies the node(s) that receive drainage directly from the primary
lesion. When the blue dye approach fails, it is best to err on the safe side and remove
the radioactive nodes that potentially receive direct drainage from the primary
lesion site.
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he introduction of lymphatic mapping with sentinel node biopsy has evoked
a renewed interest in the anatomy and physiology of the lymphatic system
of the breast. In an increasing number of hospitals, lymphatic mapping with
sentinel node biopsy is an essential component of staging patients with

breast cancer. Several aspects of mammary lymphatic drainage are unclear, causing
significant differences in the technique of sentinel node biopsy among both nuclear
medicine physicians and surgeons. The choice of a certain injection type and the time
of scintigraphic imaging or surgery are based on theories about the structure of the
lymphatic network, theories about particle uptake into lymph channels and about
lymph flow. The purposes of this article are to review current knowledge on the
anatomy and physiology of the lymphatic system of the breast, to translate this into
implications for the clinical practice of lymphatic mapping, and to point out areas of
controversy.

General anatomy and physiology of the lymphatic system 

Lymph is absorbed from the interstitial space into blind-ending lymphatic
capillaries. Lymphatic capillaries are 10 to 50 µm in diameter and consist of a single
layer of endothelial cells with a discontinuous basement membrane.1 Overlapping
interendothelial junctions function as valves with openings that are 10 to 25 nm
wide, permitting the entrance of small particles. Pinocytosis may be responsible for
the vesicular transport of larger particles through the endothelium. Collagen
filaments anchored to the surrounding connective tissue prevent the collapse of
lymphatic capillaries.
The filling of lymphatic capillaries can be explained by the osmotic pressure gradient
and by fluctuating intraluminal pressures caused by contractions and forward flow
of lymph.1,2 Lymph formation, active contractions and external pressures generate
lymph flow. Peristalsis occurs at 10 to 15 contractions per minute by longitudinal
and circular layers of smooth muscle in the media. Peristalsis is regulated by filling
pressure, humoral mediators (serotonin, prostaglandins) and neural mechanisms.3 A
transmural distending pressure of 2-4 cm H2O is required for these contractions
which spread at a velocity of 4-5 mm/s. The flow is unidirectional because of the
lymphatic valves. Sustained external pressure reduces the flow speed and
intermittent external pressure enhances it.
Lymphatic capillaries drain into collecting lymphatic vessels, which in turn drain
into a lymph node. The afferent vessels drain into a marginal sinus and subsequently
into medullary sinuses between the germinal centres. These centres contain large
numbers of phagocytic cells that accumulate protein colloids, such as the radio
labelled tracers, but not vital dyes. The plexus within the lymph node drains to the
efferent lymphatic vessel, which joins the artery and vein in the hilum. Direct
drainage of the marginal sinus into the efferent vessel also exists. Ludwig
demonstrated two main types of relationship between lymph vessels and lymph
nodes.4 In the first type, the lymph node receives lymph from the afferent duct,
filters it and then discharges it into the efferent channel. In the other type, the
lymphatic vessel runs through the lymph node or over its surface without
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discharging its contents into that node (figure 1). This means that the first lymph
node to which the afferent channel runs is not always directly at risk of harbouring
tumour cells, which may be one of the explanations of a false negative sentinel node.
The lymph of the entire body is collected in several large trunks that drain into the
venous circulation. The lymph flow of the entire body amounts to 2 to 4 L/day in
rest but varies with a diurnal rhythm and according to physiologic needs.3,5

Figure 1. The different rela-
tionships between lymphatic
vessels and lymph nodes
according to Ludwig.4 Affe-
rent lymphatic ducts on the
left discharge their contents
into the marginal sinus. One
lymphatic duct runs through
the node on the right and
another over its surface
bypassing the germinal
centres (Drawing: PJ Tanis).

Lymphatics of the breast 

The anatomy of the lymphatic system of the mammary gland has been studied for
several centuries. The history of the lymphatic system of the breast has been
described in detail by Haagensen.6 At the end of the eighteenth century, Cruikshank
and Mascagni independently described two main lymphatic drainage routes of the
breast: an external system and an internal system.7,8 The external route from the
nipple, the integuments and the lactiferous tubules was shown to run to the axilla.
The internal route from the dorsal part of the breast was thought to perforate the
pectoral and intercostal muscles. Within in the intercostal spaces, these lymphatics
were seen to subsequently join the plexus coming from the liver and the diaphragm
and then run on each side of the internal mammary artery and veins.
In the 1830’s, Sappey performed a more thorough study using mercury injection into
the lymphatic channels.9 He concluded that most breast tissue drains centripetally
into the subareolar plexus and then on to the axilla. These findings were later
confirmed by Rouvière and Grant.10,11 Around the end of the nineteenth century and
the beginning of the twentieth century, anatomists gained more knowledge of the
mammary lymphatics using post-mortem injections of various tracer fluids.
Evidence was presented that Sappey’s concept is incomplete and that additional
lymphatic routes exist.6
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Figure 2. The arrangement of the lymphatics of the breast schematically drawn in a transverse plane. Lymphatic
capillaries arise from the breast lobules, leave the posterior surface of the breast and run to axillary, internal
mammary chain, and interpectoral lymph nodes accompanying perforating blood vessels. a = nipple lymphatics;
b = subareolar lymphatic plexus; c = areolar lymphatics; d = collecting lymphatic trunks along the lactiferous
ducts; e = lactiferous sinus; f = lactiferous duct; g = intramammary lymph node; h = superficial dermal
lymphatics; i = subcutaneous lymphatic plexus; j = internal mammary chain node; k = internal mammary artery; l
= internal mammary vein; m = sternum; n = internal intercostal muscle; o = external intercostal muscle; p= major
pectoral muscle; q = minor pectoral muscle; r = breast tumor; s = interpectoral lymph node; t = anterior serratus
muscle; u = axillary lymph node (Drawing: PJ Tanis).

A Dutch physician named Camper was the first to identify lymphatic drainage to
lymph nodes along the internal mammary vessels in 1770.12 These nodes extend
upwards from the fifth intercostal space to the retroclavicular glands. Injection
studies with vital dyes showed that the internal mammary nodes receive their
lymph from deep lymphatics.6,13,14 These lymphatics arise from the breast lobules,
leave the posterior surface of the breast and pass through the pectoral and intercostal
muscles to reach the internal mammary chain (figure 2).
Knowledge increased in the twentieth century by using new techniques such as
autoradiography of surgical specimens with radioisotopes. In the 1950’s, colloidal
gold 198 with a particle size of about 5 nm was injected into the breast
parenchyma.14,15 Turner-Warwick stated that ipsilateral axillary lymph nodes receive
more than 75% of the lymph of the breast using this technique.14 Hultborn, Vendrell-
Torné and Turner-Warwick confirmed that the ipsilateral internal mammary chain
undoubtedly represents another important pathway of lymph drainage from both
the lateral and medial halves of the breast.14-16

Other less common drainage routes have been described. Lymphatics sometimes
pass through lymph nodes on their way to the axilla or internal mammary chain, so-
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called interval nodes (figure 2). These are the interpectoral nodes as described by
Grossman and Rotter or lymph nodes in the breast parenchyma (intramammarian or
paramammarian nodes) as observed by Cruikshank and Gerota.7,17-19 Mornard first
described occasional direct drainage from the breast parenchyma to supraclavicular
nodes.20 Retrosternal lymphatic drainage to the contralateral internal mammary
chain occurs sporadically.10 Subcutaneous drainage to the contralateral axilla is
unlikely to occur before the ipsilateral drainage is impaired by lymphatic obstruction
caused by tumour growth, previous surgery, or irradiation.21 Blockage of normal
lymph flow can also cause drainage in a retrograde direction to the liver via the
internal mammary chain.6 The posterior intercostal lymph nodes have been shown
to receive lymph from the breast in a small proportion of patients.14 Caplan
described drainage to the anterior intercostal nodes.22

Course of lymph flow  

It is uniformly accepted that drainage from the breast can occur to lymph nodes at a
number of different sites. There is also consensus that the axilla is the main basin for
lymphatic drainage from the breast. However, no agreement exists about the course
of lymph flow between the breast tissue and the nodal basins. Turner-Warwick
suggested that the lymphatics run within the breast parenchyma and drain directly
to the axilla.14 He stated that the importance of the subareolar plexus in the resting
breast parenchyma had been overemphasised by Sappey and Rouvière and he
indicated why earlier investigators were misled.14 Filling of the lactiferous system
with tracer using random injections and observations in a lactating breast and infant
cadavers had been confounding factors. Spratt stated that the lymphatics paralleling
the lactiferous ducts are equivalent to the vertical lymphatics that connect the
subepithelial and subdermal lymphatics.23 Their valve structure may be similar and
lymph flow will be from superficial to deep. In a study of mastectomy specimens, we
never found lymphatic channels from the tumour pass through the subareolar
plexus before heading to the axilla.24 Our lymphoscintigraphy experience points in
the same direction. Following injection of technetium-99m (99mTc) labelled
nanocolloid into the breast carcinoma, a lymphatic channel is typically depicted
running a direct course from the tumour to the axilla (Figure 3). Rarely, a curved
lymphatic channel with an indirect course is visualised, but there is certainly no
constant route via the subareolar plexus (Figure 4). Although Sappey’s view of
drainage of the breast parenchyma through a subareolar plexus to the axilla is
supported in the current literature, Turner-Warwick, Spratt and we believe that
direct drainage from the breast to the axilla is the rule.25,26

Clinical implications 

Tracer uptake and lymph flow

The structure of the lymphatic system has implications for the choice of labelled
colloid. Colloids with a small particle size (eg, antimony trisulfide, 3 to 12 nm) can
rapidly pass the openings of the interendothelial junctions (10 to 25 nm) and often
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visualise the lymphatic channels leading directly to the sentinel node. A
disadvantage of these small particles is that phagocytic cells in a sentinel node often
cannot trap them all, so that some of the tracer moves on to lodge in secondary
nodes. Larger particles (e.g. unfiltered sulfur colloid, 50-1000 nm) enter the
lymphatic channels more slowly through pinocytosis. The channel is visualised less
often but the tracer travels on to secondary nodes less frequently. Even larger
particles do not migrate from the injection site. The optimum size is probably
between 10 and 100 nm.27,28

Figure 3. The lymphatic route between the
tumour and the lymph node has a direct course
in most patients. A: Lymphoscintigraphy using
99mTc-nanocolloid with direct drainage from the
tumour (T) in the upper medial quadrant to an
axillary lymph node. B: Three separate
lymphatics to three axillary sentinel nodes, each
running on a different level, are visualised in a
patient with a tumour in the lower lateral
quadrant. Another sentinel node is situated in
the breast tissue just lateral from the tumour
(arrow). C and D: Anterior and right lateral view
of three lymphatic ducts from a central tumour to
an internal mammary chain node (arrow) in the
fourth intercostal space and to two axillary
sentinel nodes.

Figure 4. In some patients, an indirect drainage
pattern is visualised with a highly variable
course. A and B: An anterior and left lateral view
show one lymphatic vessel (open arrow)
originating at the medial-anterior surface of a
tumour (T) in the subareolar area and running
with an S-shaped course to an axillary lymph
node. Another lymphatic channel (solid arrow)
arises from the posterior surface of the tumour,
runs to the deep part of the breast and drains
into an internal mammary chain node. C and D:
Anterior and left lateral view of a lymphatic
channel (arrow) running from the medial-
posterior surface of a lower-lateral quadrant
tumour to a sentinel node in the axilla.
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The timing of scintigraphy must be chosen carefully, because lymphatic flow and
absorption of tracer are highly variable. Early static images at one hour after
injection fail to identify sentinel nodes in patients with a slow tracer uptake and
flow. Late images 18 to 24 hours after injection depict all radioactive nodes, but
discrimination between first- and second-tier nodes is more difficult at this time
because there is no visualisation of lymphatic channels. The sequential pattern of
filling of the lymphatic ducts and stepwise uptake of tracer in the first- and second-
echelon nodes can be visualised with multiple scintigraphic examinations between a
few minutes and a few hours after injection as used by Sandrucci, Veronesi,
Schneebaum, Canavese and Doting.29-33

Knowledge of the physiology makes it clear that lymph flow is guaranteed by a
delicate balance between pressures inside and outside the lymphatic vessel. This has
repercussions for the optimum volume of tracers. The volumes of radioisotope
injection described in literature range from 0.2 to 16 ml (tables 1 and 2). These
numbers differ a factor of 80, and this illustrates that we do not know the optimum
volume. The volumes of blue dye injection have a smaller range of 0.5 to 7.5 ml
(table 2). Investigators who use a small volume argue that they do not want to
disturb the physiology of lymph flow and that they want to avoid the risk of
visualising non-sentinel nodes. A small tracer volume does not disturb the pressure
equilibrium and results in 85 to 91% visualisation as shown by Mertz, Sandrucci,
Reuhl, Uren and Doting (tables 1 and 2). The sentinel node was visualised in 75 of
our last 76 patients (99%) using a small 0.2 ml volume of the tracer.

Table 1. Sentinel node biopsy techniques in breast cancer. Studies using radioactive isotope.

Author N Type of
colloid

Volume
(ml)

Dose
(mCi)

Injection
site

Scintigraphy
visualisation (%)

Drainage
IMC (%)

Identification
rate (%)

False-negative
rate (%)

Krag34 22 SC 0.5 0.4 PT ND NS 82 0
Schmidt35 30 SCf 16.0 0.8 PT 90 NS 97 0
Mertz36 32 SCf 0.4 0.05 PT 88 NS 97 10
Offodile37 41 DX 0.5 1.0 IT ND NS 98 0
Miner38 41 SC 4.0 1.0 PT ND 5 98 14
Mertz36 47 SCf 0.4 0.05 SA 85 NS 98 0
Crossin39 50 SC 4.0 1.0 PT ND NS 84 13
Rubio40 55 SC 4.0 1.0 PT ND 2 96 12
Snider41 80 SC 4.0 1.0 PT ND 1 88 7
Roumen42 83 NC 2.0 1.6 PT 80 11 69 4
Sandrucci29 84 HA 0.25 0.1 SD 90 NS 89 6
Reuhl43 96 NC 0.5 1.5 PT 91 2 80 18
Rull44 100 LS 2.0 0.3 PT NS 17* 97 5
Borgstein45 130 NC 4.0 1.1 PT 89 16† 94 5
Veronesi30 163 HA 0.2 0.2 SD NS NS 98 5
Zurrida46 376 HA 0.2 0.2 SD/PT NS 4 99 7
Krag47 443 SC 4.0 1.0 PT ND 4‡ 93 11

IMC=internal mammary chain, SC=sulfur colloid, SCf=filtered sulfur colloid, DX=dextran, NC=nanocolloid, LS=lymphoscint,
HA=human albumin colloid, PT=peritumoural, IT=intratumoural, SD=subdermal, SA=subareolar, ND=not done, NS=not
stated, †=also drainage to supraclavicular nodes (2%), ‡=also drainage to interpectoral (0.7%), intramammary (0.2%) and
supraclavicular sentinel nodes (0.2%), *=also drainage to intramammary nodes (4%)
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Table 2. Sentinel node biopsy techniques in breast cancer. Studies using radioactive isotope and blue dye.

First author N Type
of

colloid

Volume
isotope

(ml)

Dose
(mCi)

Injection
site of

isotope

Visualisa-
tion rate

(%)

IMC
(%)

Type
of dye

Volume
of dye
(ml)

Injection
site of
dye

Identifica-
tion rate

(%)

False-
negative
rate (%)

Schneebaum31 30 RC NS 1.6 NS 93 NS PB 2.0 NS 93 22

Borgstein25 33 NC NS 1.1 PT NS NS PB 0.5 ID 100 0

Liberman48 33 SC 4.0 0.3 PT/ ID 36 3 IS 4.0 PT 91 0

Barnwell49 42 SCf 1.0+3.0* 1.0 PT ND 0 IS 3.0+1.0 PT 90 0

Imoto50 58 HA/TC 2.5 1.1 SD 65 7 IC 5.0 SD 93 8-12

O’Hea51 59 SC 4.0 0.3 PT 75 11† IS 4.0 PT 93 13

Chatterjee52 60 NC NS 0.4 PT ND 2 PB 1.0 PT 97 5

Albertini53 62 SCf NS 0.4 PT ND 0 IS NS PT 92 0

van der Ent54 70 NC 4.0 10.0 PT 97 34 PB 0.5-2.0 PT/ ID 100 4

Jaderborg55 79 SC 2.0-6.0 0.3 PT NS NS IS 2.0-5.0 PT 81 5

Canavese32 99 MS/HA 0.1-0.3 0.3 PT/SD NS NS PB 1.0-2.0 PT/SD 96 15

Bedrosian56 104 SCf 6.0 1.0 PT NS >1 IS 4.0 PT 99 3

Hill57 104 SC/SCf NS 0.3 PT 40 17‡ IS 4.0 PT 93 11

Doting33 136 NC 0.2 1.4 IT 87 15§ PB 1.0 IT 93 5

Bass58 186 SCf 0.2 0.5 PT ND NS IS 5.0 PT 93 11

Cox59 466 SCf 6.0 0.5 PT NS NS IS 2.5-7.5 PT 94 1

Vol=volume, Inj=injection, IMC=internal mammary chain, SC=sulfur colloid, SCf=filtered sulfur colloid, RC=rhenium colloid,
NC=nanocolloid, HA=human albumin colloid, TC=tin colloid, MS=microcolloid sulfide, IS=isosulfan blue, PB=patent blue,
MB=methylene blue, IC=indigo carmine, PT=peritumoural, IT=intratumoural, SD=subdermal, ND=not done, NS=not stated,
*=colloid and dye together, †=also drainage to supraclavicular sentinel nodes (2%), ‡=also to supraclavicular sentinel node
(2%), §=also intramammary (3%) and interpectoral (2%)

Investigators using the larger volumes do want to change the physiology; they
intend to increase the lymph flow and thus increase the chance of visualising a
lymph node. Krag and associates reported a higher identification rate when the
volume was increased from less than 3 ml to more than 8 ml, but this study was not
carried out in a randomised fashion, and results are likely to improve with
increasing experience no matter what technique is used.60 Schmidt identified the
sentinel node in 90% of the patients with the combination of a high volume (16.0 ml),
filtered sulfur colloid and massaging of the injection site (table 2).35 From a
physiological point of view, high volumes may result in sustained external pressure
exceeding the transmural distending pressure required for uptake of the tracer and
lymph flow. On the other hand, the anchoring filaments pulling on the duct cells as a
result of interstitial fluid expansion may widen the clefts between ductal cells,
facilitating the entry of particles.60 A disadvantage of a large volume is an increased
diffusion zone at the injection site, which hamper scintigraphy and probe detection
of nodes nearby.61 Although tracer volume is a subject of controversy, detection rates
seem good with both small and larger volumes of tracer fluid.62

The amount of radioactivity that is accumulated in a lymph node does not only
depend on particle size and possibly the injected volume but also on a number of
other tracer parameters like radioactivity dose, the number of particles, their surface
characteristics and stability. Other factors can influence the pattern and speed of
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lymph drainage. Valdés Olmos found that the age of the patient was a significant
factor for sentinel node identification.63 Humoral mediators and neural mechanisms
play a role but these factors are beyond our control. Anaesthetic drugs may hamper
the uptake of blue dye. Halothane has been shown to decrease the lymph flow rate
by 25% to 59%.1 Hydration of the patient may be a factor. Patients typically come to
the operating room in a poorly hydrated state. It is conceivable that administration
of ample fluids before the tracer is injected increases the likelihood of finding a
sentinel node. Gentle massaging of the injection site is definitely an important
manoeuvre, because intermittent external pressure stimulates lymph flow.64

Injection site

As mentioned previously, different routes of tracer administration are being used in
the sentinel node procedure for breast cancer. The injection can be periareolar,
subareolar, intradermal or subcutaneous over the primary tumour site, peritumoural
and intratumoural (tables 1 and 2). The first four injection types are based on the
hypothesis that the breast and the overlying skin share the same lymphatic drainage
because the mammary gland is embryologically derived from the ectoderm. This
was suggested in a study that demonstrated a 100% concordance between
intradermal patent blue injection and peritumoural radioactive tracer injection.25

Anatomic studies have shown that the density of lymphatics is greater in the skin
than in breast parenchyma. This means that tracers are cleared more rapidly from
the skin than from parenchyma. Lymphatic channels are visualised almost without
exception following an intradermal injection, whereas this happens in 40% of our
patients following intraparenchymal administration. Visible lymphatic channels
allow one to better distinguish first-echelon nodes from higher-echelon nodes and
this is a definite advantage of the intradermal injection technique. Another
advantage is that one can choose the injection site anywhere in the skin of the breast
so that interference of scattered radiation with imaging or probe detection is kept to
a minimum and lymphatic mapping in non-palpable lesions is made easier. On the
other hand, it may be presumptuous to rely on the connections between collecting
lymphatic vessels from the skin and those originating at the tumour site and assume
that there is no lymphatic watershed in between.
An increasingly popular technique is subdermal or subcutaneous injection over the
primary tumour. This approach does not provide the certainty that the identified
lymph node is indeed the node that receives drainage from the primary tumour and
this approach is also hampered by the absence of a dense lymphatic network like the
one that is present in the skin. Despite these theoretical shortcomings, this technique
has provided good identification results of lymphatic mapping.29,30,32,46,50,65

Subareolar injection, based on Sappey’s concept, has also shown good results.36,66

Canavese and associates compared subdermal injection of radioisotope over the
tumour with subdermal or intraparenchymal injection away from the primary
tumour.67 Because of a high percentage of mismatches, they concluded that there is
not a sentinel node in the axillary basin that indiscriminately drains the entire breast.
Other authors such as Borgstein, Roumen, Mertz, Klimberg and Linehan tried to
determine the reliability of injection sites away from the primary tumour for axillary
staging.25,26,36,66,68,69 Often-used criteria for judging such comparative studies are
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identification rates and concordance with a ‘gold standard’ (peritumoural injection).
These are questionable criteria. Identification rate is multifactorially defined, as
already mentioned. Concordance when radioisotope and blue dye are injected at
different sites does not necessarily signify that the hypothesis is correct. Such a result
also depends on the different physiological behaviour of the two tracers or a
difference in injection technique by nuclear medicine physician and surgeon. Many
sentinel nodes are either blue or radioactive even when both tracers are
administered at the same site.33,59 Variation in lymphatic flow can be one of the
explanations of discordance after repeated radioisotope injection, as shown by
reproducibility studies in melanoma.70 Even the identification of the only tumour-
positive node with intradermal injection as described in a few patients by Borgstein,
Linehan, Roumen, Bourgeois and their colleagues is not the decisive evidence of the
accuracy of the technique.26,68,69,71 Hill described that a positive sentinel node was
only blue or radioactive with peritumoural injection of both blue dye and
radioisotope.57 The main point is that the sensitivity has not been firmly established
in all these studies. Confirmatory axillary dissection was not performed in all
patients and non-sentinel node evaluation was insufficient by modern standards
lacking step-sectioning and immunohistochemistry staining.
The implication of the injection site for identification of sentinel nodes outside the
axilla seems to be clearer. Drainage to internal mammary nodes is rarely seen after
intradermal or subdermal injection of radioisotope in breast cancer patients.50,66-68,72

Studies from the European Institute of Oncology in Milan nicely illustrate the
difference in visualisation of sentinel nodes outside the axilla after subdermal and
peritumoural injection. Veronesi and Zurrida from that institution found drainage to
internal mammary nodes after replacing routine subdermal injection by
peritumoural injection for deep lying tumours.30,46 Apparently, intradermal or
subcutaneous injections visualise the superficial lymphatic system running towards
the axilla but not the deep lymphatics that run to the internal mammary,
interpectoral or intramammary nodes. Internal mammary sentinel node
identification after peritumoural or intratumoural injection occurs in up to 35% of
the patients.33,45,51,54,57,73 Interpectoral and supraclavicular sentinel nodes are less
frequently seen (in about 2%) but only after intraparenchymal tracer
administration.45,47,51,57,73,74 Intramammary nodes were seen in 21 of 305 patients (7%)
according to our own experience with intralesional tracer administration, and in 4%
by Rull and colleagues with peritumoural injection.44 Sentinel nodes in all these
locations can be harvested and may contain relevant staging information.74,75

Summary and conclusions 

Knowledge of the anatomy and physiology of the lymphatic system are helpful
when considering a particular sentinel node biopsy technique. The delicate balance
between internal and external pressures in a lymphatic channel can be influenced by
the injection volume and by massage in a negative or positive way. The narrow
openings in the interendothelial junctions determine the speed of clearance of
particles with a certain size, and this has implications for the timing of lympho-
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scintigraphy and surgery. Tracer uptake and lymph flow are highly variable and
depend on a number of factors, some of which are beyond our control.
The lymphatic anatomy is not completely understood despite numerous studies
since the end of the eighteenth century. Several topics have been elucidated in more
recent studies and through experience with sentinel node biopsy. First, although
axillary drainage is the principle lymphatic path of the breast, any drainage pattern
from any quadrant of the breast can occur. Secondly, most lymph from the breast
flows to the nodal basins with a direct course, not passing through the subareolar
plexus. Another relevant point is that gentle massaging encourages lymph flow and
facilitates sentinel node detection.
What problems do we still face in clinical practice? The optimum size and number of
labelled colloid particles remain to be established. The optimum volume of the tracer
also remains to be determined. The main controversy concerns the injection site.
Although the intradermal injection technique has attractive practical features, there
is currently insufficient certainty that drainage of tracer injected anywhere in or
underneath the skin of the breast reflects drainage from the cancer. Connections
between collecting lymphatic vessels from the tumour site and the collecting vessels
from the skin and subdermal lymphatics can explain the concordance between
intraparenchymal and superficial injections in most patients.
To determine the technique that yields the best sentinel node identification rate with
the least possible false negative rate would require a large randomised trial with all
patients undergoing a completion lymph node dissection and evaluation of all other
axillary lymph nodes using serial sections and immunohistochemistry. Current
knowledge about sensitivity is based on examination of the other axillary nodes with
hematoxylin and eosin staining and not with immunohistochemistry, with the
exception of two studies.33,76 In addition, a complete level I to III dissection may not
have been done in all patients and it is not certain that pathologists removed and
examined all the nodes from the specimens. The proposed study seems impossible
now that routine axillary node dissection has been abandoned by the larger centres
around the world.
Choosing the most attractive approach comes down to determining the aim of
lymphatic mapping. A superficial injection technique may be adequate when the
purpose is to spare patients without lymph node metastases in the axilla an
unnecessary axillary node dissection. An intraparenchymal injection technique
should be used when the additional purpose is to determine the stage as accurately
as possible and, therefore, identify sentinel nodes elsewhere as well.
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ymphatic mapping indicates the draining regional lymph node basin(s) of
a primary tumour, the number of sentinel nodes and their exact location.
The use of a radiolabelled colloid with preoperative lymphoscintigraphy
and intraoperative detection with a gamma ray detection probe was added

to the blue dye technique to optimise the visualisation of all lymph nodes on a direct
drainage pathway.1 Lymphoscintigraphy enables identification of unexpected
drainage routes and is helpful in determining the exact number of sentinel nodes
and in distinguishing first- from second-tier nodes. Although sensitivity and inter-
observer variability of lymphoscintigraphy are reported to be favourable, various
other aspects also determine the accuracy of an imaging technique.2

Lymphoscintigraphy with 99mTechnetium(Tc)-nanocolloid for lymphatic mapping in
melanoma patients not always reflects the complete drainage pattern.3 In three of 25
patients (12%), the exact number of sentinel nodes could not be reproduced in a
repeat study. One may not assume that the results in the melanoma study can be
extrapolated to the breast cancer situation. There are many other factors at hand that
influence lymphoscintigraphy in breast cancer: the tumour is still in situ, a different
type of injection is applied and the lymphatic drainage of the breast is complex.
Because scintigraphy is a crucial part of lymphatic mapping, it was thought that
establishing its reproducibility in breast cancer patients is important.

Methods 

From November 2000 to October 2001, 25 patients with a clinically T1-2N0 breast
cancer were prospectively included in this study. Patients with a prior excisional
biopsy were not eligible. The mean age of the patients was 54 years (range 36 to 84
years). A preoperative diagnosis was obtained with the aid of physical examination,
mammography, ultrasonography and fine needle aspiration cytology or core biopsy.
The tumour was situated in the upper-outer quadrant in thirteen patients, the lower-
outer quadrant in two, the upper-inner quadrant in five, the lower-inner quadrant in
four patients and in the central part of the breast in the remaining patient. The
clinical stage was T1 in 19 women and T2 in 6 patients. Informed consent was
obtained from all patients, and the protocol of investigation was approved by the
Ethical Committee.

Imaging

The first lymphoscintigraphy was performed routinely the day before surgery.
Nanocolloid (Nanocoll, Amersham Cygne, Eindhoven, the Netherlands) with a
particle size less than 80 nm was labeled with 99mTc using a labeling dilution volume
of 2 ml. The average net administered dose was 131 MBq (range 111 to 156 MBq).
The tracer was injected into the tumour in an average volume of 0.2 ml. Anterior and
prone lateral (hanging breast) planar images with an acquisition time of five minutes
were obtained after 20 minutes 2 hours and 4 hours post-injection. Simultaneous
transmission scanning with a 57Cobalt(Co) flood source was used to facilitate
orientation. Images were produced using a dual head gamma camera (ADAC,
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Milpitas, CA, USA) with low energy high-resolution collimators. The location of the
sentinel node was marked on the skin using a 57Co-pen.
On the day of operation, a five-minute static image was obtained early in the
morning as a point of reference for the second injection. Subsequently, the above
described procedure was repeated in an identical fashion by the same investigator.
The mean time between first and second injection of the radiolabelled colloid was 23
hours (range 22 to 24 hours). The mean radioactivity dose of the second injection,
calculated on the basis of net administered doses, was 133 MBq (range 117 to 156
MBq). For practical reasons, the two-hour image was omitted during the repeated
lymphoscintigraphy. The timing of the last image was sometimes influenced by the
operating room schedule resulting in small differences with regard to time interval
between injection and last image in comparison to the first scintigraphy.

Data interpretation and statistical analysis

Images were evaluated with regard to similarity of draining lymph node basin and
location and number of sentinel nodes. Two observers evaluated independently the
paired scans. A hot spot was defined as sentinel node based on one or more of the
following criteria: visualisation of an afferent lymphatic channel, first appearance in
a sequential pattern or a single hot spot in a particular lymph node basin. The 95%
confidence interval of the calculated reproducibility was determined using the
binomial distribution.
Radioactive count rates of the visualised sentinel nodes were measured on five-
minute anterior images using the software linked to the gamma camera at three
points: last image of routine lymphoscintigraphy, starting-image before second
injection and last image of repeated scintigraphy. The count rate of hot spots
visualised during the second scintigraphy was corrected for differences in time-
interval between injection and last image, differences in net administered dose and
residual radioactivity. The correlation coefficient between the two scintigraphies was
calculated. In addition, the Bland Altman method was used to determine the amount
of agreement.4 A logarithmic data transformation was performed, because the
differences were proportional to the mean count rate. Analyses were performed with
Statistical Package for the Social Sciences software (SPSS, Chicago, Illinois, USA).

Figure 1. Lymphatic drainage
from a tumour (T) in the upper-
inner quadrant of the right
breast to two paramammary
nodes (Gerota's nodes) and
internal mammary chain nodes
as seen on the first lympho-
scintigraphy (A) as well as the
repeat lymphoscintigraphy (B).
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T T
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Results 

The visualisation rate of routine preoperative lymphoscintigraphy was 100%. A total
number of 50 sentinel nodes were depicted in 34 basins with a mean number of 2.0
(range 1 to 5) per patient and a mean number of 1.5 (range 1 to 3) per basin.
Lymphatic drainage exclusively to the axilla was observed in seventeen patients.
Seven patients had drainage to both the axilla and non-axillary basins: to the internal
mammary chain in five patients, to the infraclavicular fossa in one and to the internal
mammary chain as well as the infraclavicular fossa in one patient. One patient had
drainage exclusively to non-axillary sentinel nodes (figure 1).
The second scintigraphic study revealed the same drainage pattern in all 25 patients:
the same number of nodal basins and the same number of sentinel nodes were
visualised at identical locations (table 1; figure 2). This results in a reproducibility of
100% with a 95% lower confidence limit of 86%.

Table 1. Patient characteristics (N=25) and scintigraphy findings.

Patient Primary tumour First scintigraphy Second scintigraphy

No. Age location side cT stage dose (MBq) No. of
SNs

No. of
basins

dose
(MBq)

No. of SNs No. of
basins

1 52 LIQ R 1 111 3 2 138 3 2

2 56 UIQ L 1 151 1 1 124 1 1

3 51 UIQ R 1 156 5 2 147 5 2

4 36 UOQ L 1 156 1 1 156 1 1

5 41 UIQ R 2 123 2 2 135 2 2

6 51 UOQ R 1 126 1 1 129 1 1

7 49 LOQ L 1 130 2 2 135 2 2

8 66 UOQ R 1 128 3 1 117 3 1

9 59 UOQ L 2 111 2 1 134 2 1

10 42 UOQ R 2 134 2 1 135 2 1

11 52 UOQ R 1 130 1 1 131 1 1

12 65 UOQ R 1 125 1 1 130 1 1

13 53 LIQ L 1 140 2 1 135 2 1

14 67 LIQ L 1 123 1 1 127 1 1

15 66 UOQ L 1 118 1 1 139 1 1

16 48 UOQ L 1 120 3 3 129 3 3

17 48 UIQ L 1 127 4 2 135 4 2

18 39 LIQ L 1 134 2 2 137 2 2

19 49 UOQ R 2 138 3 1 132 3 1

20 79 UIQ L 1 135 1 1 127 1 1

21 37 UOQ R 1 131 3 2 151 3 2

22 37 LOQ R 1 130 1 1 128 1 1

23 51 UOQ L 2 141 1 1 130 1 1

24 73 UOQ L 1 115 2 1 119 2 1

25 84 C L 2 147 2 1 121 2 1

LIQ=lower-inner quadrant; UIQ=upper-inner quadrant; UOQ=upper-outer quadrant; LOQ=lower-outer quadrant; C=central
part of the breast; R=right; L=Left; SN=sentinel node
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Measurements could be obtained from 43 hot spots representing 50 sentinel nodes,
because some sentinel nodes were located to close to each other to measure them
separately. All these 43 hot spots visualised during routine lymphoscintigraphy
showed an increase of their radioactivity content after the second radiolabelled
colloid injection (figure 3).

Figure 2. Three paired scintigraphies showing lymphatic drainage from a primary tumour (T) to exactly the same
nodal basins and the same number of sentinel nodes: drainage to a single axillary sentinel node (A, B), drainage
to two axillary and two internal mammary chain sentinel nodes (C, D) and drainage to one axillary and two
internal mammary chain sentinel nodes (E, F). The variability of lymphatic flow and lymph node uptake is
illustrated in image C and D.

Figure 3. Count rate of each hot spot (N=43)
measured on five-minute images at three
points of time: late image of first scintigraphy
(1), starting-image just before the second
radiocolloid injection (2) and late image of
second scintigraphy (3).
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The paired count rates of each hot spot were plotted to determine the variability of
lymphatic flow and tracer uptake (figure 4). Pearson's correlation coefficient was 0.54
(P<0.001). The differences in count rates between the first and second scintigraphy
were plotted against their means after logarithmic transformation according to
Bland and Altman (figure 5). The mean difference was -0.024 and the standard
deviation 0.74 on the log scale. The 95% limits of agreement were -1.48 and 1.43
using these values. The antilogs of these values are 0.23 and 4.17 indicating that
count rates of repeat scintigraphy were 23% to 417% of the count rates of the first
scintigraphy in 95% of the cases.

Figure 4. Scatterplot showing the
correlation between the count
rates of each sentinel node as
measured at the time of the late
image of the first and second
lymphoscintigraphy (Pearson;
r=0.54, P<0.001). Count rates are
corrected for differences in ad-
ministered dose, for differences in
time interval between injection and
late image and for residual
radioactivity that was still present
during the second study.

Figure 5. Agreement of sentinel
node count rates by two lympho-
scintigraphies using the Bland and
Altman method after logarithmic
data transformation. The mean
difference in log count rate
between the first and second
scintigraphy and the 95% upper
and lower confidence limits are
illustrated by the dotted lines.
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Discussion 

The high reproducibility of lymphoscintigraphy for lymphatic mapping in breast
cancer found in the present study is in contrast to observations in melanoma. Table 2
shows a review of studies that assessed the reproducibility of lymphoscintigraphy.

Table 2. Review of the literature concerning reproducibility of lymphoscintigraphy.

First Author Malignancy N Reproducibility
(%)

Remarks

Kapteijn3 Melanoma 25 88 (70-97) Identical technique

Mudun5 Melanoma 13 85 (46-95) Identical technique

Bedrosian6 Melanoma 4 100 (40-100) Comparison of HSA and SC

Wong7 Melanoma/ SCC vulva 19 100 (82-100) Comparison of HSA and SC

Tonakie8 Melanoma 38 84 (70-93) Comparison of HSA and SC

Rettenbacher9 Melanoma 100 84 (77-90) Comparison of injection close to the primary tumour site
and injection at increased distance

Roumen10 Breast Cancer 99 78* (67-87) Comparison of intraparenchymal and intradermal injection

Present study Breast Cancer 25 100 (86-100) Identical technique

Numbers between brackets are 95% upper and lower confidence limits; * = Visualisation by both methods in 55 patients: 3
sequential mismatches, 9 regional mismatches; SCC = squamous cell carcinoma; HSA = human serum albumin; SC = sulfur
colloid

Only two investigators performed lymphoscintigraphy twice in an identical fashion
resulting in a reproducibility of 85% and 88%.3,5 Four possible explanations for the
limited reproducibility were considered in melanoma.3 The first explanation for the
different outcome were inevitable small variations in the site of injection and the
injected volume. The former aspect was studied by Rettenbacher and co-workers.9

Expanding the injection site-to-tumour distance from 2-5mm to 10mm resulted in an
increase of visualisation rate (93% to 100%) and visualisation of additional sentinel
nodes in 16% of the patients. One may question whether this resulted in a higher
accuracy.11 The second explanation was related to the characteristics of the tracer
such as particle size. A third explanation consisted of patient related factors like
previous exertion, body hydration, and variation in oncotic and hydrostatic pressure
of blood, which possibly play a role.12 Finally, the time interval between the two
scans could have resulted in discordance. The wound healing process after primary
excision of the melanoma may alter lymphatic drainage patterns.
Taking these explanations into account, the high reproducibility of breast cancer
lymphoscintigraphy for sentinel node identification in comparison to findings in
melanoma could have been predicted. A single intratumoural injection in a volume
ranging between 0.18 ml and 0.22 ml may be less liable to variation in comparison to
four injections at a certain distance from the scar of the primary excision in
melanoma. Breast cancer patients with prior surgical treatment were not eligible.
Thereby, disturbance of lymphatic drainage due to replacement of granulation tissue
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by more dense and compact fibrous tissue after surgical intervention was eliminated.
Several authors concluded that previous excisional biopsy in breast cancer has no
impact on the results of lymphatic mapping, but only secondary end-points have
been used in these studies.13,14 It would be interesting to compare results of paired
lymphoscintigraphies before and after excision of a breast carcinoma.
Some investigators have studied the effect of different radiopharmaceuticals on
lymphoscintigraphy.15,16,17 Three investigators evaluated paired scintigraphic studies
in melanoma using 99mTc human serum albumin and 99mTc sulfur colloid (table 1).7,6,8

Human serum albumin is a non-particulate tracer with rapid drainage. Sulfur colloid
has a relatively large particle-size and is characterised by slow flow and prolonged
nodal retention. Furthermore, it has been reported that sulfur colloid particle size
increases after approximately five hours.18 Wong et al. reported no discernible
differences in sentinel node localisation between these two tracers and Tonakie et al.
attributed a few observed discrepancies to a reduced tracer dose.7,8 The importance
of a sufficient tracer dose is in agreement with findings in mammary lymphoscinti-
graphy.19,20 Variation in the composition of the tracer with respect to particle size
may have repercussions for the reproducibility of the procedure although its role
seems to be minimal given the results of the previous mentioned studies. The
particles of 99mTc-nanocolloid as we use are less than 80 nm in size, which meets the
criteria for optimal inert colloids for interstitial lymphoscintigraphy.18 Further
investigation of different agents may be needed to exclude unfavourable
characteristics that can cause a variable outcome.
Variability in lymphatic drainage pattern is theoretically one of the explanations for
false-negative sentinel node procedures. The 100% concordance for nodal basins,
number of sentinel nodes as well as sentinel node location in the present study
reduces the likelihood of this explanation despite the fact that intra-individual
variability in radio-colloid uptake by the sentinel node was quite high. However,
discrepancy with the blue dye method occurs rather frequently.21,22,23 This may be
caused by the characteristics of the two tracers, the site of injection and the injected
volume. Blue dye can visualise an afferent lymphatic vessel leading to a sentinel
node without the need of being phagocytosed by that lymph node. Different
physicians usually perform injection of the radiolabelled colloid and blue dye
resulting in differences of injection technique. The injected volume of blue dye is
often greater than the volume of the radioisotope. But even with the addition of blue
dye, some sentinel nodes remain undetected with the risk of missing lymph node
metastases. One of the most important reasons for this phenomenon is probably that
a sentinel node is completely taken up by a metastasis prohibiting the inflow and
uptake of tracers.24,25,26

Conclusions 

Accuracy of lymphatic mapping is of utmost importance now that axillary node
dissection is omitted in sentinel-node-negative breast cancer patients. The need was
felt to learn more about the accuracy of lymphoscintigraphy, one of the corner stones
of lymphatic mapping. The current study shows that lymphoscintigraphy was
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reproducible in assessing axillary and non-axillary drainage in all 25 patients by
using intralesional tracer administration. The variability of lymphatic drainage is an
unlikely explanation for false-negative sentinel node procedures but more study is
needed to confirm this.
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s reported in a previous publication, improvement in the rate of sentinel
node visualisation by mammary lymphoscintigraphy was achieved at
doses higher than 65 MBq of 99mTc-nanocolloid.1 In spite of this
improvement in the overall visualisation rate, we have observed that

faint lymph node uptake is not infrequent, which may hamper adequate
identification of sentinel nodes by scintigraphy and subsequent intraoperative
localisation by the gamma probe. In this study, we examined an increase in the
concentration of colloid particles and further adjustment of the tracer dose in order
to optimise the visualisation of lymph nodes.
The influence of the number of colloid particles and the particle concentration on the
lymph node visualisation has received relatively little attention in the literature
about the sentinel node procedure in breast cancer. Most discussion has been
focused on the colloid particle size and the routes of administration.2-8 Various
factors such as advanced patient age, small tracer dose, large particle size, and
lymph node infiltration by tumour have been associated with reduced lymph node
uptake. There are also reasons to believe that an insufficient particle concentration
may become critical for adequate lymph node visualisation, particularly when the
intramammary (peri- or intratumoural) administration route is preferred.9,10 In
contrast with the cutaneous route, which is associated with a high and fast migration
rate of colloid particles from the injection site, intrammamary administration tends
to result in a more protracted particle transport towards the lymph node basins. An
enhancement of the colloid particle concentration would theoretically result in an
improved particle supply to mammary lymph capillaries, accompanied by increased
transport rate. The distribution into the lymph node probably becomes more
extensive by using more particles. Furthermore, the ingestion of particles by the
macrophages will be enhanced by increasing the particle concentration of the tracer
as the capacity of a phagocytic response of the macrophage membrane is
proportional to the number of presented particles.9

Against this background, the purpose of the current study was to compare the
efficacy of a protocol of enhanced particle concentration and further adjustment of
the tracer dose, with our standard procedure for identification of the sentinel lymph
node by lymphoscintigraphy.

Methods 

A total of 151 consecutive patients with proven breast cancer on the basis of clinical
examination, mammography and/or ultrasound as well as fine needle aspiration
cytology or histological core biopsy were evaluated. Only patients with an operable
palpable breast tumour and clinically lymph node negative axilla were included.
Patients with previous excisional biopsy, distant metastases or pregnancy were
excluded. Patients were divided in two groups (table 1). In group A, which included
the first 75 patients (mean age 54 years, range 27 to 83), a standard labelling of 0.5
mg nanocolloid (Amersham Cygne, Eindhoven, the Netherlands), with 99mTc was
used. The labelling dilution volume was reduced from 4 to 2 ml in group B, which
included the subsequent 76 patients (mean age 53 years, range 30 to 82).
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The average dosage, calculated on
the basis of net administered doses,
in group A was 93 MBq (range 57
to 130 MBq) and in group B 107
MBq (range 74 to 139 MBq). After a
single intratumoural injection of
0.2 ml, simultaneous anterior and
supine lateral dynamic 20-second
images of the affected region were
obtained during 10 minutes using a
dual-head gamma camera (ADAC,
Milpitas, CA, USA) with low-
energy high-resolution collimators.
Subsequently, 5-minute anterior
and prone lateral planar images
were obtained at 30 minutes, 2

hours and 4 hours with simultaneous trans-mission scanning using a 57Co flood
source. The location of the sentinel node was defined using 57Co markers and
indicated on the skin with ink. Criteria to dis-tinguish the sentinel node from
secondary lymph nodes were the visualisation of an afferent lymphatic vessel
leading from the injection site to the lymph node or, if no afferent vessels were seen,
the first lymph node appearing in each basin (figure 1). Lymph node uptake was
evaluated by consensus of two observers following a 4-step visual score (0=no
uptake, 1+= faint but clear, 2+= moderate/intense, 3+= very intense) as shown in
figure 2, and by quantification of counts at 4 hours in the first draining lymph node.
Quantification was performed as a rule on prone lateral images and on the basis of
region of interest analysis without background subtraction. Lymph vessels were
evaluated in relation to the time of visualisation (figure 3).

Figure 1. Anterior (A) and prone lateral (B)
images performed 2 hours after intratumoural
injection (T) of 99mTc-nanocolloid in the left
breast showing first draining nodes (arrows)
and afferent lymph vessels in the left axilla and
internal mammary chain. In another patient,
prone lateral images (C, D) show two separate
lymph vessels draining towards two axillary
sentinel nodes (arrows). Note in both cases
that the difference in uptake between sentinel
and second-echelon nodes is accentuated.

Table 1. Tumour staging and breast quadrant distribution

Group A (N=75) Group B (N=76)

Side
right 36 36
left 39 40

Tumour stage
cT1N0M0 49 53
cT2N0M0 26 22
cT3N0M0 0 1

Breast quadrant
upper-outer 38 36
upper-inner 17 11
lower-outer 8 13
lower-inner 4 2
central 8 14

A B

C D

T

T
T

T
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Figure 2. Anterior images of four
different patients obtained at 4 hours
after injection of 99mTc-nanocolloid
into the tumour (T). A) No lymph node
visualisation (score 0). B) Faint
radioactivity uptake (score 1+) in a left
axillary sentinel node (arrow). C)
Moderately intense uptake (score 2+)
in a left axillary sentinel node (arrow).
D) Very intense lymph node uptake
(score 3+) in the right axilla (arrow).

Figure 3. Right lateral images
showing drainage to the right axilla
with visualisation of one sentinel node
at 20 min (A) after injection of 99mTc-
nanocolloid (T) followed by filling of
various secondary lymph nodes at 2
hours (B). Note the persistent
visualisation of the afferent vessel. In
another patient, one first draining
lymph node (arrow) is observed at 20
min after injection (C) followed by
filling of two other, more caudally
located, axillary sentinel nodes (solid
arrows) with separate afferent
channels and 1 intra-mammary lymph
node (open arrow) after 4 hours (D).

The day after scintigraphy, 1 ml of patent blue dye (Blue Patenté V, Laboratoire
Guerbet, Aulnay-sous-Bois, France) was injected into the tumour shortly before
surgery. Subsequently, measurements were made over the skin marks with a
gamma-ray detection probe (Neoprobe 1500/2000, Neoprobe Corporation, Dublin,
Ohio) to confirm the location of the sentinel node as seen on scintigraphy and to
indicate the site of incision. If no sentinel nodes were seen on scintigraphy, the lower
axilla was explored. Sites other than the lower axilla were explored only when
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scintigraphy revealed sentinel nodes in these basins. Following a small skin incision,
the sentinel node was identified and removed after careful dissection of the afferent
blue vessel and after confirmation with the probe that the blue node was radioactive.
The sentinel node(s) and, in the case where lymph node dissection followed,
additional lymph nodes were separately submitted for microscopic evaluation which
included step-sectioning, hematoxylin and eosin staining as well as immuno-
histochemistry using CAM 5.2 (Becton Dickinson, San Jose, CA).
Statistical analysis was performed using the Wilcoxon rank-sum test for continuous
variables and the two-tail Fisher's exact test for categorial variables. The difference
between both groups was concluded to be statistically significant if the P-value was
less or equal to 0.05. The parameters analysed were visualisation rate, uptake
visualisation score, count rate of first draining node, number of identified and
removed sentinel nodes, and the findings of histopathology. Spearman's correlation
coefficient was used to evaluate the correlation between tracer dosage and lymph
node uptake.

Results 

 
Lymphatic drainage and sentinel node visualisation

In group A, sentinel nodes were visualised in 70 of 75 patients (93%). Drainage to the
lower axilla was seen in 67 of the 70 patients (96%) with lymph node visualisation.
Non-axillary drainage was seen in 13 patients (19%), in 10 of them towards the
internal mammary chain and in three towards the supra- and infraclavicular regions.
Exclusive internal mammary drainage was seen in one patient. Intramammary
lymph nodes were observed in 11 patients, in two of them without axillary drainage.
In group B, sentinel node visualisation rate was 99% (75 of 76 patients). Axillary
drainage was observed in 74 of 75 patients with lymph node visualisation (99%).
Non-axillary drainage was seen in 19 patients (25%), in 14 of them the internal
mammary chain and in five to the supra- or infraclavicular area. Intramammary
lymph nodes were depicted in 10 patients. Exclusive internal mammary drainage
occurred in one patient.

Time of visualisation and lymph channel depiction

In group A, lymph node visualisation before 30 minutes occurred in 38 patients
(51%), in 24 of them (32%) during the dynamic acquisition. Overall lymph vessel
visualisation rate was 35% (26 patients) with 32% at 30 min, 13% at 2 hours and 4%
at 4 hours. The number of visualised first-echelon nodes was 106; 95 of these nodes
were seen in the axilla. The number of second-echelon lymph nodes was 64, in 53
cases with axillary location.
In group B, the lymph node visualisation rate at 30 min was 59% (45 patients) and
during the dynamic study 41% (31 patients). Lymph channels were visualised in 40
patients (53%), with a rate of 38% at 30 min, 34% at 2 hours, and 26% at 4 hours
(figure 4). A total of 122 first echelon and 119 second-echelon lymph nodes were
visualised. In the axilla 104 first-echelon and 100 second-echelon nodes were
visualised.
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Lymph node uptake

For group A, visual lymph node uptake with a score of 0 was present in 7%, 33% had
1+, 35% had 2+, and 25% had 3+. For group B, rates were respectively 1%, 9%, 38%,
and 51% respectively (figure 5). The percentage of patients scoring 1+ was
significantly higher in group A (p<0.001) and in the category 3+ significantly higher
in group B (p=0.0001). With respect to lymph node uptake quantification, counts
were significantly higher for group B (p=0.0001) when tested as a continuous
variable. When looking at the different categories of counts, for group A less than
2000 counts per node were found in 45% of the cases, between 2000 and 5000 in 19%,
5000-10,000 in 9%, and more than 10,000 counts in 27% of the nodes. For group B the
distribution was 9%, 21%, 21%, and 49% respectively (figure 6). In the category
>10,000 counts the percentage was significantly higher (p<0.001) for group B
whereas in category <2000 the percentage was significantly higher for group A
(p<0.001). In the category 5000-10000 counts, the percentage was clearly higher for
group B but this difference was not significant (p=0.068).

Figure 4. Overview of lymph channel visualisation
showing that the overall higher rate of group B
(optimised 99mTc-nanocolloid injection, ■ ) is prin-
cipally based on the significant differences with
group A (standard 99mTc-nanocolloid injection, □ )
at 2 and 4 hours after tracer administration
(NS=not significant).

Figure 5. Overview of lymph node uptake score
showing significant differences in categories 1+
and 3+ between patients receiving standard
(group A, □ ) and optimised (group B, ■ ) 99mTc-
nanocolloid injections (NS=not significant).

Figure 6. Quantification of counts per first draining
node showing significant differences in categories
2000 counts or less and 10,000 counts or more
between patients receiving standard (group A, □ )
and optimised (group B, ■ ) 99mTc-nanocolloid
injections (NS=not significant).
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With respect to tracer dosage and uptake score, only the correlation coefficient for
group A (0.29) was significantly different from 0 (p=0.01); also the correlation
between dosage and counts for group A (0.34) was significantly different from 0
(p=0.002). In both cases, it did not indicate a strong positive correlation.

Surgical findings and histopathology

In group A, sentinel nodes were identified at surgery in 73 of 75 patients (97%) and a
total of 135 sentinel nodes were removed (mean 1.8 per patient, range 1 to 4). In the
axilla a total of 125 sentinel nodes were removed (mean 1.7 per patient). Sentinel
node metastases were found in 31 patients (41%): in 29 in the axilla, in one in both
axilla and internal mammary chain, and in one exclusively in the internal mammary
chain.
In group B, sentinel nodes were identified in all patients (100%) and a total of 153
sentinel nodes were removed (mean 2.0 per patient, range 1-5). From the axilla 126
sentinel nodes (mean 1.7 per patient) were removed. Sentinel node metastases were
found in 36 patients (47%): in 29 in the axilla, in 4 in both the axilla and internal
mammary region, in one exclusively in the internal mammary chain, and in 2
exclusively in intramammary lymph nodes.
The findings of surgery, histopathology and lymphoscintigraphy as well as
corresponding P-values are summarised in table 2.

Table 2. Results of surgery, histopathology and lymphoscintigraphy.

Group A Group B P-value

Mean age (years) 53 (27-83) 53 (30-82) NS

Mean net injected dose (MBq) 93 (57-130) 107 (74-139) 0.001

Lymph node visualisation rate 93% (70 / 75) 99% (75 / 76) NS

Lymph node uptake score

2+ 35% (26 / 75) 38% (29 / 76) NS

3+ 25% (19 / 75) 51% (39 / 76) 0.001

Counts per lymph node

5-10,000 9% (7 / 75) 21% (16 / 76) NS

> 10,000 27% (20 / 75) 49% (37 / 76) 0.001

Total visualised SNs 106 122 NS

Visualised axillary SNs 95 104 NS

Total visualised second-echelon nodes 64 119 0.001

Visualised second-echelon axillary lymph nodes 53 100 0.001

Lymph channel visualisation rate 35% (26 / 75) 53% (40 / 76) 0.0033

Surgical SN identification rate 97% (73 / 75) 100% (76 / 76) NS

Total removed SNs 135 153 NS

Removed axillary SNs 125 126 NS

Patients with SN metastases 41% (31 / 75) 47% (36 / 76) NS

Axillary metastases 39% (29 / 75) 38% (29 / 76) NS

SN=sentinel node; NS=not significant



Chapter VI62

Discussion 

In this comparative study, a sentinel node visualisation rate of 99% has been reached
by optimising the labelling protocol of 99mTc-nanocolloid. By enhancing the particle
concentration and adjusting the tracer dosage without increasing of the injection
volume (0.2ml), optimal sentinel lymph node visualisation was observed in almost
90% of the patients receiving adjusted tracer injections. Moreover, differences in
counts per sentinel node were significant and twice as many patients (70% vs. 36%)
with 5000 counts per node or more were found in the group receiving optimised
tracer injections. In this group, lymphoscintigraphies showing poor or absent lymph
node uptake were less than 10%. Although no significant differences were observed
with respect to the number of visualised sentinel nodes, the optimised protocol led
to the visualisation of more second-echelon lymph nodes. In spite of the
visualisation of more second-echelon nodes, the overall increase in uptake in the
first-draining lymph nodes as well as the visualisation of more lymphatic channels
enabled us to better distinguish sentinel nodes from second echelon nodes in the
group of patients receiving an optimised tracer dosage. In the group of patients
receiving adjusted tracer injections lymphatic vessels were visualised in more than
50% of the cases. Also the visualisation rate of channels at 2 and 4 hours was clearly
higher. This suggests an increased but also a more continuous transport of particles
from the injection site to lymph nodes.
More axillary and non-axillary sentinel nodes were visualised in the group with
optimised tracer injection but the difference with the control group was not
significant. In both groups the number of visualised sentinel nodes was
approximately 80% of the removed sentinel nodes. The finding of additional sentinel
nodes by the surgeon was mostly related to the limitations of scintigraphy to
visualise some sentinel nodes separately from other nodes or because a sentinel node
was blue and not radioactive. Also important is that no more axillary sentinel nodes
but clearly more non-axillary nodes were removed in the group receiving optimised
tracer injections (table 2). This was accompanied by an increased percentage of non-
axillary sentinel node metastases.
In a previous report, we found that the tracer dosage was a significant factor in the
sentinel lymph node visualisation.1 In the present study, together with a adjustment
of the tracer dosage, the enhancement of the particle concentration is very likely to
be a principal factor of improvement in visualisation of both sentinel node and
afferent lymph vessels. Theoretically, at least three aspects may explain this
improvement: an enhanced transport from injection site, a more extensive
distribution into the sentinel node, and an increased attachment and ingestion in
macrophages. By administering more particles there are more possibilities for
absorption through lymph capillaries and preliminary evidence has shown that the
more concentrated the injected colloid, the higher the activity extracted at the
injection site.10 Intranodal distribution of the tracer and the occupation of
reticuloendothelial binding sites may become more effective by extending
macrophage uptake possibilities into the nodal sinuses. Finally, macrophage
receptor-mediated phagocytosis of colloid particles may be improved by the
activation of an increased number of receptors. Also in the case of eventually
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binding-site saturation, it is possible to think that the continuous particle supply
from the injection site can enable ingestion of new particles after regeneration of
these absorbing sites.9

As emphasised in the literature, studies in which sentinel nodes are optimally
visualised contribute to a reduced extent of the surgical exploration.11,12 The lack of
standardisation together with the learning curve may be largely responsible for wide
variations reported from different institutions using the same sentinel procedure.13

The findings of our study show that also a continuous evaluation of the procedure in
the same institution is necessary. In this context, standardisation of aspects such as
tracer dosage and particle concentration is important. It is remarkable that in the
literature concerning sentinel nodes no details are given about the particle
concentration of the tracer and relatively little attention is given to the preparation of
the radiopharmaceutical for lymphoscintigraphy. Even in publications that give
recommendations for the sentinel node procedure in breast cancer, large ranges for
injection volumes but not for dilution volumes of radioactively labelled compounds
are mentioned.14,15

Conclusion 

Mammary lymphoscintigraphy by single intratumoural small-volume injection
adjusted for particle concentration and tracer dosage led to optimised visualisation
of both axillary and non-axillary lymph nodes in the majority of cases. Marked
improvement in sentinel node uptake and lymph vessel visualisation enabled a
better sentinel node identification.
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nitial publications about lymphatic mapping in breast cancer in the early
1990’s revealed an important development, resulting in the world-wide
application of this new staging procedure. The primary goal was to determine
the predictive value of the first draining lymph node for the status of the other

lymph nodes in the lymphatic basin.1 Numerous investigators reported their
identification rate and sensitivity during this validation process.2 Although
randomised trials comparing sentinel node biopsy and complete axillary lymph
node dissection are still in progress, many surgeons have already decided to omit
axillary clearance in sentinel node-negative patients. The first reports about long-
term follow-up in such patients are promising.3,4

The focus of attention is shifting to optimisation of the technique. A combined
technique using a radioactive tracer and blue dye has been shown to be preferable to
the use of a single agent.5 The optimal particle size, tracer dosage and injection
volume are still unknown. Other subjects of debate are patient eligibility criteria,
injection site of the tracer and the value of preoperative lymphoscintigraphy. The
last-mentioned is considered to be essential in our institute. Besides the fact that
lymphoscintigraphy is helpful to indicate the location and number of sentinel nodes
in the axilla and to discriminate first-tier from second-tier nodes, it is indispensable
for the detection of extra-axillary sentinel nodes.6 However, lymphoscintigraphy is
only of value in patients with accumulation of radioactivity in a lymph node. The
purpose of this study was to analyse the occurrence of non-visualisation of sentinel
nodes on lymphoscintigrams in patients with breast cancer. In addition, methods to
visualise the sentinel node in a second attempt were evaluated and variables
associated with unsuccessful imaging were determined.

Materials and methods 

From January 1997 to April 2001, 501 sentinel node procedures were performed in
495 patients with a clinically T1-3N0 breast cancer (six bilateral tumours). Patients
were given a serial patient number in chronological order. Physicians from the
Departments of Nuclear Medicine and Surgery started from scratch in 1997,
although by that time experience had been gained with lymphatic mapping in 150
melanoma patients. A preoperative diagnosis was obtained by physical examination,
mammography, ultrasonography and fine needle aspiration cytology or core biopsy.
The mean age of the patients was 56 years (range 27 to 91 years). The tumour was
situated in the upper-outer quadrant in 251 patients, the lower-outer quadrant in 60,
the upper-inner quadrant in 114, the lower-inner quadrant in 30, and in the central
part of the breast in 46 patients. Patients with a prior excisional biopsy were
excluded. The primary tumour was palpable in 425 patients and clinically occult in
76. The mean tumour diameter as measured by the pathologist was 1.9 cm (range 0.3
to 8.0 cm). The pathological stage was carinoma in situ in eleven patients, T1 in 328
women, T2 in 159 and T3 in three patients. Invasive cancers included ductal
carcinoma in 408 women, lobular carcinoma in 50, and various other types in 32
patients. Routine confirmatory axillary lymph node dissection was omitted after the
82nd procedure. Complete axillary lymphadenectomy was performed in sentinel
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node-positive patients and in the event of non-identification of a sentinel node,
unless radiotherapy to the axilla was given.
The day before surgery, lymphoscintigraphy was performed after intratumoural
injection of nanocolloid (Amersham Cygne, Eindhoven, the Netherlands) labelled
with 99mTc (average net dose 102 MBq, range 42 to 159 MBq) in a volume of 0.2 ml.
The dose was systematically increased after the 112th patient from a mean dose of 62
MBq (standard deviation 10 MBq) to a mean dose of 113 MBq (standard deviation 19
MBq). A standard labelling dilution volume of 4 ml was used in the first 183
procedures and a labelling dilution volume of 2 ml was used in the next 318
procedures.7 Injection of the radiolabelled colloid was guided by ultrasound or
stereotaxis in non-palpable tumours. Immediately after injection, simultaneous
anterior and supine lateral dynamic lymphoscintigraphy (20 seconds images) was
performed during 10 to 20 minutes in the first 375 procedures. Images were obtained
using a dual-head gamma camera (ADAC, Milpitas, CA) with low energy high-
resolution collimators. In all study patients, five-minute anterior and prone lateral
(hanging breast) planar images were obtained after 20 minutes and 4 hours after
injection with simultaneous transmission scanning using a 57Co flood source. A two-
hour image was routinely added after the 152nd procedure. A hot spot was
considered to be a sentinel node if an afferent lymphatic channel was visualised, if
the hot spot was the first one seen in a sequential pattern, if the hot spot was the only
one in a particular lymph node basin or when a combination of criteria was present.
The location of the sentinel node was marked on the skin using a 57Co-pen.
Shortly before surgery, 1.0 ml of patent blue dye (Blue Patenté V, Laboratoire
Guerbet, Aulnay-sous-Bois, France) was injected into the tumour. In non-palpable
breast carcinomas, the blue dye was administered through a catheter placed over a
localisation wire and positioned in the centre of the tumour using ultrasound or
stereotaxis. The injection site was massaged. The sentinel node was identified and
harvested after careful dissection of blue lymphatic vessels and detection of
radioactivity with a gamma ray detection probe (Neoprobe 1500 and 2000, Johnson
& Johnson Medical, Hamburg, Germany). Histopathological assessment of the
sentinel nodes included serial sectioning at six levels and immunohistochemical
staining using CAM 5.2 (Becton Dickinson, San Jose, CA, USA).
Univariate analyses using the two-sample t -test and chi-square test were performed
to compare data of patients with visualisation of hot spots on the lymphoscinti-
graphy and data of those without visualisation. Logistic regression was used to
identify predictors and causative factors of non-visualisation. In a first analysis using
backward elimination, only variables potentially known at the time of lymphoscinti-
graphy were included, i.e., serial patient number, age, radioactivity dose, colloid
concentration, location of the tumour, its diameter and clinical presentation (occult
or palpable). Pathological characteristics were added in a second model to identify
additional causative factors. These variables included histological tumour grade,
lymph node status and total number of tumour-positive lymph nodes. Lymph node
status was based on either the sentinel node status or the axillary status to reduce
missing values. The sentinel node status was missing in patients without
identification of a sentinel node. The axillary status was missing in patients in whom
non-identification of an axillary sentinel node was not followed by axillary
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clearance. In some of these patients, identification of an extra-axillary sentinel node
obviated the need for axillary lymph node dissection and in the other patients
radiotherapy was given to the axilla. In both analyses, interval variables were used
as such, that is, no cut-off points were used to define categories for these variables.
However, linearity of the variables remaining in the last step was tested by adding
dummy variables indicating predefined categories. Odds ratios were used to
quantify strength of association. Analyses were performed with Statistical Package
for the Social Sciences software (SPSS, Chicago, Illinois, USA).

Results 

Routine lymphoscintigraphy visua-
lised at least one sentinel node in 449
of 501 procedures (90%; table 1). A
sentinel node was located in the
axilla in 318 patients (71%), outside
the axilla in 21 (5%) and in both the
axilla and non-axillary basins in 110
patients (24%). In nineteen of 52
patients whose sentinel nodes failed
to show, delayed imaging (median 8
hours post-injection, range 5 to 23
hours) without re-injection was
performed. An axillary hot spot was
depicted in four of these patients (21%) at 6, 8, 18 and 19 hours after injection. Eleven
patients received a repeat injection of the radiolabelled colloid (average net dose 116
MBq, range 95 to 137 MBq) after the 4-hour image. In six of them (55%), an axillary
sentinel node was visualised after all. The difference in visualisation rate between
delayed imaging with versus delayed imaging without repeated injection (55%
versus 21%) did not reach statistical significance (Fisher exact, P=0.108). Delayed
imaging or re-injection was not performed in 22 of 52 patients in whom no sentinel
node was visualised. Thus, the overall visualisation rate was 92% (Table 1). This
visualisation rate increased during the study period (Figure 1).

Figure 1. Overall visualisation
rate of lymphoscintigraphy in
eight consecutive groups of
patients.

Table 1. Sentinel node visualisation on preoperative
lymphoscintigraphy (N = 501).

Initial visualisation 449 (90%)

Initial non-visualisation 52 (10%)

Visualisation on late images 4

Non-visualisation on late images 15

Visualisation after repeat injection 6

Non-visualisation after repeat injection 5

No further study 22

Overall visualisation 459 (92%)

Overall non-visualisation 42 (8%)
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Sentinel nodes visualised on delayed images or after re-injection were surgically
identified in all ten patients. In the remaining 42 with unsuccessful imaging, the
axilla was explored using blue dye and a gamma ray detection probe. A sentinel
node was retrieved in 24 of these patients (57%), either in the axilla (n=22), or
between the pectoral muscles (n=1) or medial in the breast parenchyma during
mastectomy (n=1). A total number of 28 sentinel nodes were excised in these 24
patients. Three nodes (11%) were only radioactive, eighteen were only blue (64%)
and seven were both blue and radioactive (25%). The radioactive sentinel nodes that
were not visualised on the scintigraphy could be detected with the gamma ray
detection probe through the intact skin in only one of ten cases. In one of the patients
who underwent complete axillary lymph node dissection because the sentinel node
was not found, a radioactive lymph node was harvested when the specimen was
examined with the probe ex vivo. Eventually, a sentinel node was found in 34 of 52
patients (65%) without visualisation on routine lymphoscintigraphy. The sentinel
node was tumour-positive in 17 of these patients (50%). All tumour-positive sentinel
nodes were located in the axilla except for one that was situated between the
pectoral muscles. Tumour-positive sentinel nodes were only radioactive in 11%, only
blue in 53% and both blue and radioactive in 36%. In eighteen patients, sentinel node
biopsy failed after non-visualisation. Of these patients, fourteen underwent complete
axillary clearance, which revealed metastasis in six of them (43%), and four patients
received radiotherapy to the axilla.

Table 2. Characteristics of patients with and patients without visualisation of a sentinel node on routine
lymphoscinti-graphy. Means (standard deviation) or number of procedures (percentage) are given.

Visualisation
(n=449)

Non-visualisation
(n=52)

P-value

Serial patient number 256 (SD 142) 206 (SD 159) 0.018 *
Age (years) 55 (SD 12) 63 (SD 13) < 0.001 *
Tumour characteristics

Diameter (cm) 1.88 (SD 0.95) 1.80 (SD 0.90) 0.55 *
Grade III 105/414 (25%) 15/48 (31%) 0.38 †

Medial location 126/449 (28%) 18/52 (35%) 0.33 †

Medial or central location 169/449 (38%) 21/52 (40%) 0.70 †

Location outside upper-outer quadrant 226/449 (50%) 25/52 (48%) 0.76 †

Palpable lesion 382/449 (85%) 43/52 (83%) 0.65 †

Tracer characteristics
Tracer dose (MBq) 104 (SD 27) 86 (SD 30) < 0.001*
Increased colloid concentration 293/449 (65%) 25/52 (48%) 0.015 †

Intraoperative identification of the sentinel node 446/449 (99%) 34/52 (65%) <0.001 †

Lymph node status
Tumour-positive sentinel node 169/446 (38%) 17/34 (50%) 0.17 †

Tumour-positive axilla 164/440 (37%) 23/49 (48%) 0.19 †

Tumour-positive lymph node ‡ 175/449 (39%) 24/49 (49%) 0.18 †

Number of tumour-positive lymph nodes 0.9 (SD 2.0) 2.0 (SD 3.6) 0.002 *

SD=Standard deviation; *=Student’s t-test; †=Chi-squared test; ‡=Compound variable based on either the sentinel node
status or the result of complete axillary lymph node dissection.
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No regional recurrences were seen in the non-visualisation group after a median
follow-up of 19 months (range 3 to 49 months). Two patients with a sentinel node
metastasis and one patient with a tumour-negative sentinel node developed distant
metastases after 6, 36 and 11 months, respectively.
The visualisation group and non-visualisation group were compared with respect to
patient, tumour, tracer and lymph node characteristics (table 2). In univariate
analysis, a statistical significant difference (P < 0.05) was observed for the serial
patient number (P=0.018), age (P < 0.001), tracer dose (P < 0.001), colloid
concentration (P = 0.015), intraoperative identification rate (P < 0.001) and the
number of tumour-positive lymph nodes (P = 0.002). Independent predictors of non-
visualisation in the first logistic regression model were patient age (P < 0.001) and
tracer dose (P < 0.001; table 3). In the second regression model, the total number of
tumour-positive nodes remained in the last step (P=0.013), together with patient age
and tracer dose (table 4). Adding dummy variables did not provide additional
information and therefore linearity was not rejected for the variables age (P = 0.72),
tracer dose (P = 0.62) and total number of tumour-positive lymph nodes (P = 0.93).
The following calculations can be made using the odds ratios of these variables (table
4). A 46 year old patient has a 2.5% higher risk of non-visualisation than a 36 year
old patient. For a 76 year old patient compared to a 66 year old patient, this
additional risk is 11.6%. An increase in tracer dose from 62 to 72 MBq results in a
reduction in the non-visualisation rate of 5.6% and a reduction of 1.9% occurs
following an increase in radioactivity from 112 to 122 MBq. A patient with one
tumour-positive lymph node has a 1.3% higher risk of non-visualisation than a
patient without lymph node metastasis. This increased risk is 2.4% if five lymph
nodes are involved compared with four lymph node metastases.

Table 3. Logistic regression analysis of the occurrence of sentinel node visualisation on routine lymphoscinti-
graphy, including only variables potentially known at the time of imaging. Final result after backward stepwise
elimination (variable elimination with cut-off point of P > 0.10).

Variable (N=491) Parameter estimate
(SE)

P-value Odds ratio
(95% CI)

Age 0.064 (0.013) < 0.001 1.066 (1.038-1.094)

Radioactivity dose -0.029 (0.006) < 0.001 0.97 (0.96-0.98)

SE=Standard error; CI=Confidence interval

Table 4. Logistic regression analysis of the occurrence of sentinel node visualisation on routine lymphoscinti-
graphy, including all variables potentially associated with visualisation. Final result after backward stepwise
elimination (variable elimination with cut-off point of P > 0.10).

Variable (N=427) Parameter estimate
(SE)

P-value Odds ratio
(95% CI)

Age 0.066 (0.015) < 0.001 1.068 (1.037-1.099)

Radioactivity dose -0.030 (0.007) < 0.001 0.97 (0.96-0.98)

Total number of tumour-positive nodes 0.15 (0.062) 0.013 1.17 (1.033 – 1.32)

SE=Standard error; CI=Confidence interval
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Discussion 

This study shows that visualisation of a sentinel node on preoperative
lymphoscintigraphy is a strong predictor for its intraoperative identification (table
2). Hill et al. found that only a positive lymphoscintigraphy result is significantly
associated with successful surgical identification of a sentinel node.8 These
observations initiated our attempts to persevere when a sentinel node is not
visualised initially. The use of a two-day procedure enabled this approach. Delayed
imaging more than four hours after injection was of additional value in 21% of the
patients with non-visualisation on routine lymphoscintigraphy. More recently, we
introduced a repeat injection of 99mTc-nanocolloid at the same site and with the same
radioactivity dose followed by scintigraphy a few hours later. This resulted in
sentinel node visualisation in six out of eleven patients. These data suggest that
scintigraphy after more than four hours is more successful if combined with a repeat
injection of the radio-labelled colloid, although we cannot rule out the possibility
that the sentinel nodes would have been visible without re-injection. Other
investigators have explored various ways to stimulate lymph flow. Post-injection
massage significantly improves the uptake of blue dye and may also aid in the
uptake of the radiopharmaceutical by the sentinel node.9 Moffat et al. injected 40 ml
of saline solution around the tumour when lymphatic mapping with the gamma-ray
detection probe was unsuccessful.10 However, the influence of the injected volume
on lymph flow and the pressure equilibrium in the lymphatics is not clear.11 Krausz
and co-workers visualised a sentinel node in only 72% with a 4 ml injection and they
suggested that the large volume probably inhibited flow instead of increasing it.12

The small volume in our study (0.2 ml) was chosen to restrict disturbance to the
normal physiology to a minimum.
Exploration of the axilla after injection of blue dye revealed a sentinel node in 24 of
the 42 patients in whom no sentinel node was visualised. These sentinel nodes were
only blue in 64%. This confirms that the vital dye should be considered an essential
element of lymphatic mapping. Byrd and associates identified a sentinel node during
surgery in 21 of 47 patients who were unsuccessfully imaged by lymphoscinti-
graphy.13 The sentinel node was blue and radioactive in nine of these patients, only
blue in ten and only radioactive in two patients, which is comparable to the findings
in the present study. In a Swedish multicentre study, scintigraphy failed to identify a
sentinel node in 18% of 498 patients.14 A sentinel node could be detected by the
intraoperative use of a probe in 39% of the patients in this subgroup. These findings
illustrate the existence of a detection level for lymphoscintigraphy. The limited
discriminating power of lymphoscintigraphy is the most frequent reason for
discrepancies with surgical findings.15 Characteristics of the collimator and the
distance between the gamma camera and the patient may contribute to this technical
problem. The finding that some sentinel nodes were blue but not radioactive may be
explained by replacement of nodal phagocytes by tumour, by differences in
physiological behaviour between the two tracers and by variability in lymphatic
flow.
The effect of different injection sites on the visualisation rate could not be analysed
in this study, because intratumoural tracer injection was performed in all patients.
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Other investigators found a higher percentage of visualised hot spots when the
tracer was administered superficially in the dense lymphatic network of the skin or
in the subcutaneous tissue overlying the tumour. Mateos et al. found a visualisation
rate of 100% (36 of 36) using subdermal injection compared to 89% (39 of 44) after
peritumoural injection.16 Linehan et al. compared intraparenchymal and intradermal
administration of 99mTc-sulphur colloid in two groups of 100 patients each.17 They
observed no statistically significant difference in visualisation rate on preoperative
lymphoscintigraphy 50 to 60 minutes after injection (48% versus 54%), but a
significant difference in surgical identification rate was observed using the gamma-
ray detection probe (78% versus 97%). This was confirmed in a large multi-
institutional study involving 2206 patients.18 The intraoperative identification rates
in this last study using peritumoural, subdermal and intadermal injection were 90%,
95% and 98%, respectively. Although identification of a node is facilitated by a more
superficial injection technique, this may be at the expense of showing all nodes at a
direct drainage pathway from the primary tumour.11 Different radiotracers may also
influence the visualisation rate.19-21

In our univariate analysis, a high serial patient number, a larger tracer dose, a high
colloid concentration, a younger age, and a smaller number of tumour-positive
lymph nodes were parameters associated with visualisation. The lower mean serial
number in the non-visualisation group suggests the existence of a learning curve
(Figure 1). However, inter-variable correlation exists between the first three
variables, because a low radioactivity dose and a low colloid concentration were
used at the beginning of the study period. Multivariate analyses identified patient
age and tracer dose as independent predictive factors of visualisation, thereby
confirming our previous observations in the first 150 patients of the study
population.22 In addition, the total number of tumour-positive lymph nodes
independently affected the visualisation rate. The difference in the percentage of
patients with lymph node metastasis among the two groups was not statistically
significant. These findings suggest that it is not the presence or absence of lymph
node metastases that is related to sentinel node visualisation, but rather the amount
of tumour in the lymphatic basin. A higher tumour load may increase the risk of
blockage of lymphatic vessels or lymph nodes, which hampers transport and uptake
of the radioactive tracer.23

A study of 74 patients that looked at non-visualisation has recently been published.12

A high tumour grade was associated with an increased risk of non-visualisation in
univariate analysis. Multivariate analysis disclosed no independent relation with
patient age, tumour characteristics (size, site, histology, grade), prior excision biopsy
or time interval to surgery in this relatively small number of patients. In another
study, patient age and the number of tumour-positive lymph nodes differed
significantly between 99 patients with visualised sentinel nodes and 37 with non-
visualised sentinel nodes.24 Surprisingly, the percentage of sentinel node metastasis
was lower in the non-visualisation group. Dupont et al. analysed the radio-colloid
uptake by sentinel lymph nodes in 1356 breast cancer patients and found the count
rate to be inversely proportional to age.25 The odds of lymphatic mapping failure
increased by 2% for each year of age. A difference in visualisation rate between
glandulary breasts and fatty breasts (96% versus 71%) has been documented.26
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Because fatty breasts are typically found in postmenopausal women, this
observation may explain the relation between visualisation and patient age.
In parallel to scintigraphy studies, the likelihood of intraoperative sentinel node
identification decreases with increasing patient age.5,27-29 In analogy to our finding of
an association between the number of involved nodes and visualisation, Guenther
has also tried to find support for the hypothesis of tumour blockage as an
explanation for unsuccessful sentinel node identification.23 In univariate analysis, he
found a relation between the intraoperative identification rate and the presence of
extranodal invasion or complete nodal replacement. Comparable to the relation
between visualisation and radioactive dose found in the present study, Krag et al.
showed that the amount of radioactivity (< 37 MBq vs. ≥ 37 MBq) is associated with
technical success in finding a radioactive node.30 In contrast to visualisation on
lymphoscintigraphy, some studies have shown that surgical identification of the
sentinel node is less successful in patients with medial hemisphere primary
tumours.17,23,27 A number of investigators have studied the impact of prior excisional
biopsy on the identification rate.8,23,24,27-38 Five of fifteen breast cancer studies found a
higher percentage of unsuccessful sentinel node biopsy after previous tumour
excision than after fine-needle aspiration cytology or core biopsy. Other factors
shown to be associated with sentinel node biopsy failure are the surgeon’s
experience, body mass index, breast size, clinical axillary status, type of
radiopharmaceutical, injection volume, tumour size and time between injection of
radiocolloid and surgery.23,29-31,37,39,40

Conclusions 

Routine preoperative lymphoscintigraphy after intratumoural injection of 99mTc-
nanocolloid resulted in a visualisation rate of 90%. Delayed imaging more than four
hours after injection increases the visualisation rate and appears to be even more
successful if combined with re-injection of the radioactive tracer. Independent
factors associated with non-visualisation are age of the patient, tracer dose and total
number of tumour-positive lymph nodes. We, therefore, recommend a sufficient
amount of radioactivity (at least 100 MBq), particularly in elderly women. Even if no
sentinel node is visualised at all, it is worthwhile to explore the axilla. A sentinel
node is found in more than half of these patients. If a sentinel node is not found,
axillary lymph node dissection is recommended.
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adio-guided surgery of primary breast cancer and lymph node
metastases has been described using intravenous injection of tumour-
seeking agents like somatostatin analogues.1 The limited sensitivity of
these agents prevented general acceptance of this approach. Recent

developments in lymphatic mapping evoke renewed interest in radio-guided
surgery. 99mTc-labeled colloid administered at the primary tumour site is taken up by
the lymphatic capillaries and accumulates in the sentinel lymph node through
phagocytosis. However, most of the injected dose remains at the injection site. The
retention of radioactivity provides the opportunity to localise the tumour in
clinically occult breast cancer with a gamma ray detection probe obviating the need
for wire localisation. The purpose of this study was to determine the feasibility of
identification of the sentinel node as well as excision of the tumour in non-palpable
or clinical occult breast carcinomas using intralesional tracer administration.

Materials and methods 

Sixty-four patients with a clinically occult breast lesion underwent sentinel node
biopsy between November 1999 and February 2001. Patients with a prior excisional
biopsy were not enrolled. Four patients were excluded from the analysis because of
multicentricity of the tumour in three patients and preoperative chemotherapy in a
patient with a simultaneous T4 contralateral breast carcinoma. A preoperative
diagnosis was obtained with the aid of mammography, ultrasonography and fine
needle aspiration cytology or core biopsy. The mean age was 62 years (range 35 to 83
years). The tumour was situated in the upper-outer quadrant in 28 patients, the
lower-outer quadrant in 9, the upper-inner quadrant in 10, the lower-inner quadrant
in 6, and in the central part of the breast in 7 patients. All patients had a node
negative axilla based on physical examination and ultrasonography. The mean
tumour diameter measured by the pathologist was 1.2 cm (range 0.2 to 2.2 cm). The
pathological stage was carcinoma in situ in three patients, T1a in two, T1b in 22, T1c
in 32 women and T2 in one patient. The pathologic type of invasive carcinoma was
ductal in 49 women, lobular in two, mucinous in one, tubular in one and a mixed
type of ductal and lobular carcinoma in four patients. Routine confirmatory axillary
lymph node dissection was not performed. A total number of 177 patients with a
palpable breast cancer underwent sentinel node biopsy in the same period. These
were used to compare drainage patterns.

Lymphoscintigraphy

The day before surgery, a 22-gauge needle was placed in the centre of the tumour
under ultrasound guidance in 56 patients (13 Mhz probe, Siemens Sonoline Elegra®,
Siemens Medical Systems, Erlangen, Germany) and stereotaxis (StereoGuide,
LORAD®, Trex Medical Corporation, Danbury, IA, USA) in four patients.
Subsequently, nanocolloid (Amersham Cygne, Eindhoven, the Netherlands) labelled
with 99mTc (average net dose 122 MBq, range 100 to 159 MBq) was administered
through the needle in a volume of 0.2 ml. After removal of the needle, the patient
went to the nuclear medicine department for lymphoscintigraphy. Anterior and
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prone lateral images with hanging breast were obtained using a dual-head gamma
camera (ADAC, Milpitas, CA, USA) with low energy high-resolution collimators.
Static imaging was performed after 20 minutes, 2 and 4 hours post-injection with
simultaneous transmission scanning using a 57Co flood source to outline the body
contour. A hot spot was considered to be a sentinel node when an afferent lymphatic
channel was visualised, the hot spot was the first one seen in a sequential pattern,
the hot spot was the only one in a particular lymph node basin or when a
combination of criteria was present. The location of the sentinel node was marked on
the skin using a 57Co pen.

Blue dye administration

After the last scintigraphic image, a localisation procedure was performed to enable
intraoperative blue dye administration. An 18G needle with a central venous
catheter (Secalon®, Ohmeda, Swindon, UK) was loaded with a X-shaped hookwire
(Cook, Bjaeverskov, Denmark) as shown in figure 1. The needle was inserted and
positioned at the primary tumour site under local anaesthesia using ultrasound or
stereotaxis. The X-shaped hookwire was pushed out and the needle was retracted
while leaving the catheter with the localisation wire in situ. To prevent dislocation of
the catheter, the flow-switch was moved forward, fixating the catheter to the wire.
Mammography in a cranial-caudal and medial-lateral direction confirmed the
correct position of the catheter (figure 2).

Figure 1. A 18G needle with a central venous catheter (Secalon®, Ohmeda, Swindon, UK) is loaded with a X-
shaped hookwire (Cook, Bjaeverskov, Denmark) to enable intraoperative blue dye administration into the
tumour. After removing the wire from its original localisation needle, it is inserted in the 18G needle in a
retrograde direction with manual compression of the proximal part of the X-shaped ending (left upper corner).
Subsequently, a standard localisation procedure is performed. The needle is retracted while leaving the catheter
with the localisation wire in situ. The catheter is unable to dislocate after moving the flow-switch (right lower
corner) forward.
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Figure 2. Medial-lateral-oblique (MLO) and cranial-caudal (CC) mammography after ultrasound-guided
localisation of a tumour in the upper-inner quadrant of the right breast.

Surgical procedure

The next day, 1.4 ml of patent blue dye (Blue Patenté V, Laboratoire Guerbet,
Aulnay-sous-Bois, France) was administered through the catheter after cutting the
wire. The injection site was massaged. The sentinel node was identified and
harvested after careful dissection of blue lymphatic vessels and detection of
radioactivity with a gamma ray detection probe (Neoprobe® 2000, Johnson &
Johnson Medical, Hamburg, Germany). Palpation of the biopsy wound was
performed after excision of the sentinel node to identify suspicious lymph nodes
without tracer uptake.
The gamma probe was subsequently used for lumpectomy in the 45 patients
scheduled for breast conserving therapy. The signal processor with a digital read-out
was adjusted on the 10,000 count range, because of the high residual radioactivity in
the primary tumour. The exact location of the primary tumour was determined
through the intact skin in order to make a proper incision. The skin overlying the
lesion was dissected from the subcutaneous tissue. As the procedure progressed, the
probe was inserted in the wound repeatedly at different angles to assess the position
of the tumour. The resection level was guided by count readings with the aim of
obtaining a margin of about 1cm around the lesion. The remaining fifteen patients
underwent simple mastectomy.

Pathological examination

Sentinel nodes were submitted fresh for frozen section investigation. The sentinel
node was bisected. A frozen section was made at one level and stained with
hematoxylin and eosin (H&E). The remaining lymphatic tissue was formalin fixated,
paraffin embedded and cut at six levels with intervals of 100 to 150 µm. Paraffin
sections were stained with H&E and immunohistochemistry using CAM 5.2 (Becton

MLO CC
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Dickinson, San Jose, CA, USA). In case other lymph nodes were removed, these were
completely embedded and examined with immunohistochemistry staining at one
level. The margins of the excised lump were marked with ink. The specimen was
subsequently cut, formalin fixated and paraffin embedded. Sections were stained
with H&E. The resection was considered complete when a microscopically tumour-
free margin of at least 1mm was obtained.

Statistical analysis

The Chi-square test was used to compare the incidence of extra-axillary drainage
between subgroups of patients. Statistical analyses were performed with Statistical
Package for the Social Sciences software (SPSS, Inc., Chicago, IL, USA).

Results 

Lymphoscintigraphy (figure 3) visualised at least one sentinel node in 56 of 60
patients (93%). The mean number of sentinel nodes on the images was 2.1, with a
range from 1 to 5. Second-echelon nodes or lymph nodes at higher levels were seen
in 40 patients (71%) with a mean number of 2.8 (range 1 to 8). Sentinel nodes were
located in level I or II of the axilla in 49 patients (88%) and outside the axilla in 24
patients (43%). Seventeen patients (30%) had both axillary and extra-axillary
drainage and seven patients showed extra-axillary drainage alone (13%). A sentinel
node in the internal mammary chain was seen in seventeen patients. Five patients
had a sentinel node in the lateral breast parenchyma, three in the medial
parenchyma, one in between the pectoral muscles, two in the subclavicular fossa and
one in the supraclavicular fossa. The percentage of extra-axillary drainage on the
lymphoscintigrams was significantly higher (χ2; p= 0.006) than in patients with
palpable tumours who underwent sentinel node biopsy in the same period, 43% (24
of 56) and 24% (42 of 177) respectively. The percentage of inner-quadrant tumours
was similar in the two groups (27% and 24% respectively).

Figure 3. Preoperative lymphoscinti-
graphy after intratumoural injection of
99mTc-nanocolloid in a patient with
clinically occult breast cancer. The
transported and retained radioactivity
enable radio-guided excision of the
sentinel node (dotted arrow) and of the
primary tumour (arrow) respectively.
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The median interval between injection of 99mTc-nanocolloid and surgery was 24
hours (range 20 to 29 hours). The mean time between incision and identification of
the sentinel node was 19 minutes (range 4 to 80 minutes). At least one sentinel node
was harvested during surgery in 58 of 60 patients (97% identification) with a mean
number of 2.2 per patient (range 1 to 6).
The sentinel nodes were intraoperatively identified in the axilla only in 36 patients
(62%), only outside the axilla in five patients (9%) and in both locations in seventeen
patients (29%). All axillary hot spots on the scintigraphy were identified and the use
of patent blue dye resulted in identification of an axillary sentinel node in four
additional patients. Five of 91 axillary sentinel nodes (5%) were found only by their
discoloration and 34 (37%) only by their radioactivity.
Exploration of the intercostal spaces was successful in fifteen of seventeen patients
with an internal mammary node on the scintigram. In the remaining two patients,
only one of two visualised internal mammary sentinel nodes could be harvested. The
other extra-axillary sentinel nodes were identified in 8 of 12 patients (67%). Thirty-
two of 37 extra-axillary sentinel nodes (86%) were only radioactive and the other five
nodes were both blue and radioactive. Initial excision of the primary tumour in
order to reduce the scattered background radioactivity was necessary for sentinel
node identification in 8 patients (14%).
Sentinel nodes were free of tumour in 48 patients (83%). Two of these patients
preferred confirmatory axillary clearance, which was concordant with the sentinel
node status. Ten patients had a tumour-positive sentinel node. The sentinel node
metastasis was found in the axilla in seven patients. Three patients had a tumour-
positive internal mammary sentinel node and two of them had no axillary
involvement. One patient had a metastasis in a medial intramammary sentinel node.
All tumour-positive axillary sentinel nodes were both blue and radioactive. The
involved extra-axillary sentinel nodes were both blue and radioactive in two patients
and only radioactive in the other two women.
Metastasis in the axillary sentinel node was found by frozen section investigation in
four women (7%). Four of seven axillary sentinel node metastases were
micrometastases smaller than 2 mm.
Treatment changed according to the extra-axillary sentinel node status in four
patients. All four patients underwent radiotherapy of the internal mammary chain
and two of these patients received adjuvant systemic treatment that would not
otherwise had been given.
In the four patients in whom scintigraphy showed no sentinel nodes, the axilla was
explored. In two, a blue sentinel node was identified. In one of the other two
patients, a visible non-sentinel lymph node was excised which turned out to contain
metastasis. The latter two patients underwent radiotherapy of the axilla.
Wide local excision was complete in 39 of 45 patients (87%) who were conservatively
treated. The mean weight of the specimen was 63 g (range 22 to 168 g). The mean
minimum margin was 4 mm, ranging from 0 to 10 mm. Three patients with an
incomplete excision underwent mastectomy. In two of these patients, residual
carcinoma in situ was found with micro-invasion in one. No local or regional
recurrences were seen, but follow-up was short (median 8 months, range 1 to 14
months).
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Discussion 

Patients with non-palpable breast lesions are frequently seen in this era of screening
programs. Segmental excision and sentinel node biopsy are particularly attractive in
this group of patients because of the small tumour size and the low risk of axillary
metastases. In this study, 75% of the patients underwent breast-conserving therapy
and axillary treatment was avoided in 82% of the patients.
The use of a gamma ray detection probe in breast surgery has been described after
intravenous injection of tumour-seeking agents like somatostatin analogs or
monoclonal antibodies1,2. The purpose of these studies was to detect axillary lymph
node metastases and foci of invasive carcinoma in resection margins, based on a
specific tumour-binding capacity of the compound. With intratumoural injection of
99mTc-labeled colloid, detection of radioactivity at the site of the primary tumour and
the first draining lymph nodes is based on the physiological behaviour of the tracer
and not on a specific tumour binding (figure 3).
Injection of tracers at the primary tumour site requires visualisation of the carcinoma
in the absence of a palpable mass. This study describes the use of ultrasound and
stereotaxis for injection of radioisotope into the tumour. The blue dye was
administered through an intratumoural positioned catheter using the same imaging
techniques. Ultrasound capability in the operating room will further facilitate the
technique allowing the blue dye to be injected with ultrasound guidance. This will
obviate the need for a canula in the breast.
Albertini et al. injected the radiocolloid through a localisation needle and left the
needle in place for subsequent blue dye injection in the operating room.3 This
method seems to be less comfortable for the patient and has a risk of dislocation.
Another approach is to inject the tracers around the localising wire in occult
carcinomas.4 This is not a very precise method, because depth and direction of the
needle have to be estimated. Miner et al. attempted to solve this problem and
described injection of radiocolloid at four sites around the tumour with a certain
angle and depth, previously defined by ultrasonography.5 Superficial injections
would be easier in non-palpable breast cancer but have some disadvantages.
Intradermal or subcutaneous injection in the areolar region or in the skin overlying
the tumour seem to cause a regional mismatch, because sentinel nodes outside the
axilla are rarely visualized.6-8 The reliability of such techniques for axillary staging
has to be investigated further.
The percentage of visualised extra-axillary sentinel nodes in this study (43%) was
rather high and differed significantly from the visualisation rate in palpable
tumours. Anatomical studies dealing with the arrangement of the breast lymphatics
show that lymph flow to internal mammary nodes and interpectoral nodes is
supplied by retromammarian lymphatics.9,10 These lymphatics arise from the breast
lobules, run on the surface of the pectoral fascia and accompany penetrating blood
vessels on their way through the pectoral and intercostal muscles to reach the lymph
node. The finding that only deep tracer injection will visualise extra-axillary sentinel
nodes supports the observation that deep lymphatics from the dorsal part of the
breast drain to these nodes. Our hypothesis is that deeper located tumours are less
accessible to palpation. So the location of the tumour within the breast may be the
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explanation of the difference in drainage to non-axillary sentinel nodes between
palpable and non-palpable lesions. This finding and the fact that approximately one
third of the lymph node metastases in this study were found outside the axilla
stresses the importance of deep tracer administration close to or into the tumour in
non-palpable breast carcinomas. The pursuit of extra-axillary sentinel nodes seems
to have implications for subsequent treatment.11

Axillary lymph node involvement in clinically occult breast cancer ranges between
10% and 27% in studies with complete axillary lymph node dissection.12-16 In a study
of sentinel node biopsy in non-palpable breast cancer by Schijven et al., the
percentage of lymph node metastases was 16%.17 Of 59 patients in the present study
(one patient underwent radiotherapy of the axilla), seven patients had a tumour-
positive axillary sentinel node and another patient had a tumour-positive non-
sentinel node in the axilla. The percentage of axillary involvement of 14% (8 of 59) is
comparable with percentages described in literature. The use of intraoperative
frozen section investigation to detect axillary involvement in clinically occult
carcinomas can be criticised, because it led to immediate completion lymph node
dissection in only 7% of the patients.
We use a small volume (0.2 ml) injection of 99mTc-nanocolloid into the tumour for
lymphatic mapping which limits the diffusion of the tracer into the surrounding
tissue. Ultrasound and stereotaxis enable deposition of the tracer exactly into the
tumour. This approach allows radio-guided excision of the tumour. Recently, probe-
guided excision of non-palpable lesions after intratumoural injection of a technetium
labeled colloid has been reported.18 Gray et al. described placement of titanium seed
containing 125I at the site of the primary tumour for radio-guided lumpectomy.19 In
combination with injection of 99mTc-sulfur colloid, they were able to perform
simultaneous sentinel node biopsy and probe-guided tumour excision.
The standard procedure for wide local excision of a non-palpable tumour at our
institution is the wire localisation technique. In this study, both a localisation wire
and a gamma ray detection probe were used because the fixation of the catheter for
patent blue dye administration required a localisation wire. By using the probe to
assess the position of the tumour, the site of incision could often be chosen more
precisely than with the localisation wire. Several authors reported a high failure rate
with therapeutic wire-directed excisions, ranging from 40% to 55%.20 The accuracy of
pre-operative needle localisation has been shown to be a significant factor for
success.20 But even when the wire is close or within the lesion, it is difficult to
envisage the precise three-dimensional situation with two-dimensional images of a
compressed breast. This study shows that tumour excision with clear margins could
be accomplished in 87% of the patients using both the gamma ray detection probe
and the localisation wire. When the patent blue could be injected in the operation
room using ultrasound, we would no longer need the localisation wire and can rely
on the gamma probe for wide local excision of the primary tumour. This approach
seems attractive and should be compared to wire-directed tumour excision in a
randomised fashion.
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Conclusions 

The technique of lymphatic mapping with sentinel node biopsy using intralesional
tracer administration is feasible in non-palpable breast cancer. Furthermore,
retention of the radioactive tracer marks the primary lesion and allows for probe-
guided tumour excision. The sentinel node could be identified in 97% and complete
tumour excision was accomplished in 87% of the patients with use of this combined
approach. We recommend parenchymal tracer injection in non-palpable breast
cancer because it seems that extra-axillary lymphatic drainage plays an important
role in these frequently deep-seated lesions.
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he concept of orderly progression of solid tumours through the lymphatic
system implies that the decision to perform regional node dissection can
be based on the tumour-status of the sentinel lymph node1. Two
techniques can be applied to assess this tumour-status intraoperatively:

touch imprint cytology (contact cytology) and frozen section analysis. In this article,
our results of frozen section investigation of sentinel lymph nodes in melanoma and
breast cancer patients are described and a review of the literature on this technique
is given.

Patients and methods 

Between December 1993 and March 1995, 99 consecutive patients with clinically
localised cutaneous melanoma underwent a sentinel node procedure with
intraoperative frozen section investigation. Forty-five patients were operated at The
Netherlands Cancer Institute and 54 at the Groningen University Hospital following
the same protocol. The primary melanoma was located in the head and neck region
in 9 patients, on the trunk in 25, on the upper limb in 18 and on the lower limb in 47
patients. The Breslow thickness was between 1.1 and 11.0 mm with a mean of 2.9
mm and a median thickness of 2.2 mm. Ulceration was present in 33 patients (33%).
A total of 262 consecutive T1-2N0 breast carcinoma patients underwent 265 sentinel
node procedures with intraoperative frozen section investigation between January
1999 and June 2000 (three bilateral): 230 operations were performed at The
Netherlands Cancer Institute and 35 at the Amstelveen Hospital. The mean size of
the tumours was 1.9 cm (range 0.2 to 8.0 cm) with a pathological stage T1 in 178
cases (67%), T2 in 86 (32%) and T3 in 1 woman. The histology of the tumour was
invasive ductal carcinoma in 214 tumours (81%), invasive lobular carcinoma in 34
(13%) and various other types in the remaining 17 patients (6%). Specimens from the
two hospitals were assessed in the same pathology laboratory.
One day before operation, lymphoscintigraphy was performed after injection of
technetium-99m labelled nanocolloid (Nanocoll, Amersham Cygne, Eindhoven, the
Netherlands).
Surgery was performed guided by patent blue dye (Laboratoire Guerbet, Aulnay-
Sous-Bois, France) and a hand-held gamma ray detection probe (Neoprobe and
Europrobe). The technique has been described in detail elsewhere2-4.
The excised lymph nodes were submitted fresh for frozen section investigation.
While we awaited the result, wide local excision of the tumour site or mastectomy
was performed. Immediate regional node dissection was performed when frozen
section analysis revealed metastatic disease in the sentinel node. Some breast cancer
patients received radiotherapy of the axilla when the sentinel node was tumour-
positive depending on tumour stage and menopausal status.
All lymph nodes were bisected and one level frozen section of both cut surfaces was
made. Care was taken to obtain complete cross sections of the maximum diameter,
preferably including the hilum and marginal sinus. Each frozen section slide was
stained with hematoxylin and eosin (H&E). The remaining tissue was formalin
fixated, paraffin embedded and cut at three levels 50-100 µm apart. All these sections
were evaluated with H&E staining. The first level was also examined with
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immunohistochemical staining. The anti-cytokeratin reagent CAM5.2 (Becton
Dickinson, San Jose, CA, USA) was used at a dilution of 1:250 in sentinel nodes of
breast cancer patients5. Both S-100 (Dako, Glostrup, Denmark) at a dilution of
1:40.000 and HMB45 (Dako) at a dilution of 1:200 was used in melanoma patients6.
The Fisher exact test was used to compare false-negative rates between subgroups
with different tumour stages.

Results 

In the 99 melanoma patients, 177 sentinel nodes were excised (mean 1.8 per patient,
range 1 to 4). Frozen section investigation revealed metastatic involvement of the
sentinel node in eight patients. In another nine patients, metastases were only found
in step sections (eight patients) or after immunohistochemical staining (one patient).
The sensitivity of frozen section investigation was 47%, the specificity 100%. The
negative predictive value was 90% (82 of 91). The sentinel node was the only positive
node in thirteen of seventeen patients (76%). The relation between the Breslow
thickness and the sensitivity of the frozen section examination is displayed in table 1.

Table 1. Relation between Breslow thickness and sensitivity of frozen section investigation of the sentinel node
in melanoma patients.

Breslow thickness Metastases intraoperatively /
total no. patients

Metastases in permanent sections /
total no. patients

Sensitivity
(%)

< 1.5 mm 0 / 15 (0%) 0 / 15 (0%) -

1.5 – 4.0 mm 5 / 65 (8%) 12 / 65 (18%) 42

> 4.0 mm 3 / 19 (16%) 5 / 19 (26%) 60

In breast cancer patients, lymph node metastases were found by frozen section
investigation in 71 of 265 procedures (27%). Twenty-five procedures were false
negative (sensitivity 74%). In ten patients, the tumour-positive lymph node was not
send for frozen section investigation because of its small size or localisation in the
internal mammary chain or in the breast parenchyma. One frozen section result was
false-positive (specificity 99%), because no tumour cells were seen after serial
sectioning and immunohistochemical staining. The negative predictive value was
87% (169 of 194). In the 265 sentinel node procedures in breast cancer patients, 444
lymph nodes (406 sentinel nodes, 38 second-tier nodes) were evaluated with H&E
frozen sections (mean 1.7, range 1 to 6). Definitive evaluation showed tumour cells in
122 of 444 assessed lymph nodes (27%), corresponding with a sensitivity of 73% (89
of 122) per node. Twenty-nine of 33 lymph nodes which were negative in the frozen
sections contained metastases smaller than 2 mm. Eighteen of these 29 micro-
metastases were found only by immunohistochemical staining with CAM5.2.
Six of 24 lymph node metastases of a lobular carcinoma (25%) were not detected by
frozen section investigation and 26 of 95 lymph node metastases (27%) in ductal
carcinoma. The false-negative rates of the frozen sections for tumour stage T1a,b, T1c
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and T2 or greater were 40% (2 of 5), 25% (13 of 51) and 25% (10 of 40) respectively
(table 2). Review of the frozen sections showed tumour cells in the marginal sinus
originally interpreted as histiocytes in one patient. The sentinel node was the only
positive node in 53 of 82 cases (65%) with complete axillary lymph node dissection.

Table 2. Relation between tumour stage and sensitivity of intraoperative frozen section investigation of the
sentinel node in breast cancer.

Tumour stage Metastases intraoperatively /
total no. patients

Metastases in permanent sections /
total no. patients

Sensitivity
(%)

T1a,b 3 / 41 (7%) 5 / 41 (12%) 60

T1c 38 / 137 (28%) 51 / 137 (37%) 75

T2 / T3 30 / 87 (34%) 40 / 87 (46%) 75

Discussion 

Intraoperative pathological assessment of the sentinel node allows for a regional
lymph node dissection during the same session. Sensitivity and specificity are
important factors in deciding whether a technique should be used. When the
sensitivity is too low, the efforts and costs will exceed the benefits and an unreliable
method gives undue distress to the patients. The specificity of frozen section analysis
is 100% in almost all studies (tables 3 and 4) and, therefore, overtreatment will rarely
occur.
This study reveals a low sensitivity (47%) of frozen section analysis in melanoma
patients and is in agreement with two other studies (table 3).7,8 Reliability of frozen
section analysis in breast cancer patients appears to be more favourable. The
sensitivity of frozen section at one level in this study was 74%. Three other studies,
which also included more than 75 patients with lymph node metastases, showed a
similar sensitivity of 68%, 77% and 87% (table 4).9-11 However, a study with 890
patients revealed a much lower sensitivity of 58%.12

Table 3. Results of intraoperative pathological investigation of lymph nodes in melanoma patients in literature.

First
author

Year Proportion of patients
with Breslow thickness
<1.5 / 1.5-4.0 / >4.0mm

(%)

Intra-
operative
technique

Definitive
pathological
examination

Metastases
intraoperatively

/ total no.
patients

Metastases in
permanent

sections / total no.
patients

Sensitivity
(%)

Specificity
(%)

Gibbs7 1999 51 / 43 / 6 FS; 2L PS; ≥ 4L; H&E
and IHC

(S-100, HMB 45)

6 / 64 (9%) 14 / 64 (22%) 43 100

Clary8 1999 30 / 54 / 16 FS Step-sectioning
and IHC

31 / 312 (10%) 55 / 312 (18%) 56 100

Present
study

2000 15 / 66 / 19 FS; 1L PS; 3L; H&E
and IHC

(S-100, HMB 45)

8 / 99 (8%) 17 / 99 (17%) 47 100

FS= frozen section; L= level; PS= paraffin section; H&E=hematoxylin and eosin; IHC= immunohistochemistry
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Several factors can influence the
reliability of intraoperative patho-
logical examination of lymph nodes.
The first is the tumour load of the
sentinel node. In melanoma patients
and patients with lobular breast
cancer, often small foci or single me-
tastatic cells are found, detectable
only with step sections or immuno-
histochemistry.7,13 However, the per-
centage of false negative frozen sec-
tions in lobular carcinoma compared
with ductal carcinoma was not
different in this study, 25% and 27%
respectively. The second factor is the
size of the lymph node. It may be
impossible to capture one entire
cross section of a large lymph node
in one frozen section. The third
factor is the number of assessed
levels per node. We made a single
frozen section of each lymph node in
both malignancies resulting in a
relatively small chance of encoun-
tering the metastasis (sampling
error). Gibbs and co-authors im-
proved the sensitivity by adding a
second frozen section level.7 In breast
cancer patients, Viale and co-workers
made 15 pairs of frozen sections with
H&E and rapid cytokeratin staining
of each of two halves (60 sections).14

They found 64% of the sentinel
lymph node metastases in the first
pair of sections, but did observe
metastases as far as the 15th cutting
level. A disadvantage of these large
numbers of frozen sections is that no
tissue remains for more sensitive
pathological examination. Also, this
approach is time consuming and
requires additional personnel. Some
authors suggested that the sensitivity
of frozen section analysis is lower in
small tumours.12 An explanation for
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this phenomenon might be the smaller sampling error in large tumours, because of
the relatively higher incidence of macrometastases compared to smaller tumours. A
difference between the sensitivity of frozen section investigation in melanomas with
a Breslow thickness of more than 4.0 mm and from 1.5 to 4.0 mm was seen in this
study (table 1), but this difference was not significant (P = 0.5). The difference
between the sensitivity of frozen section examination in T1a,b and T1c breast cancer
(table 2) was also not significant (P = 0.4). Finally, the quality of the frozen section
and the experience of the pathologist are important factors.
The calculated sensitivity of an intraoperatively used method depends on the type
and the quality of the definitive pathological examination (gold standard). The use
of H&E stained step sections in breast cancer was reviewed by van Diest et al., who
found that 9% of initially negative lymph nodes were converted to tumour-positive
with this approach.15 The increase in sensitivity by immunohistochemical staining in
melanoma was 45% in one study.16 Three studies addressed the additional value of
immunohistochemical staining in breast cancer and found 14%, 31% and 36% of all
positive sentinel nodes only with this technique.17-19 These metastases would have
been missed with frozen section examination. This results in substantial over-
estimation of the frozen section sensitivity in studies without immunohistochemistry
as the gold standard. Molecular analysis with the reverse-transcriptase polymerase
chain reaction (RT-PCR) may increase the number of ultimately detected
(micro)metastases even further, although this remains to be established.15

Explanations for the difference in sensitivity of frozen section examination in
melanoma and breast cancer may be the higher incidence of micrometastases with a
single tumour cell distribution in melanoma and the more difficult recognition of
that disease.
The a priori chance of detecting a lymph node metastasis of melanoma is
approximately 20%.1,20,21 The sensitivity of approximately 50% means that occult
metastases are identified with frozen section microscopy in only 10% of melanoma
patients. In the other 90% of cases, operation time is reserved for a regional lymph
node dissection that is not performed. Even in thick melanomas (more than 4.0 mm),
reservation of operation time for a standard lymphadenectomy will be needless in
85% of the patients. Therefore, we have abandoned frozen section analysis in this
disease.
In breast cancer, the higher a priori chance of lymph node metastases (40%) together
with the higher sensitivity of frozen section examination (75%) results in unused
operation time in 70% of cases.22,23 Thirty percent of the patients are spared a second
admission and operation. This is acceptable in our setting and we continue to
perform frozen section investigation of sentinel nodes in breast cancer patients. A
disadvantage of this approach is that patients experience great distress when the
frozen section is false negative, despite the fact that this risk has of course been
discussed ahead of time. An alternative approach would be to exclude stage T1a,b
breast cancer patients because of the low incidence of lymph node metastases and a
possibly lower sensitivity of intraoperative frozen section analysis in this subgroup
(table 2).
In our series, the only false-positive frozen section of a sentinel node in breast cancer
was encountered. We actually performed an unnecessary axillary lymph node
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dissection in this patient, but fortunately there was another indication for axillary
clearance because of the multicentricity of the tumour. The risk of a false-positive
frozen section report can be limited by awaiting the definitive pathological
examination in case of doubt.
In conclusion, this study shows a lower sensitivity of a single H&E stained frozen
section of the sentinel lymph node in melanoma (47%) as compared with breast
cancer (74%). Frozen section examination allows immediate axillary lymph node
dissection in the majority of node-positive breast cancer patients. We do not
recommend frozen section examination in melanoma.
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ymph nodes in the internal mammary chain are known to be a potential
site of metastases from breast cancer. Extended radical mastectomy has
been used to obtain information about the status of these lymph nodes.
The internal mammary node status is an independent prognostic factor for

survival.1 However, treatment of internal mammary lymph nodes is subject of
debate. The value of elective radiotherapy to these nodes has never been
convincingly shown and is, in fact, the subject of ongoing randomised studies in
Europe and in Canada. Elective dissection of internal mammary nodes is not done.
Besides the axilla and internal mammary chain, breast cancer spreads to
interpectoral nodes (Rotter’s nodes) in 3% to 14% of the patients.2-4 A Rotter’s node
is the only site of metastatic involvement in a small number of patients.2-4 The
importance of intraparenchymal and supra- and infraclavicular lymph nodes in
breast cancer is unknown and involvement of these lymph nodes has been described
only incidentally.5-8

The technique of lymphatic mapping visualises the lymph nodes that directly
receive lymph from a primary breast carcinoma. These “sentinel” nodes can be
harvested in the axilla and reflect the tumour-status of the entire axilla with a high
sensitivity.9-11 The purpose of this study was to determine the incidence of lymphatic
drainage and metastatic spread to sentinel nodes outside the axilla in early stage
breast cancer and the impact of biopsy of these lymph nodes on staging and
treatment strategy.

Patients and methods 

Between January 1997 and July 2001, 549 patients with a clinical T1-3N0 breast
cancer underwent sentinel node biopsy in The Netherlands Cancer Institute. The
mean age was 56 years (range 27-91 years). Six patients had bilateral tumours.
Pathologic proof of breast cancer was routinely obtained. The primary lesion was
still present in all patients. Seventy-one percent of the patients underwent wide local
excision as part of breast-conserving treatment and the remaining patients
underwent mastectomy. The mean histological tumour diameter was 1.9 cm (range
0.2-8.0 cm) with a pT1 stage in 82.9%, pT2 in 16.4% and pT3 in 0.7%. Definitive
pathological examination showed ductal carcinoma in situ without invasion in
twelve patients. The first 82 patients were part of a learning phase study with
confirmatory axillary lymph node dissection.9 In the subsequent patients, axillary
clearance was omitted in case of a tumour-negative axillary sentinel node.

Sentinel node biopsy

The day before surgery, 99mTc-Nanocolloid (Amersham Cygne, Eindhoven, the
Netherlands) was injected into the tumour in a mean volume of 0.2 ml and with a
mean radioactive dose of 104 MBq (range 42 to 159 MBq). Subsequently, dynamic
and static anterior and prone lateral (hanging breast) images were obtained.12 A hot
spot was considered to be a sentinel node if an afferent lymphatic channel was
visualised, the hot spot was the first one seen in a sequential pattern, the hot spot
was the only one in a particular lymph node basin or when a combination of criteria
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was present. Intramammary, paramammary (Gerota) and interpectoral sentinel
nodes were defined as interval nodes, because of their location on the drainage route
to the axilla or internal mammary chain.13 The location of a sentinel node was
marked on the skin.
The following day, patent blue dye (Blue Patenté V, Laboratoire Guerbet, Aulnay-
sous-Bois, France) in a volume of 1.0 ml was injected into the tumour. The sentinel
node was identified and harvested after careful dissection of blue lymphatic vessels
and detection of radioactivity with a gamma ray detection probe (Neoprobe®,
Johnson & Johnson Medical, Hamburg, Germany). Internal mammary sentinel nodes
were explored through a small transverse incision over the intercostal space
concerned. After splitting the pectoral muscle fibres and dividing the intercostal
muscles, radioactive lymph nodes with or without blue discoloration were dissected
from the internal mammary vessels and parietal pleura. It is our policy to perform a
complete axillary lymph node dissection if no sentinel node is identified when
exploring the axilla unless one is identified elsewhere.
Sentinel nodes were formalin-fixated, bisected, paraffin-embedded and cut at a
minimum of six levels at 50 to 100 µm intervals. Paraffin sections were stained with
hematoxylin-eosin and immunohistochemistry (CAM5.2, Becton Dickinson, San Jose,
CA, USA).

Postoperative treatment

Traditionally, the indication for radiotherapy of the internal mammary lymph nodes
at our institution was a positive axillary lymph node irrespective of tumour location
and size unless the patient was enrolled in an ongoing EORTC trial (#22922).
Currently, a patient will receive radiotherapy to the parasternal area if an excised
internal mammary sentinel lymph node is tumour-positive. Adjuvant systemic
treatment is generally given to patients with lymph node metastasis over 2 mm in
size. The Dutch national guidelines recommend that node-negative patients with a
tumour larger than 3.0 cm and patients with a high-grade tumour between 1.0 and
3.0 cm in diameter (grade III or mitotic activity index of greater than 10 per ten high
power fields) receive adjuvant chemotherapy and/or hormonal treatment.14

Statistical analysis

The chi square test was used to compare the incidence of lymph node metastasis
between subgroups of patients. Values of P≤0.05 were considered to be statistically
significant. Statistical analyses were performed with Statistical Package for the Social
Sciences software (SPSS, Chicago, Illinois, USA).

Results 

Sentinel nodes outside level I and II of the axilla were seen on the
lymphoscintigraphy images in 147 patients and in an additional two patients
intraoperatively using patent blue dye. Therefore, the incidence was 27% (149/549
patients). The lymphatic drainage patterns are displayed in table 1. Drainage to the
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ipsilateral internal mammary sentinel nodes was observed in 104 patients (19%). A
contralateral internal mammary sentinel node was seen in one additional patient.
Interval sentinel nodes were encountered in 49 patients: intramammary sentinel
nodes in 38, paramammary nodes in two and interpectoral sentinel nodes in nine
patients. Twelve patients had sentinel nodes in the infraclavicular region and three
in the supraclavicular region.

Table 1. Lymphatic drainage patterns to axillary and non-axillary sentinel nodes based on lymphoscintigraphy
and the intraoperative use of patent blue dye.

Non-axillary site of sentinel nodes With axillary
drainage

Without axillary
drainage

Total

Ipsilateral internal mammary chain 76 9 85

Contralateral internal mammary chain 1 - 1

Intraparenchymal 25 1 26

Interpectoral 5 1 6

Infraclavicular 10 - 10

Supraclavicular 1 - 1

Supraclavicular and intraparenchymal 1 - 1

Ipsilateral internal mammary chain and intraparenchymal 11 - 11

Ipsilateral internal mammary chain and paramammarial 1 1 2

Ipsilateral internal mammary chain and interpectoral 1 2 3

Ipsilateral internal mammary chain and infraclavicular 2 - 2

Ipsilateral internal mammary chain and supraclavicular - 1 1

Total 134 15 149

Table 2. Results of surgical identification of sentinel nodes in the internal mammary chain and other sites
(intramammary, paramammary, interpectoral, supra- and infraclavicular).

Internal mammary chain Other sites All non-axillary sites

Identification rate per patient 90/105 (86%) 50/63 (79%) 128/149 (86%)

Identification rate per basin 103/128 (80%) 51/64 (80%) 154/192 (80%)

No. sentinel nodes 126 63 189

blue 0 (0%) 4 (6%) 4 (2%)

radioactive 91 (72%) 33 (53%) 124 (66%)

blue and radioactive 35 (28%) 26 (41%) 61 (32%)

No. of non-sentinel nodes 18 0 18

Tumour excision before identification 28/103 (27%) 25/51 (49%) 53/154 (34%)

Reason of non-identification

not explored 6/25 (24%) 7/13 (54%) 13/38 (34%)

high background activity 3/25 (12%) 5/13 (38%) 8/38 (21%)

low radioactivity uptake 6/25 (24%) 1/13 (8%) 7/38 (18%)

retrocostal location 7/25 (28%) - 7/38 (19%)

no access to intercostal space 3/25 (12%) - 3/38 (8%)
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At least one non-axillary sentinel node was excised in 128 of 149 patients (86%). The
results of the surgical identification of sentinel nodes outside level I and II of the
axilla are displayed in table 2. High background radioactivity from tracer remaining
at the injection site necessitated segmental excision of the primary lesion before the
sentinel node could be identified with the probe in 53 patients (34%). Sentinel nodes
were either blue, radioactive or both. A learning phase for biopsy of internal
mammary chain nodes was observed: the identification rate was 70% in the first 30
procedures and 84% in the following procedures.
Metastases were found in 26 of the 128 patients (20%) who underwent extra-axillary
sentinel node excision. Metastases were found in the internal mammary chain in
sixteen patients, in the breast parenchyma in five, between the pectoral muscles in
one, in both the internal mammary chain and interpectoral fossa in one, in the
infraclavicular fossa in one, in a paramammary sentinel node in one and in both the
supraclavicular fossa and breast parenchyma in another patient. The relation
between the tumour-status of the internal mammary chain sentinel nodes, the
axillary status and the primary tumour site is described in table 3.

Table 3. Primary lesion location and tumour-status of the axilla and internal mammary chain in 555 breast
carcinomas with clinically N0-stage.

Location Axillary status Internal mammary chain
status

No. of procedures
(n = 555)

IQ / C + + 5
IQ / C + - 5
IQ / C + NI 1
IQ / C + NV 56
IQ / C - + 3*
IQ / C - - 34
IQ / C - NI 7
IQ / C - NV 91
IQ / C ? + 2
IQ / C ? - 5
IQ / C ? NI 0
IQ / C ? NV 2
OQ + + 4
OQ + - 4
OQ + NI 4
OQ + NV 128
OQ - + 2
OQ - - 23
OQ - NI 3
OQ - NV 172
OQ ? + 1
OQ ? - 2
OQ ? NI 0
OQ ? NV 1

IQ=inner-quadrant; OQ=outer-quadrant; C=central; NI=not identified; NV=not visualised; + =tumour-positive; - =tumour-
negative; ?=unknown status; * =one metastasis in the contralateral internal mammary chain.
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Although there was a higher incidence of internal mammary node metastases in
inner quadrant and central tumours in comparison to outer quadrant lesions (5%
versus 2%), this difference is not significant (P = 0.073). Axillary node-positive
patients had a higher rate of internal mammary node involvement than axillary
node-negative patients (4% versus 1%, P = 0.042). This difference was more
pronounced between the subgroups of axillary node-positive and node-negative
patients in whom an internal mammary node was excised (50% versus 8%, P <
0.001). The non-axillary sentinel node was the only tumour-positive lymph node in
eleven of 206 patients (5%) with tumour-positive sentinel nodes. The location of the
metastases, the characteristics of the primary tumour and the adjuvant therapy in
these eleven patients are described in table 4.

Table 4. Patients with isolated non-axillary sentinel lymph node metastases.

Patient Tumour characteristics Metastasis Adjuvant therapy

D (cm) Grade MAI location size (mm)

1 0.8 I 1 IMC > 2 Radiotherapy IMC, Tamoxifen

2 0.8 III 11 cIMC > 2 Radiotherapy IMC / cIMC, Tamoxifen

3 1.0 I 1 breast < 2 Ovariectomy, Tamoxifen

4 1.3 II 6 breast > 2 Radiotherapy IMC, Tamoxifen

5 1.5 II 6 IMC
interpectoral

> 2
< 2

Radiotherapy IMC, Tamoxifen

6 1.5 II 1 IMC > 2 Radiotherapy IMC, Tamoxifen

7 1.7 I 4 IMC < 2 Radiotherapy IMC

8 1.7 I 2 interpectoral < 2 Radiotherapy IMC (trial), Ovariectomy

9 1.9 II 6 IMC > 2 Radiotherapy IMC, Tamoxifen

10 2.1 II 4 IMC < 2 Radiotherapy IMC, Chemotherapy, Tamoxifen

11 2.5 III 36 IMC > 2 Radiotherapy IMC / axilla, Chemotherapy

D=diameter; MAI=mitotic activity index (number of mitoses per 10 high power fields); IMC=ipsilateral internal mammary
chain; cIMC=contralateral internal mammary chain.

Of the total of seventeen patients with internal mammary node metastasis, eight
(47%) had no axillary involvement. Four of ten patients (40%) with other non-
axillary lymph node metastases also had a tumour-negative axilla. Considering that
one patient had extra-axillary metastases at more than one site, the non-axillary
sentinel node status had an impact on staging (N1 or N3 instead of N0) in eleven
patients with isolated non-axillary sentinel node metastases. Nine patients with
metastases both in the internal mammary sentinel node and in the axilla were
upstaged from N1 to N3. Overall, N-staging was changed in 20 of 149 patients (13%).
Management was modified in several respects in 26 of 149 patients (17%), which
comprises 5% of the whole sample population. Internal mammary chain irradiation
was given to seven of the 149 patients (5%) which they would not have received if
the prior guidelines had been followed. Internal mammary chain irradiation was not
given to nine patients (6%) who otherwise would have received such treatment.
Eight patients (5%) received adjuvant chemotherapy or hormone treatment only



Non-axillary sentinel node biopsy 101

because of isolated non-axillary sentinel lymph node metastases (table 4). The
finding of an extra-axillary sentinel node prevented axillary lymph node dissection
in ten patients (7%) without a blue or radioactive lymph node in the axilla. No
axillary recurrence has occurred in these ten patients during a median follow-up of
19 months (range 2 to 29 months).

Discussion 

Sentinel nodes were located outside levels I and II of the axilla in 27% of the patients
and their removal led to a change in the management in 17% of them. Successful
visualisation and identification of non-axillary sentinel nodes requires certain
specific elements of the technique of lymphatic mapping. Preoperative
lymphoscintigraphy is indispensable to detect non-axillary sentinel nodes. An
intraparenchymal tracer administration is essential because intradermal or
subdermal injection will rarely visualise drainage to the internal mammary chain.15,16

Intratumoural injection with a small volume is preferred to peritumoural injection,
because it limits the extent of the diffusion zone at the injection site.12 A single
intralesional tracer administration improves imaging of nearby intraparenchymal
sentinel nodes and enables elimination of background radioactivity by tumour
excision to facilitate subsequent probe identification of such nodes (table 2).
Harvesting lymph nodes outside the axilla is often a technical challenging
procedure. Internal mammary nodes are generally not more than a few millimetres
in size and are sometimes located behind a rib. The probe is difficult to handle in the
narrow intercostal space. The intercostal space is sometimes inaccessible due to bony
deformation or location of the ribs close to each other. A mere 28% of the internal
mammary nodes contained blue dye, which can be explained by the fact that internal
mammary chain nodes were mostly explored at the end of the procedure at which
time the blue dye may have passed the sentinel node. Additionally, the supply of
blue dye was removed in 27% because the primary tumour was excised before the
sentinel node was found. Increasing experience of the surgeons and possibly the
increase in radioactivity dose and colloid particle concentration resulted in the
improvement of identification from 70% to 84%.17 Morbidity was limited to an
occasional injury to the internal mammary artery or pleura. In a few patients, a
separate incision of a few centimetres was necessary. Long-term sequelae were not
encountered.
Some of the technical aspects outlined above can explain the large differences in the
reported incidence of non-axillary sentinel nodes. 18-29 Three studies concern results
of biopsy of non-axillary sentinel nodes in a substantial number of patients.30-32 None
of these investigators mentioned that the pursuit of sentinel nodes outside the axilla
has an impact on the way patients are managed. Van der Ent and associates reported
drainage to the internal mammary chain in 65 of 256 patients (25%).33 Sentinel nodes
at this site could be harvested in 41 patients (63%). These nodes contained metastasis
in eleven patients (27%) resulting in a change of the subsequent management. The
incidence of internal mammary sentinel nodes in the present study is comparable to
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Van der Ent’s observations. The better identification rate in the present study (86%
versus 63%) may be due to differences in the technique.
A result of our study design is that the sensitivity cannot be determined because no
completion internal mammary lymph node dissection was done. Noguchi routinely
performed biopsy of internal mammary nodes in the first and second intercostal
spaces irrespective of the lymphoscintigraphy results and concluded that lymphatic
mapping is an insensitive technique for identifying metastases to these nodes.34 The
limited sensitivity in that study may be explained by the low visualisation rate of
internal mammary sentinel nodes: 9% versus twice as many as in our study.
Our study shows that chasing extra-axillary sentinel nodes improves staging in 13%
of the patients. This has therapeutic implications because it is generally accepted that
metastases in these lymph nodes are of prognostic significance. The overall survival
rates of patients with isolated internal mammary chain metastases are similar to
those with isolated axillary lymph node involvement. The lowest survival rates are
observed in patients with both axillary and internal mammary node metastases.35-37

Whether these ramifications of improved staging result in a survival benefit is
unknown. Lacour and Meier performed randomised studies of extended radical
mastectomy versus radical mastectomy and found no survival difference.38,39

Randomised trials of post-mastectomy radiation encompassing the internal
mammary nodes did not result in an improvement in overall survival either.40-44

Obfuscating factors of such studies can be the use of adjuvant systemic treatment
and the fact that internal mammary nodes may be situated in the breast irradiation
field.45 Another disadvantage of these studies is dilution of the potential benefit of
the therapy, because the patients who indeed have lymph node metastases are a
minority within these populations. This was illustrated by Lacour and Meier who
showed a survival benefit in subgroups of patients with an expected higher
incidence of internal mammary node metastasis.39,46

Traditionally, radiotherapy to the internal mammary chain is often given in patients
with a primary tumour over a certain size or in a medial quadrant, or in the presence
of an involved axilla. Looking at the primary lesion site and the tumour-status of the
axilla is a fairly crude way to select patients who may have internal mammary
lymph node metastases (table 3). Biopsy of internal mammary sentinel nodes allows
one to identify patients who indeed have metastatic disease in these nodes. Surgical
treatment of internal mammary lymph node metastases seems excessive in this era
of conservative surgical treatment of breast cancer but radiotherapy could be
considered. Common sense suggests that radiotherapy is of no value in case of a
tumour-free internal mammary sentinel node, even in the presence of a large
primary tumour in an inner quadrant with axillary node metastases.
What about patients who do have metastatic disease in an internal mammary
sentinel node? Radiotherapists and medical oncologists should modify their
consensus protocols for radiotherapy and adjuvant systemic treatment to include
these patients. Incorporating the tumour-status of sentinel nodes outside the axilla in
the management may lead to better patient selection and improved regional control
and survival. One would like to examine these issues in randomised trials but such
trials will be difficult to conduct. For instance, an informed patient with a tumour-
positive internal mammary sentinel node might be hesitant to accept the risk of
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being excluded from adjuvant radiotherapy and systemic treatment.
How should we manage patients with a sentinel node outside the axilla but without
an axillary hot spot on the lymphoscintigraphy images? Twenty-three such patients
were encountered. Our policy to explore the axilla and to look for blue or radioactive
lymph nodes resulted in the retrieval of a sentinel node in eight of these patients. In
ten of the fifteen remaining patients, we refrained from an axillary lymph node
dissection, which would have been performed in the absence of an extra-axillary
sentinel node. One may argue that tracer uptake in an axillary sentinel node was
blocked by massive tumour infiltration. The risk of overlooking such a metastasis
was reduced by preoperative ultrasound of the axilla and careful intraoperative
palpation of the biopsy wound.47 No axillary recurrence was seen during follow-up
of these ten patients.
The more accurate staging that is the result from lymphatic mapping may have
repercussions for the TNM staging system. For instance, an internal mammary
lymph node metastasis is currently classified as N3. A metastasis in an internal
mammary sentinel node is detected at an early stage and carries a prognosis that is
probably not much worse than is true for an involved sentinel node in the axilla,
which is classified as N1. Another subject of debate is the clinical relevance of
micrometastasis, especially if detected by techniques like step sectioning or
immunohistochemical staining.48 Six of seventeen patients (35%) had an internal
mammary node metastasis smaller than 2 mm. A future evaluation of the TNM
system needs to address these issues.

Conclusions 

Lymphatic drainage to sentinel nodes outside levels I and II of the axilla was found
in 27% of the patients. Such nodes contain relevant staging information. Specific
technical elements are essential to identify and harvest these lymph nodes. Sentinel
nodes outside the axilla could be surgically identified in the majority of the patients
and contained metastasis in 20%. The extra-axillary sentinel node was the only
tumour-positive lymph node in 5% of all patients with tumour-positive sentinel
nodes. The postoperative management was changed in 17% of patients with extra-
axillary sentinel nodes. Despite the uncertain sensitivity we recommend the pursuit
of non-axillary sentinel nodes because of the improved staging, the therapeutic
implications and the minimal morbidity.
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he management of patients with clinically node negative penile carcinoma is
still surrounded by controversy. Standard regional lymph node dissection
(LND) results in about 40-60% overtreatment with a considerable rate of
postoperative complications.1-5 In order to decrease the number of

unnecessary LND and to improve the detection of occult metastases better staging
procedures are mandatory. This is particularly valid for patients with stage T2 or
greater, because the risk of metastasis for patients with carcinoma in situ, and T1
tumours is negligible.
In 1977, Cabañas investigated the basic concept that the lymphatic of the penis drains
to one or a group of nodes, the sentinel lymph node, that appeared to be the primary
site of metastases from penile carcinoma.6 In 1992, Morton and co-workers introduced
the concept of lymphatic mapping with sentinel lymph node biopsy for melanoma.7 In
more recent years the sentinel node procedure has been extensively validated for
breast cancer and other malignancies.8,9

The work of Cabañas, who performed lymphatic mapping by means of lymph-
angiography via dorsal lymphatics of the penis, the wide experience with lympho-
scintigraphy for sentinel node biopsy as well as our initial results with this procedure
in carcinoma of the penis, led us to evaluate penile lymphoscintigraphy for sentinel
node identification.10,11

Materials and methods 

The evaluation involved 74 consecutive patients (mean age 62 years, range 28 to 87
years) with squamous cell carcinoma of the penis who were referred to the
Department of Nuclear Medicine for lymphoscintigraphy between January 1994 and
January 2000. Only patients with clinically lymph node-negative stage T2 or greater
were included.
Thirty minutes after local anaesthesia by xylocaine 10% spray, a mean dose of 65 MBq
(range 40 to 131 MBq) technetium-99m (99mTc) nanocolloid (Amersham Cygne,
Eindhoven, The Netherlands) in a volume of 0.3 to 0.4 ml was intradermally
administered around the tumour, raising a wheal (figure 1). Injection was divided into
three or four depots of 0.1 ml. The tracer was injected proximally from the tumour. For
large tumours not restricted to the glans, the tracer was administered in the prepuce.

Figure 1. A: Intradermal tracer
administration around the pri-
mary lesion in a patient with a
T2 squamous cell carcinoma of
the penis. B: Dynamic image
performed a few minutes after
99mTc-nanocolloid injection (T)
showing drainage to both groins
with visualisation of lymph
channels (open arrows) and
lymph nodes (solid arrows).
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Shortly after tracer injection, anterior dynamic 20-second images of the affected region
were acquired over a period of 20 minutes using a dual-head camera (ADAC, Milpitas,
CA, USA) with low-energy high-resolution collimators. Subsequently, 5-minute
anterior and lateral static images were obtained at 30 minutes and 2 hours with
simultaneous transmission scanning using a 57Co flood source. The location of the
sentinel node was defined using 57Co markers and indicated on the skin with ink.
Criteria to distinguish the sentinel node from secondary lymph nodes were the
visualisation of an afferent lymphatic vessel leading from the injection site to the
lymph node or, if no afferent vessels were seen, the first lymph node appearing in a
basin.
Shortly before surgery, which was performed the day after scintigraphy, 1 ml of patent
blue (Blue Patenté V, Laboratoire Guerbet, Aulnay-sous-Bois, France) was
intradermally injected around the tumour in the same way as injection of the
radiopharmaceutical. Subsequently, measurements were made over the skin marks
with a gamma-ray detection probe (Neoprobe 1500/2000, Johnson & Johnson
Medical, Hamburg, Germany) to confirm the location of the sentinel node as seen on
scintigraphy. Following a small skin incision, the sentinel node was identified after
careful dissection of the afferent blue vessel and after confirmation with the probe that
the blue node was radioactive. After removal of the sentinel node, the wound was
controlled for remaining radioactivity with the gamma probe. Closure of the wound
was followed by treatment of the primary tumour. Pathological examination of
sentinel lymph nodes included routine paraffin sections at multiple levels with
hematoxylin and eosin staining in all patients as well as immunohistochemistry with
CAM 5.2 (Becton Dickinson, San José, CA, USA) and pankeratin in the last 64 patients.
Standard regional LND with or without iliac node dissection was reserved for patients
with a sentinel node positive for metastasis. Follow-up was performed at 2-month
intervals during the first 2 postoperative years, at 3-month intervals in postoperative
year 3 and every 6 months thereafter.

Figure 2. A: Dynamic sequence showing
drainage from the tumour site (T) to the
right groin. B: Delayed static image after
2 hours confirming unilateral drainage
with visualisation of one sentinel node in
the right groin.

 
 

Results 

Sentinel nodes were visualised in 72 of 74 patients (97%). Visualisation before 30
minutes occurred in 66 patients (93%), in 64 of them (88%) already during the dynamic
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study. Lymph channels were visualised in 60 patients (83%). Unilateral lymphatic
drainage (figure 2) was observed in 14 patients (19%), with drainage exclusively to the
left groin in nine (13%) and to the right groin in five patients (6%). Lymphatic drainage
to both groins was seen in 58 patients (81%). This bilateral drainage was synchronous
(figure 3) in 22 of these patients (38%) and asynchronous (figure 4) in 36 (62%). In 18
patients the initial route was the left groin and in the other 18, the right groin.

Figure 3. A: Dynamic scintigraphy
showing bilateral synchronous
drainage from the injection site to both
groins with visualisation of lymph
channels and sentinel nodes. B:
Anterior static image showing further
drainage to second-echelon nodes. C,
D: Lateral static images, which can
differentiate inguinal from iliac lymph
nodes.

Figure 4. A: Dynamic image showing
drainage from the injection site (T) to
the left groin with visualisation of one
dorsal penile lymph vessel, two
afferent inguinal lymph vessels and
two sentinel nodes. B: Static image
performed 2 hours after 99mTc-
nanocolloid injection showing delayed
sentinel node uptake in the right groin
(arrow).

A total of 173 sentinel nodes were visualised (85 in right groin, 88 in left groin). Pitfalls
were caused by inguinal skin contamination during injection in four patients and by
intracavernous administration in one patient. In the latter patient, at his own request,
re-injection performed one day later and led to sentinel node identification in both
groins.
The sentinel node was identified in all basins indicated by lymphoscintigraphy. A total
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of 161 sentinel nodes were identified and removed. Sentinel node metastases were
found in 16 patients (22%). These patients underwent standard regional lymph node
dissection subsequently. During follow-up (median 28 months, range 3 to 74 months),
two patients with a negative sentinel node developed lymph node metastases in the
mapped basin at 4 and 14 months. This led to a total sensitivity of 89% (16 of 18). The
negative predictive value of the method was 96% (54 of 56). Re-examination of
histology of the two false-negative sentinel nodes showed a micrometastasis in one
case in which immunohistochemistry had not been performed initially.

Discussion 

 
Since it visualised sentinel nodes in 97% of the patients and lymph channels in 83%,
penile lymphoscintigraphy appears to be a valid method for lymphatic mapping and
sentinel node identification in carcinoma of the penis. Use of local anaesthesia before
tracer administration ensures that the method is well tolerated and relatively easy to
perform. The acquisition protocol, similar to that used for sentinel node identification
in melanoma, yields good-quality dynamic and static images with adequate
discrimination of lymphatic channels and first-tier and secondary lymph nodes.
In concordance with the work of Cabañas, inguinal drainage was seen in all patients in
whom the sentinel node was visualised.12 Like Cabañas, we did not find so-called
prepubic lymph nodes or lymphatic vessels draining directly to the iliac nodes. After
peritumoural injection, the dorsal lymph channels of the penis were first observed,
with subsequent drainage to the groin (figure 1). In contrast with the findings of
Cabañas, who reported that a single dorsal penile lymphatic vessel injection opacified
lymph nodes of both sides in only 12% of the cases, in our study bilateral inguinal
drainage was the most frequent pattern of visualisation (81%). The difference may be
explained by the fact that injection of the tracer in various sites around the tumour
causes many lymphatic capillaries to be activated for drainage, leading to transport by
various major lymphatic channels of the penis.
In almost two thirds of the patients, bilateral drainage was asynchronous, with
visualisation of the contralateral side in delayed images. This leads us to recommend
late images in patients with initially unilateral drainage.
In patients with unilateral drainage only the visualised side was explored. Only one of
these patients developed lymph node metastases in the unexplored contralateral
groin, at 27 months after operation.
Discrepancies between the number of nodes seen at lymphoscintigraphy and the
number found at surgery may be explained in some cases by limited resolution of the
gamma camera: one hot spot may correspond to two sentinel nodes, and elongated
sentinel nodes may be visualised as two hot spots. However, addition of the blue dye
can provide better distinction between first- and second-echelon nodes.
The lack of a gold standard is a limitation in determining the clinical value of the
technique. To identify a recurrence at the earliest possible time, we therefore rely
heavily on early and frequent follow-up visits during the first three years after sentinel
node biopsy.4,13,14 One of the two false-negative biopsies was caused by a false-
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negative pathology report. Therefore, immunohistochemistry was added to routine
pathology analysis after the detection of a metastatic deposit, falsely reported to be
tumour-negative at the time of the dynamic sentinel node procedure. The second false-
negative result could have been due to purely technical factors, such as inadequate
intradermal injection of the radioactive tracer, or anatomical features causing blockage
of the lymphatic flow.
Despite these two false-negative cases, the sensitivity of the test was satisfactory (89%),
with a high negative predictive value (96%) and detection of metastases in 22% of the
patients. In almost 80% of patients in this series, an extensive lymph node dissection
was avoided. This emphasises one of the most important potential clinical benefits of
the procedure: the reduction of long-term complications of the treatment of penile
carcinoma.

Conclusion 

In trying to reduce the number of unnecessary lymph node dissections in penile
cancer, we prospectively assessed the value of lymphoscintigraphy for study of the
individual drainage pattern of the tumour. The technique is minimally invasive and
seems of promise for the early identification of clinically occult metastasis requiring
regional lymph node dissection. Lymphoscintigraphy may visualise uni- or bilateral
groin drainage of the tumour, enabling sentinel node localisation for subsequent intra-
operative identification by the gamma probe and blue dye. Regular follow-up at short
intervals is mandatory in order to identify and treat recurrences at the earliest possible
time.
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fter the first publication in 1960 about the use of the sentinel node status
to decide upon performing regional lymph node dissection, it took a long
time before the concept of sequential dissemination of cancer was
explored further.1 It was Cabañas who described the existence of a

sentinel node in the lymphatic drainage of the penis seventeen years later.2 Since
1965, lymphangiography was carried out via dorsal lymph vessels of the penis to
study the lymphatic drainage patterns. The first-echelon lymph node or sentinel
node was shown to be frequently located at the anterior or medial aspect of the
superficial epigastric vein. Cabañas excised the sentinel node according to its typical
anatomical location. In the absence of tumour in the sentinel node, no metastases
were found in the other inguinal lymph nodes in 31 patients. Despite these
promising results, this approach did not gain widespread acceptance because the
described methodology ignores variability in lymphatic drainage.
The development of the technique of lymphatic mapping by Morton and Cochran
from the John Wayne Cancer Institute at the end of the 1980s was a break-through in
making the sentinel node concept applicable to various types of malignancies.3 Their
original blue dye technique was complemented a few years later with a radioactive
tracer in combination with preoperative lymphoscintigraphy and the intraoperative
use of a gamma-ray detection probe. The technique of lymphatic mapping and
sentinel node biopsy has been validated by numerous studies in which the
predictive value of the first draining lymph node for the status of the other lymph
nodes in the lymphatic basin was determined.4,5

A few months after the first sentinel node biopsy for melanoma in The Netherlands
Cancer Institute in 1993, this new staging procedure was also introduced in the
management of penile cancer. Our initial experience with the dual-tracer technique
in combination with lymphoscintigraphy and a gamma-ray detection probe has been
published earlier. The purpose of the present study was to determine the reliability
of sentinel node biopsy in predicting nodal status of the inguinal regions and
determine its prognostic value after increasing the patient number and follow-up
period.

Materials and methods 

From January 1994 to April 2001, 82 consecutive patients with bilateral clinically
node-negative penile cancer were prospectively enrolled in this study. In addition,
eight patients with a unilateral N1 stage based on physical examination and fine
needle aspiration cytology were entered. These patients underwent sentinel node
biopsy for the clinically unaffected site. The mean age of the patients was 64 years
(range 28 to 90 years). The clinical stage of the primary tumour was T2 in 74 patients
and T3 in 16 patients. The histological type was squamous cell carcinoma in all
patients. The differentiation grade was grade I in 37 patients, grade II in 40, grade II
in 12 and unknown in another patient. Patients were not eligible for the study if the
primary tumour was staged as T1 or carcinoma in situ, because of the assumed low
risk of occult metastasis. Eighteen patients had previously undergone conservative
therapy for penile cancer and presented with recurrent tumour.
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The day before surgery, lymphoscintigraphy was performed after intradermal
injection of nanocolloid (Amersham Cygne, Eindhoven, the Netherlands) labelled
with 99mTc. The average net dose of the radiolabelled colloid was 68 MBq (range 36-
131 MBq). The tracer was administered at three or four sites around the tumour with
a total volume of 0.3 ml to 0.4 ml. Anterior dynamic lymphoscintigraphy was
performed during 20 minutes immediately after injection. Images were obtained
using a dual-head gamma camera (ADAC, Milpitas, CA, USA) with low energy
high-resolution collimators. Subsequently, 5-minute anterior and lateral static
images were obtained after 30 minutes and 2 hours post-injection. A hot spot in the
inguinal region was considered to be a sentinel node if an afferent lymphatic channel
was visualised or the hot spot was the first one seen in a sequential pattern. The
location of the sentinel node was marked on the skin using real time imaging and a
57Co-pen.
Shortly before surgery, 1.0 ml patent blue dye (Blue Patenté V, Laboratoire Guerbet,
Aulnay-sous-Bois, France) was intradermally injected around the tumour. The
sentinel node was identified and harvested after dissection of blue lymphatic vessels
and detection of radioactivity with a gamma ray detection probe (Neoprobe®,
Johnson & Johnson Medical, Hamburg, Germany). Sentinel node biopsy was
followed by local excision of the primary lesion or penile amputation during the
same session. Sentinel nodes were bisected, formalin fixated, paraffin embedded and
cut at six or more levels. Paraffin sections were stained with hematoxylin and eosin.
Immunohistochemical staining using pankeratin and CAM 5.2 (Becton Dickinson,
San Jose, CA, USA) was added to the pathological assessment after the tenth
procedure.
Routine confirmatory lymph node dissection was not performed. Standard inguinal
lymph node dissection with or without iliac node dissection was reserved for
patients with a proven lymph node metastasis. The incision for lymphadenectomy
was chosen in such a way that the biopsy scar was included in the resection
specimen. Sentinel node negative patients were observed. All patients were seen at
two-month intervals during the first two postoperative years, at three-month
intervals in the third postoperative year and every six months thereafter. Median
follow-up was 36 months (range 5-95 months). Two patients were lost to follow-up
because of immigration after five and sixteen months.
The Fisher exact test was used to compare sensitivity and negative predictive value
between subgroups of patients with a low and high risk of lymph node metastasis.
Disease-specific survival curves were constructed with the Kaplan-Meier method.
Analyses were performed with Statistical Package for the Social Sciences software
(SPSS, Chicago, Illinois, USA).

Results 

Lymphoscintigraphy visualised at least one sentinel node in 88 of 90 patients (98%).
Lymphatic drainage to both groins was seen in 71 patients (81%) and unilateral
drainage in the other 17 patients (19%). Seven of eight unilateral N1 tumours
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showed bilateral drainage and drainage to the unaffected site only was seen in the
remaining one. Lymphatic drainage was visualised in all 18 patients who had
previously undergone conservative therapy for penile cancer (14 patients with
bilateral drainage, 4 patients with unilateral drainage). A total number of 217
sentinel nodes were visualised in 159 inguinal regions with a mean number of 1.4
(range 1 to 5). Surgical exploration was performed in 152 of 172 clinically node-
negative inguinal regions. Exploration of the other 20 node-negative basins was not
performed because of lymphoscintigraphic non-visualisation (19 basins) or because
of the absence of a radioactive count rate higher than the background count rate
during operation (1 basin). Only one basin without visualisation of a sentinel node
on the lymphoscintigram was explored, but no sentinel node was found. The
sentinel node could be successfully identified during operation in 149 of the
remaining 151 inguinal basins. The overall surgical identification rate was 98% per
inguinal region (149/152) and 98% per patient (88/90). The median time interval
between incision and identification of the sentinel node was nine minutes (range 2 to
71 minutes). The results are summarised in figure 1.

Figure 1. Scintigraphic and intraoperative findings in 90 penile cancer patients undergoing dynamic sentinel
node biopsy. Number of patients (number of inguinal regions) are given.

90 T2-3 penile cancer patients (180 inguinal regions)
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Successful identification of 207 sentinel nodes
in 149 of 152 explored inguinal regions
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Differences between the number of visualised and the number of excised sentinel
nodes were encountered in 34 inguinal regions of 30 patients. Additional sentinel
nodes were excised in 18 inguinal regions. Not all hot spots that were defined as
sentinel node could be surgically identified in the other 16 groins. A total of 207
sentinel nodes were harvested with a mean number of 1.4 per basin (range 1-3).
Fifty-seven sentinel nodes (28%) were only radioactive and 150 (72%) were both blue
and radioactive. The following postoperative complications occurred after dynamic
sentinel node biopsy: wound infection in five patients, wound abscess in two, skin
edge necrosis in one, wound dehiscence in one and seroma in another patient.
Lymphedema after sentinel node biopsy alone did not occur.
Pathological examination revealed sentinel node metastasis in 19 inguinal regions of
18 patients. Four of eight patients with unilateral clinically N1 stage had a tumour-
positive sentinel node at the contralateral site. Sentinel node metastasis was found in
15 of 77 grade I or II tumours (19%) and in 3 of 12 grade III carcinomas (25%). The
tumour-positive sentinel node was only radioactive in 4 of 19 basins (21%) and both
blue and radioactive in the remaining cases. All patients with a tumour-positive
sentinel node underwent standard regional lymph node dissection one to two weeks
postoperatively. The sentinel node was the only tumour-positive lymph node in 14
of these 19 tumour-positive basins (74%).
Regional recurrence necessitating inguinal node dissection after excision of a
tumour-negative sentinel node was seen in four patients. A fifth patient developed a
unilateral lymph node metastasis after 27 months in a basin that was not initially
explored because a sentinel node was not depicted on the images. This results in a
false-negative rate of 22% (5 of 23) and a negative predictive value of 93% (67 of 72).
The results of sentinel node biopsy stratified to risk of lymph node metastasis are
displayed in table 1.

Table 1. Results of sentinel node biopsy stratified by risk of lymph node metastasis based on differentiation
grade of the primary tumour and clinical evaluation of the regional lymph nodes.

Low risk
(grade I / II, bilateral cN0)

High risk
(grade III or unilateral cN1)

P

Total no. patients 70 20

Total no. groins explored 122 28

True-positive SN 12 7

False-negative SN 2 3

True-negative SN 108 18

Sensitivity (%) 86 70 0.62*

Negative predictive value (%) 98 86 0.029*

SN=sentinel node; *=Fisher exact test

Details of the five cases in which the sentinel node procedure failed to identify
lymph node metastasis are provided in table 2. Additional sections at 150 µm
intervals of the original tumour-negative sentinel node revealed a micrometastasis in
one of four patients (table 2).
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Table 2. Characteristics of five patients in whom a regional recurrence occurred after excision of a negative
sentinel node (no. 1, 2, 4, 5) or after non-visualisation on lymphoscintigraphy (no. 3). All recurrences were
treated with regional lymph node dissection.

No. Age Stage Lymph node
status

Regional
recurrence

Survival
(months)

Patient
status

L R L R

Time to
recurrence
(months)

Reason for failure

1 83 T2G1 SN+ SN- + + 7 14 DOD Sampling error by the
pathologist

2 68 T2G3 SN- SN- + - 4 72 NED ?

3 49 T2G3 SN+ NE - + 27 60 NED No tracer uptake by tumour
blockage?

4 64 T2G1 SN- cN1 + - 6 8 NED ?

5 73 T2G2 NE SN- - + 7 8 NED Not all visualised hot spots were
identified

L=left groin; R=right groin; SN+ =tumour-positive sentinel node; SN- =tumour-negative sentinel node; NE=not explored;
DOD=dead of disease; NED=alive, no evidence of disease.

The estimated three-year disease specific survival rates were 98% and 71% for
patients with a tumour-negative or tumour-positive sentinel node respectively (log
rank test, P = 0.0018; figure 2). The only patient with a tumour-negative sentinel
node who died because of disease had a sarcomatoid squamous cell carcinoma and
developed a local recurrence and distant metastases after four and six months
respectively without evidence of lymph node metastasis.
 

 

 

 

 

 

 

 

Figure 2. Kaplan-Meier
plot of disease specific
survival in patients with a
tumour-negative or tumour-
positive sentinel node (SN).
Eight patients with a
unilateral clinical N1 stage
were excluded from sur-
vival analysis. Numbers of
patients at risk are pro-
vided at each point of time.
P = 0.0018 (log rank test)Time after operation (months)
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Discussion 

Accurate staging in penile cancer is of importance for selection of patients who may
benefit from regional therapy in addition to treatment of the primary carcinoma. The
incidence of occult lymph node metastases in clinically node-negative patients is
about 20%.6 Elective inguinal node dissection in all patients will identify these
patients, but at the cost of substantial morbidity.7 Overtreatment resulting from this
approach is avoided by adopting a ‘wait and see’ policy with therapeutic lymph
node dissection at the time of regional recurrence.8 The argument against a
surveillance policy is the assumed negative impact of delayed lymphadenectomy on
survival.9

Several investigators have tried to solve the problem of selection of patients in
whom early inguinal lymphadenectomy is indicated. Histopathological
characteristics of the primary tumour have been found to be of predictive value for
occult lymph node metastases. These factors are local tumour stage, differentiation
grade, depth of invasion and the presence of vascular invasion.8-12 However, using
these predictors to define patient populations at a low or high risk of nodal
involvement will result in substantial false-positive and false-negative rates.10

Sentinel node biopsy as proposed by Cabañas was a minimally invasive procedure
to determine the lymph node status in a direct way.2 Unfortunately, selective lymph
node dissections based on this static anatomical concept failed to reach the desired
diagnostic accuracy.13,14 Sentinel node biopsy in the present form includes a
radioactive tracer and a vital dye to identify the lymph nodes on a direct drainage
pathway from the primary tumour. The overall sensitivity of 78% and negative
predictive value of 93% in the present study indicates that this technique needs
optimization to become a reliable staging procedure for clinically node-negative
penile cancer. The sensitivity of the procedure seems to be lower in patients who
were traditionally candidates for elective lymphadenectomy at our institution (grade
III primary tumour or unilateral cN1), but this difference was not statistically
significant (table 1). This observation stresses the importance of regular follow-up at
short intervals to identify and treat recurrences at the earliest possible time. Despite
the fact that not all occult lymph node metastases were identified, the sentinel node
status provided important prognostic information (figure 2).
Although all sentinel lymph nodes were found using the gamma ray detection
probe, the vital dye facilitates intraoperative identification and can discriminate
between first- and second-echelon nodes by visualising the afferent lymphatic vessel.
When discrepancies between the two detection methods are found, a lymph node
that is only radioactive should be considered as sentinel node if the corresponding
hot spot meets the criteria of a sentinel node during lymphoscintigraphy. In case of
doubt, a radioactive lymph node should also be considered as sentinel node, which
is illustrated by one of the false-negative cases (table 2).
Lymphoscintigraphy is essential to determine the lymphatic drainage pattern and
enables preoperative marking of the sentinel node on the skin.15 Based on their
initial experience in penile cancer, investigators at the M.D. Anderson Cancer Center
concluded that preoperative lymphoscintigraphy is complementary to intra-
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operative lymphatic mapping in the detection of microscopic metastases.16 The
limited discriminating power of the scintigraphy sometimes results in discrepancies
with surgical findings. An unresolved question is whether to explore both inguinal
regions in case of unilateral drainage on lymphoscintigraphy. Exploration of one of
20 basins with non-visualisation did not reveal a sentinel node, but a recurrence was
found in one of the 19 remaining regions. It may be hypothesised that blockage of
the afferent lymphatic vessel by tumour deposit prohibited the ingress of tracer in
the sentinel node of the latter patient. Based on this finding, we now recommend
exploration of a non-visualised basin. This may result in identification of blue
sentinel nodes without radioactivity. In addition, intraoperative palpation of the
biopsy wound might reveal firm lymph nodes completely replaced by tumour
without tracer uptake. This may prevent false-negative results.
What about the indications for sentinel node biopsy? One may wonder if the
lymphatic drainage will be altered due to local treatment. Lymphatic mapping in
melanoma is mostly performed after excision of the primary tumour with narrow
margins. Several studies in breast cancer did not demonstrate an impaired accuracy
of the technique after excisional biopsy.17 Lymphatic drainage of the penis seems to
be less complex than in these two malignancies which suggest that patients who had
undergone previous local excision or partial penile amputation can be included as
well.18 Ultrasound in combination with fine needle aspiration cytology may be
added to the preoperative assessment of the groin to define the indication for
sentinel node biopsy. The findings of Moskovic et al. who applied this approach in
vulvar cancer are therefore noteworthy, because of the similar dissemination
pattern.19 De Kanter et al. concluded that sentinel node biopsy could be avoided in
17% of clinically node-negative breast cancer patients by performing preoperative
ultrasonography of the axilla in combination with fine needle aspiration cytology.20

Patients with unilateral proven N1 stage can be candidates for lymphatic mapping of
the opposite side. In four of eight such patients, the sentinel node on the
contralateral side was tumour-negative and only unilateral inguinal
lymphadenectomy was performed. However, in one of these patients, a regional
recurrence occurred during follow-up (table 2).
Implementation of a new technique requires engagement of all involved disciplines.
Nuclear medicine physicians have to perform adequate tracer injection and
sequential imaging to visualise all lymph nodes on a direct drainage pathway. The
pathologist should scrutinise the lymph node to minimise the risk of a sampling
error. The finding of a micrometastasis in retrospect in one of the false-negative cases
resulted in the addition of immunohistochemical staining to the routine pathological
assessment of sentinel nodes. Finally, the urologist has to be familiar with the
technique of intraoperative lymphatic mapping and has to pass a learning phase.
Exploration of non-visualised basins should be considered to detect lymph nodes
completely replaced by tumour without uptake of tracers. Ultrasonography of the
groins may help to identify such lymph nodes preoperatively. Further study is
needed to determine if such measures result in improvement of the accuracy of the
technique.
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Conclusions 

With a sensitivity of about 80%, dynamic sentinel node biopsy based on the
technique of lymphatic mapping is a promising method to detect occult metastases
in penile cancer, but attempts to improve the accuracy have to be evaluated in the
future. In combination with frequent control during follow-up, we provide the
patient a staging procedure with prognostic information and a low rate of morbidity
by preventing unnecessary lymphadenectomy.
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he management of the regional lymph nodes in stage I testicular cancer is
still surrounded by controversy. As a result of the low incidence of occult
lymph node metastases, primary treatment for non-seminomatous germ
cell tumours (NSGCT) in the form of retroperitoneal lymphadenectomy or

chemotherapy results in overtreatment with associated morbidity in 70% to 75% of
the patients. Overtreatment in seminomatous germ cell tumours (SGCT) with
routine adjuvant radiotherapy is even higher, because occult metastases are present
in less than 20% of the patients. On the other hand, a surveillance policy results in
detection of lymph node metastases at a later stage and requires an intensive,
frequent follow up with costly examinations. Until now, methods for selection of
patients who need adjuvant therapy are not satisfactory.
There is a need for techniques to predict which patients are most likely to have
occult retroperitoneal disease. Positron emission tomography (PET) has been used in
testicular cancer for the evaluation of postoperative beds to find residual tumour,
but was found to be unreliable for staging.1 The technique of lymphatic mapping
with sentinel node biopsy can potentially be the solution for the selection problem.
Before the sentinel node era, lymphoscintigraphy using intratesticular injection of
colloidal gold (198Au) has been described in literature.2,3 The purpose of the present
study was to determine the feasibility of lymphoscintigraphy using technetium-99m
(99mTc) nanocolloid for identification of the sentinel node in testicular cancer.

Patients and methods 

Five patients with clinically stage I testicular cancer underwent lymphoscintigraphy.
The mean age of the patients was 36 years (range 21 to 52 years). The primary
tumour was situated on the right side in one patient and on the left side in four
patients. Except for the first patient, local anaesthesia was obtained with a funicular
block using lidocain 2%, performed by the urologist in the outpatient clinic. In the
nuclear medicine department, a single dose of 99mTc-nanocolloid (Amersham Cygne,
Eindhoven, the Netherlands) in a mean volume of 0.22 ml (range 0.15 to 0.30) was
injected with a fine type of needle into the funiculus in the first patient and into the
testicular parenchyma in the following four patients. The mean dose was 99 MBq
with a range from 52 to 135 MBq.
Shortly after injection, anterior and lateral dynamic twenty-second images were
obtained with a dual-head gamma camera (ADAC Vertex, Milpitas, CA, USA)
during ten minutes to visualise the lymphatic flow and to determine the sequence of
hot spots that appear. Static images with a cobalt-57 source behind the patient were
obtained during five minutes immediately following the dynamic study. Late static
images were obtained two to 24 hours after injection.
In the last two patients, lymphoscintigraphy was followed by intraoperative
lymphatic mapping via a transperitoneal laparoscopic approach on the same day.
The sentinel node was identified with the aid of intratesticular injected patent blue
dye in a volume of 1.0 ml and an endoscopic gamma ray detection probe
(Europrobe, Euromedical Instruments, Le Chesnay, France). This study protocol was
approved by the Medical Ethical Committee and informed consent was obtained.
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Results 

The funicular administration route in the first patient resulted in five hot spots in the
ipsilateral inguinal region after two hours, representing lymphatic drainage from the
scrotum (figure 1). Intratesticular administration resulted in visualisation of one
sentinel node in the ipsilateral para-aortic region in two patients (figure 2), two
sentinel nodes in the ipsilateral para-aortic region in one patient and lymph node
uptake was absent in the remaining patient. All retroperitoneal sentinel nodes
together with afferent lymphatic vessels were visualised during the dynamic study.
Static images revealed multiple second- and higher-echelon lymph nodes in the
three patients with visualisation. In one of these patients, a hot spot in the superficial
inguinal region was observed after two hours in addition to the hot spots in the
retroperitoneal area (figure 3).

Figure 1. Lymphoscintigraphy after injection of 99mTc-
nanocolloid in the right funiculus (F) showing five hot
spots in the ipsilateral inguinal region after two hours,
representing lymphatic drainage from the scrotum.

Figure 2. Lymphatic drainage of a testicular carcinoma
(T) via an afferent lymphatic vessel to a sentinel node
(arrow) and multiple higher-echelon lymph nodes in the
para-aortic region.

F

T
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Figure 3. A: Dynamic study after injection of 99mTc-nanocolloid in the left testicle with visualisation of a lymphatic
vessel draining to a sentinel node in the para-aortic region. B: Anterior image after 2 hours revealed a lymph
node in the left groin (arrow), representing lymphatic drainage from the scrotum because of spill in the needle
tract.

Lapararoscopic exploration revealed two radioactive sentinel nodes without blue
discoloration adjacent to the aorta near the origin of the renal vessels in one patient.
Exploration in the patient without visualisation on lymphoscintigraphy did not
result in identification of a radioactive or blue-stained sentinel node, but two lymph
nodes without tracer-uptake were harvested. All excised lymph nodes were free of
tumour.

Discussion 

This study shows the feasibility of lymphoscintigraphy to identify sentinel lymph
nodes in testicular cancer patients. The method is easy to perform and is well-
tolerated. No side effects were observed. Lymphoscintigraphy can potentially be of
clinical value in combination with an intraoperative technique of lymphatic mapping
to identify occult lymph node metastases in clinically node-negative testicular
cancer. This approach enables better selection of patients who may benefit from
adjuvant therapy after orchiectomy and avoids unnecessary morbidity. In our
institution, the current adjuvant treatment for stage I testicular cancer consists of
radiotherapy to the para-aortic and ipsilateral pelvic nodes in SGCT and
chemotherapy in the form of BEP (bleomycin, etoposide and cisplatin) with or
without salvage surgery in case of relapse during surveillance in NSGCT. The main
disadvantage of radiotherapy to this region is the two- to three-fold increased risk of
secondary solid tumours. Chemotherapy regimens for NSGCT are associated with
long-term toxicity such as decrease in glomerular filtration, Raynaud’s phenomenon,
impaired spermatogenesis, ototoxicity and neurotoxicity, besides the acute toxicity.4

A B
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In other institutions, routine retroperitoneal lymphadenectomy is still applied in
NSGCT patients. The use of nerve-sparing and unilateral lymphadenectomy has
reduced morbidity, but ejaculatory dysfunction, for example, occurs in about 10%.5

Some studies have tried to solve the problem of patient selection by identifying
factors associated with occult lymph node metastases, such as tumour size, tumour
invasion of testicular lymphatics and veins, and tumour marker half-life.6,7 However,
patient selection based on these factors will result in high false-negative and false-
positive rates.
Detection of occult lymph node metastases in a direct way has been shown to be
more promising. Following the work of Cabañas and Morton who were the pioneers
in exploring the sentinel node concept, the technique of lymphatic mapping has
gained widespread popularity in the treatment of several malignancies.8 The
hypothesis of sequential dissemination was also explored in testicular cancer. In
1987, Weissbach and Boedefeld stated that "a more limited approach strictly for the
purpose of pathological staging, which aims at the prevention of long-term damage
without compromising diagnostic accuracy, must be based on the knowledge of the
pathways of lymphatic dissemination and, particularly, on the first site of nodal
involvement".9 The primary sites of lymphatic drainage have been defined by
looking for the sites of a solitary metastasis in retroperitoneal dissections.9 The
variability in anatomical patterns as shown in these studies requires the use of the
technique of lymphatic mapping to identify the lymph nodes on a direct drainage
pathway from the primary tumour.
In analogy to funicular lymphangiography, we started with funicular injection of the
radiocolloid for lymphoscintigraphy, because this was assumed to be the least
painful administration route. But at the level of the funiculus, only a few collecting
lymphatic vessels are present and it is hard to inject the radiocolloid exactly into
these vessels unless these are surgically canulated. Consequently, the radiocolloid
will be absorbed by lymphatic capillaries of the scrotum with subsequent drainage to
superficial inguinal nodes (figure 1). Therefore, we changed the administration route
after the first patient. Even when intratesticular injection is performed, inguinal
drainage may occur because of spill in the needle tract through the scrotum as we
observed in one patient (figure 3). The rapid lymphatic drainage form the testicle
necessitates dynamic gamma camera acquisition to enable differentiation between
first- and second-echelon lymph nodes in the retroperitoneum. Late images seem to
be indicated to exclude unexpected drainage patterns.
Following the lymphoscintigraphy, we performed a laparoscopic retroperitoneal
sentinel node biopsy in the same session as orchiectomy in two patients. The
laparoscopic approach requires longer operative time than an open procedure, but it
is a minimal invasive procedure with low rates of intraoperative and postoperative
complications and short convalescence to normal life. In none of the two explored
patients blue lymphatics or blue nodes were encountered, probably due to
inadequate timing of injection. Further experience is needed to determine the proper
use and value of blue dye, especially in patients without scintigraphic visualisation.
What might be the consequences for adjuvant treatment in the future if the described
sentinel node procedure turns out to be a technically successful and reliable
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technique? Sentinel node positive patients can be treated with an adjuvant short-
course chemotherapy or radiotherapy in case of NSGCT or SGCT respectively.
Investigators who used two courses of BEP to treat clinical stage I NSGCT show that
more than 95% of the patients with occult lymph node metastases can be cured with
short course chemotherapy.10 This results in reduction of chemotherapy and dose
related morbidity, because otherwise NSGCT patients with lymph node metastases
during surveillance would have been treated with four courses of chemotherapy in a
later phase. The approximate 80% reduction in the routine application of adjuvant
radiotherapy for SGCT obviously leads to a substantial reduction of morbidity as
well.

Conclusion 

Preliminary data shows that lymphoscintigraphy for sentinel node identification is
feasible in stage I testicular cancer using intratesticular radiocolloid administration.
In combination with laparoscopic sentinel node biopsy, identification of occult
lymph node metastases may prevent under- or overtreatment in the future.
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he sentinel node is the first lymph node reached by metastasising cells
from a primary tumour. The sentinel node concept has been proven to be
valid in numerous studies.1,2 False-negative biopsies can occur because of
re-routing of lymphatic drainage by tumour blockage, variability of lymph

flow, sampling error by the pathologist and inexperience of the surgeon.3 The latter
point has been addressed in the literature several times.4,5 One of the main topics in
this discussion concerns the learning phase. There are two aspects to identify the
sentinel node: “finding” the node and establishing that the excised lymph node is
indeed the “correct” node. The ability to find the node is expressed as the
identification rate. The sensitivity reflects the ability of the surgeon to remove the
correct node. The latter is indicated by the absence of tumour-positive nodes
elsewhere in the regional basin in case of a tumour-negative sentinel node. Both
elements play a role in the learning phase.
Some data about the initial experiences in sentinel node biopsy of individual
surgeons have been published. Eleven surgeons participated in the multicentre
validation trial in breast cancer, published by Krag and colleagues.6 The number of
sentinel node biopsies per surgeon ranged from 16 to 51 with a total number of 443
procedures. The success rate differed significantly among the participating surgeons
with a minimum of 79% and a maximum of 98% identification. The false-negative
rate ranged from 0% to 29%. In a study of Cody et al., the identification rates of the
four most experienced surgeons were between 92% and 96% and the false-negative
rates between 7% and 20%.5 Bass and colleagues found that five surgeons obtained a
90% success rate (+/- 4.5%) after 23 sentinel node biopsies on average, and 95% (+/-
2.3%) after 53 sentinel node biopsies in breast cancer.4 In melanoma, the existence of
a learning curve for sentinel node biopsy was demonstrated at The Netherlands
Cancer Institute.7 The identification rate with the use of patent blue dye alone
increased from 87% to 96% for one surgeon and from 76% to 86% for another
surgeon. Almost all sentinel nodes (99.5%) were identified by adding the gamma-ray
detection probe.
An institutional experience in sentinel node biopsy is made up by the experiences of
the individual surgeons. A starting surgeon can either learn from his experienced
colleagues or has to introduce the new procedure starting from scratch. The surgeon
may find it helpful to attend a teaching course first.8 There are also several books
and CD-ROMs that may help in the preparation.9-14

This article discusses the effect of the number of patients in the learning phase for
sentinel node biopsy on the precision with which the identification rate and
sensitivity can be assessed and hence on the probability to correctly or incorrectly
accept the quality of the performance of a surgeon or institution.

Methods 

The identification rate is defined as the percentage of all patients undergoing a
sentinel node procedure in whom a sentinel is identified. In case of a tumour-
positive lymphatic basin, the sentinel node can be true-positive or false-negative.
The false-negative rate is defined as the number of false-negative procedures
divided by the sum of the true positive and false-negative procedures:
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False-negative rate = x 100%

The sensitivity is defined as the complement of the false-negative rate:

Sensitivity = x 100%

Calculations are done for four learning phases with a total number of sentinel node
procedures of 25, 50, 75 and 150. The numbers of tumour-positive procedures
corresponding with the chosen group-sizes are based on the assumption that 40% of
the breast cancer patients will have lymph node metastases.15 This results in 10, 20,
30 and 60 tumour-positive procedures for the different learning phases. The
acceptable long-term non-identification rate as well as false-negativity is assumed to
be 5%. In addition, results for long-term false-negativity of 10%, 15% and 20% are
also calculated for the groups of 20 and 60 tumour-positive procedures.
Critical values are defined for non-identification rate and false-negativity, in such a
way that the quality of the procedure is accepted if both observed non-identification
rate and false-negativity are lower than their critical value. Using the binomial
distribution, it is then possible to calculate the probability that an observed non-
identification rate or false-negativity is lower than its critical value, given a certain
long-term non-identification rate or false-negative rate for the surgeon or centre.
Depending on the assumed long-term value, the calculated probability is the chance
to correctly or incorrectly accept the quality of a surgeon or centre. The chance of not
accepting the quality is defined as the probability that an observed result is equal or
higher than its critical value. Critical values to be used are given in the results
section.

Results 

Figure 1 illustrates the impact of the number of operations on the probability of
failure to identify a sentinel node in a certain percentage of patients, given a 5%
long-term non-identification rate. A surgeon with the inherent ability to find 95% of
the sentinel nodes (probability of non-identification of 5%) still has a 13% chance of
an observed non-identification rate of at least 10% (critical value) if the number of
patients in a learning phase is only 25. This chance is 10%, 3% and 1% if the same
surgeon performs 50, 75 and 150 procedures respectively. These probabilities
represent the sum of the bars that are visible on the 10% level and higher levels in
figure 1.
The first two probabilities (13% and 10%) of incorrectly rejecting the quality of the
identification rate can be reduced to 5% if a critical value of 16% (N=25) or 12%
(N=50) is used. But then of course the probability of inadvertently accepting a high
long-term non-identification rate will be increased.

false-negative

true-positive + false-negative

true-positive

true-positive + false-negative
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Figure 1. Binomial distribution showing the percentages of not-identified sentinel nodes based on the probability
of non-identification of 0.05. The numbers on the Z-axes represent the four groups with 25, 50, 75 and 150
sentinel node procedures. The probability corresponds with the height of a bar and represents the chance of
finding a certain non-identification rate.

Figure 2. Binomial distribution showing the false-negative rate in 10, 20, 30 and 60 tumour-positive (T+) sentinel
node procedures based on the probability of a false-negative sentinel node of 0.05.
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The chance of incorrectly accepting an actual identification rate of 85% in the
different group sizes is 25% (N=25), 11% (N=50, N=75) and 3% (N=150). The critical
value should be adapted from 10% to 4% (N=25) or 8% (N=50, N=75) to reduce the
first two probabilities (25% and 11%) to less than 5%. However, the use of these
critical values will result in a chance of 36% (N=25), 10% (N=50) and 8% (N=75) to
reject a 95% long-term identification rate.
Similar histograms can be made for the false-negative rate (figure 2). A striking
difference in comparison to figure 1 is the more extended range of values with the
same probability of 0.05. This phenomenon is caused by the fact that the false-
negative rate is based on a subgroup of all patients who undergo sentinel node
biopsy, namely those with tumour-positive lymph nodes. Consequently, the group
size of a learning phase should be based on the desired certainty about the safety of
the procedure in terms of a low false-negative rate. For a surgeon with an actual
false-negative rate of 5%, the chance of finding a false-negative rate of at least 10%
(critical value) is 40%, 26%, 19% and 8% if the learning phase contains 10, 20, 30 and
60 tumour-positive procedures respectively (figure 2). These probabilities of
incorrectly rejecting the sensitivity of the sentinel node procedure can be reduced to
5% if a critical value of 30% (N=10), 20% (N=20), 17% (N=30) or 12% (N=60) is used.
However, this approach will increase the probability to accept a long-term false-
negative rate that is too high.

Figure 3. Binomial distribution showing the false-negative rate in a group of 20 axilla-positive patients based on
four different probabilities of a false-negative (FN) sentinel node, namely 0.05, 0.10, 0.15 and 0.20.

In figures 3 and 4, the probability to observe certain false-negative rates is displayed
based on four different long-term probabilities of a false-negative procedure. Figure
3 shows a substantial overlap between the binomial distributions based on twenty
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tumour-positive procedures when the probability of finding a false-negative sentinel
node is increased with steps of 5%. For example, the chance of incorrectly reaching a
favourable false-negative rate of less than 10% in these twenty patients is 18% for a
surgeon with a long-term probability of false-negative procedures of 15%. On the
other hand, a skilful surgeon with an actual 95% sensitivity has a 26% chance of
accidentally finding an unfavourable false-negative rate of 10% or more in a group
of 20 patients with involved lymph nodes. When the number of patients with lymph
node metastases is increased to 60, the binomial distribution histograms become
more separated from each other, enabling a more reliable conclusion about the
ultimate false-negative rate (figure 4). The previously calculated chances in 20
tumour-positive procedures are now reduced from 18% to 10% and from 26% to 8%.

Figure 4. Binomial distribution showing the false-negative rate in a group of 60 tumour-positive sentinel node
procedures based on four different probabilities of a false-negative (FN) sentinel node, namely 0.05, 0.10, 0.15
and 0.20.

Table 1 shows that if the chance of wrongly accepting a favourable result has to be
5% at the most, the critical value should be adapted to the number of positive
procedures. In twenty tumour-positive procedures the critical value of the false-
negative rate has to be 5% to have a less than 5% chance of incorrectly accepting a
long-term probability of false-negativity of 15% or higher. In 60 tumour-positive
procedures, the critical value can be increased to 8% to meet this requirement. With
only ten tumour-positive procedures, this goal cannot be reached (table 1). In
melanoma, the percentage of occult lymph node metastases is about 20%.7 A
learning phase should therefore be twice as long as in breast cancer to reach the
same statistical goals.
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Table 1. Probability of incorrectly accepting a false-negative rate of 15% or higher in a learning phase with 10, 20,
30 and 60 tumour-positive procedures.

Critical values* (%)Total no. of

SN procedures

No. of tumour-positive

SN procedures 2 3 5 7 8 10

25 10 - - - - - 20

50 20 - - 4 - - 18

75 30 - 1 - 5 - 15

150 60 0 0 0 1 4 10

SN=sentinel node; *=Critical values for false-negativity are defined in such a way that the quality of the sentinel node
procedure is accepted if the observed false-negative rate is lower than its critical value. The probability (%) of accepting the
quality is calculated for chosen group-size and critical value using the binomial distribution.

Discussion  

A realistic aim for the false-negative rate should be 5% or at least below 10%. Because
small deviations from these percentages are already considered to be unacceptable, the
confidence interval has to be narrow. Assuming that the ultimate false-negative rate is
5%, the chance of still finding a false-negative rate of at least 10% decreased from 40%
to 8% when the number of tumour-positive procedures increased from ten to 60
(figure 2). This explains why Krag and colleagues could not drawn firm conclusions
from the differences in false-negative rate, although statistically different identification
rates were found.6 The small number of patients with tumour-positive sentinel nodes
in their study (four to sixteen per surgeon) leads to huge binomial confidence intervals
between 0% and more than 60%.
This paper is focussed on the surgeon’s learning phase, but clearly other factors also
play a role. Several studies have pointed out that a combined technique of both patent
blue dye mapping and the use of a gamma ray detection probe after administration of
a technetium-labelled colloid is superior to a single agent technique.16-19 Tracer
migration from the dense dermal lymphatic network in melanoma results in a clearer
visualisation of the sentinel node in comparison to breast cancer and probably
influences the length of the learning curve in these two malignancies. There is
increasing evidence that preoperative lymphoscintigraphy is helpful.20 It is important
that the surgeon reviews the images together with the nuclear medicine physician. A
pathologist who scrutinises the lymph node using serial sectioning and
immunohistochemical staining is also essential. So, lymphatic mapping requires a
team effort. A surgeon, no matter how skilled, will never find 95% of the sentinel
nodes with a 95% sensitivity if not backed by a competent nuclear medicine physician
and a competent pathologist. Different teams may have different results. However, a
standardised technique within an institution allows evaluation and comparison of the
performance of individual surgeons.
Do identification rate and sensitivity go hand in hand? Theoretically, re-routing of
lymph flow to a neo-sentinel node because of tumour blockage does not hamper
identification of the neo-sentinel node that may still be tumour-free. In other words,



Chapter XIV138

such a false-negative case will not impair the identification rate. Krag described a
surgeon with a 98% success rate and a 27% (4 of 14) false-negative rate and another
surgeon with 79% identification and a false-negative rate of only 7% (1 of 14).6 From
this point of view, it is not sufficient to consider only identification rate as a parameter
in determining the length of a learning curve. The clinical impact of a false-negative
sentinel node procedure seems more pronounced than not finding the node, which
will be followed by an axillary lymph node dissection in breast cancer patients. The
false-negative rate should be the most important factor in discussions about the
number of procedures that have to be completed before reliable conclusions can be
drawn about the performance of a team.

The term learning curve suggests that most failures occur in the initial phase of the
new procedure. If this is true, our calculations on the required number of patients
should be considered optimistic. The binomial distribution assumes a constant
failure probability. Valid statistical inference on the basis of this model has to be
restricted to the subgroup of later patients in the learning curve for whom this can be
assumed. Other models for which this assumption is not necessary will always lead
to less precision than inference from a binomial distribution with the same number
of patients. Curves of sentinel node identification in breast cancer published by Bass
et al. indeed show a high initial non-identification rate of more than 30% after a few
procedures.4 Subsequently, the percentage of non-identification diminished
gradually and stabilised between 0% and 10% after about fifteen to 40 procedures. In
their recent experience with more participating surgeons, these investigators found
two other types of curves.21 The first one was a late onset of unsuccessful sentinel
node biopsies. The second one was an increasing non-identification rate from the
beginning. Late failures were significantly associated with a low individual surgical
volume index (number of procedures per month per surgeon). These observations
support the idea that good results in the initial series of procedures are not always
indicative for future procedures.
In the experience of Cody and associates, false-negative cases occur early in the
experience of a surgeon.5 Two of the four most experienced surgeons had their false-
negative biopsy in the first ten cases (case no. 1 and 6), and the other two in the next
ten cases (case no. 12 and 20). With exclusion of the first six biopsies of each surgeon,
the false-negative rate decreased from 11% to 5%. These observations are in contrast
to our own findings in 82 breast cancer patients who underwent sentinel node
biopsy with confirmatory axillary lymph node dissection, performed by three
surgeons. The sentinel node was false-negative in the 62nd and 78th procedure. It is
hard to draw conclusions from these findings, because of the low incidence and the
complex aetiology of false-negative procedures. The contribution of the surgeon to
the total false-negative rate of a multidisciplinary team in variable patient
populations based on different selection criteria cannot be determined exactly. One
aspect of the relation between false-negative results and the number of procedures is
indisputable: the false-negative rate will never be zero percent.

It is unclear how rigorously one should adhere to a certain false-negative rate. This
rate depends on how it is determined. Do false-negative biopsies have to declare
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themselves during follow-up as is customary for a learning phase in melanoma
patients? If completion regional lymph node dissection is done as is customary for a
learning phase in breast cancer, how rigorously are metastases in non-sentinel nodes
pursued? Is a truly complete nodal clearance carried out? Does the pathologist find
all the nodes in the chunk of fatty tissue that the surgeon submits? A team with a
skilful surgeon performing radical node dissections and a dedicated pathologist
examining all non-sentinel nodes with serial sectioning and immunohistochemistry
may find more tumour-positive non-sentinel nodes. Could it be that a better team
will have a higher false-negative rate?

How many procedures should a surgeon perform in order to be qualified to
implement lymphatic mapping in routine patient management? A total number of 20
to 30 procedures as proposed by Giuliano seems to be inadequate to reliably
calculate the safety of the procedure in the hands of a specific surgeon and the other
members of the multidisciplinary team.22 Morton suggested that an acceptable level
of technical skill requires success in 30 to 50 melanoma patients and 60 to 80 cases of
breast cancer.23 Our results show that at least 150 procedures, containing 60 with
lymph node involvement, are needed to make a somewhat reliable conclusion about
the quality of sentinel node biopsy. Even with this high number of procedures, there
is a chance of inadvertently characterising the quality as sufficient or insufficient. It
will take 750 patients with 300 tumour-positive basins to establish with 95%
certainty that a surgeon who has a non-identification rate of 5% and a false-negative
rate of 5% indeed has these capabilities within a range of 0% to 7%. It is unrealistic to
pursue these standards. Increasing numbers of well-informed breast cancer patients
nowadays are not willing to undergo a confirmatory axillary lymph node dissection
when a nearby hospital has abandoned confirmatory axillary node dissection. These
practical problems in controlled implementation of sentinel node biopsy were
illustrated by a survey among surgeons in the Netherlands.24 Routine complete
lymph node dissection in breast cancer patients was omitted by 43% of surgeons
who had performed less than ten procedures, by 44% of surgeons with less than 25
and by 70% after a learning phase of less than 50 procedures. A survey among
American surgeons who had attended a university-sponsored course showed that
almost all surgeons (95%) did not complete 30 validation cases and 55% of them
completed less than ten.25 In melanoma, the situation is even more complicated
because the incidence of the disease is less, the percentage of involved basins is less,
and confirmatory lymph node dissection is difficult to justify. Long-term follow-up
is needed to determine the actual false-negative rate. Still, increasing numbers of
melanoma patients wish to be informed about their lymph node status.
An important aspect in the decision about the length of a learning curve is to
determine a desired certainty that a result will be below a critical value. The chosen
critical value has an important impact on that certainty particularly in relatively
short learning phases as shown in this study. When the chance of incorrectly
accepting an actual false-negative rate of 15% or higher has to be reduced to a
minimum of 5%, the critical value has to be lower in smaller groups of patients (table
1); 5% in 20 tumour-positive procedures permitting no false-negative procedures.
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Series from high-volume centres and experienced investigators confirmed that the
sentinel node is the first lymph node reached by tumour cells in about 95% of all
metastasised tumours with a small confidence interval. These series however are no
guarantee of success for starting surgeons. Statistical analysis shows that a short
learning phase may not be representative for the ultimate sensitivity and may conceal
an unacceptable high recurrence rate in the future.

Conclusions 

Identification rate and false-negative rate are the two parameters in the discussion
about the learning phase. The false-negative rate is the most important one because
of its clinical impact and the fact that it is based on a subgroup of patients which
makes it the limiting factor. In breast cancer, the binomial distribution of the two
variables for different group sizes makes clear that an unattainable number of
procedures are required for a reliable judgement of the actual skills of a team
performing sentinel node biopsy. The often-suggested number of 30 procedures is
insufficient from a statistical point of view. At least 150 procedures, containing 60
with lymph node involvement, are needed to make a somewhat reliable conclusion
about the quality of sentinel node biopsy. In short learning phases, the critical value
of the identification and false-negative rate should be adjusted to reduce the chance
of incorrectly accepting a low quality of performance of lymphatic mapping. The
tumour type, technical aspects and the performance of other team members also
determine a surgeon’s learning curve. It is impossible to make recommendations
about the duration of the learning phase as a statistically sound learning phase is not
attainable in clinical practice and a clinically practical learning phase lacks the
desired statistical significance.
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ince completing a learning phase in breast cancer patients, we no longer
perform axillary lymph node dissection if the sentinel node is tumour-
negative.1 So far, a false-negative sentinel node biopsy has not been
reported after abolishing routine axillary lymph node dissection. In this

report, the first such case is described.

Case report 

A 46 year-old woman was referred to our hospital with a T2N0 right breast cancer.
Preoperative lymphoscintigraphy was performed after injection of 119 MBq
99mTechnetium-nanocolloid (Nanocoll, Amersham Cygne, Eindhoven, the
Netherlands) into the tumour. Dynamic imaging was performed followed by static
imaging at 20 minutes, 2 hours and 4 hours post-injection with a dual-head gamma
camera (ADAC Vertex, Milpitas, California, USA). An axillary sentinel node was
seen with two second-echelon nodes (figure 1).

Figure 1. Lymphoscintigram showing one axillary sentinel node with two second-echelon nodes, two hours after
injection on the anterior (A) and lateral (B) image. T = tumour site.

Before the incision, 1.0 ml patent blue dye (Laboratoire Guerbet, Aulnay-Sous-Bois,
France) was injected into the tumour at four sites. A blue lymphatic vessel was
followed to a blue-stained, radioactive lymph node (Neoprobe 1500, Neoprobe
Corporation, Dublin, Ohio, USA). The sentinel node was harvested and was found to
be free of disease on frozen section investigation. Palpation via the biopsy cavity
revealed two firm lymph nodes of less than 1 cm. These nodes contained no
radioactivity and were not blue but were removed because of how they felt. One of
these two non-sentinel nodes was tumour-positive on frozen section examination. A
wide local excision of the primary tumour was performed followed by a complete
axillary lymph node dissection.
Pathological evaluation showed a 2.1 cm infiltrating ductal carcinoma. Serial-
sections of the hot and blue sentinel node at fourteen levels with hematoxylin-eosin
staining and immunohistochemical staining confirmed the negative result of the
frozen section investigation. The involved non-sentinel node measured 0.4 cm and
showed massive tumour invasion. One of the other eighteen axillary lymph nodes
contained metastasis as well.
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Discussion 

Studies of sentinel node biopsy followed by routine axillary node dissection revealed
false-negative rates ranging from 0% to 40%.2 Several explanations for false negative
results can be considered. A tumour deposit may block ingress of the tracers and
direct the lymph flow to a neo-sentinel node.3 Van der Ent and co-workers
intraoperatively palpated nodes with massive tumour infiltration in the presence of
two histologically normal sentinel nodes.4

A second explanation can be that the hypothesis of step-wise involvement may not
be watertight: tumour cells may occasionally pass through a first-echelon node to
lodge in a secondary node.
Thirdly, the lymph flow within an individual is variable over time and not always to
the same lymph node(s).5 A sentinel node will pass unnoticed when it does not
receive lymph flow from a particular tumour site at the time when the tracer is
administered.
The fourth explanation of a false negative sentinel node biopsy can be the
inexperience of the surgeon and nuclear medicine physician.6

Finally, a micrometastasis in the sentinel node can be missed by the pathologist
because the number of sections is limited.7

In conclusion, relying on sentinel node status to decide on axillary node dissection
will occasionally lead to understaging. The exact incidence and the repercussions of
this phenomenon are still unknown at this time. We recommend palpation of the
sentinel node biopsy wound to minimise the incidence of understaging as a result of
false-negative sentinel node biopsy.

References 

1. Doting MHE, Jansen L, Nieweg OE, et al. Lymphatic mapping with intra-lesional tracer
administration in breast cancer patients. Cancer 2000;88:2546-52.

2. Nieweg OE, Jansen L, Valdés Olmos RA, et al. Lymphatic mapping and sentinel lymph node
biopsy in breast cancer. Eur J Nucl Med 1999;26:11-6.

3. Kapteijn BAE, Nieweg OE, Peterse JL, et al. Identification and biopsy of the sentinel lymph node
in breast cancer. Eur J Surg Oncol 1998;24:427-30.

4. Van der Ent FWC, Kengen RAM, Van der Pol HAG, Hoofwijk AGM. Sentinel node biopsy in 70
unselected patients with breast cancer: increased feasibility by using 10mCi radiocolloid in
combination with a blue dye tracer. Eur J Surg Oncol 1999;25:24-9.

5. Kapteijn BAE, Nieweg OE, Valdés Olmos RA, et al. Reproducibility of lymphoscintigraphy for
lymphatic mapping in cutaneous melanoma. J Nucl Med 1996;37:972-5.

6. Orr RK, Hoehn JL, Col NF. The learning curve for sentinel node biopsy in breast cancer:
practical considerations. Arch Surg 1999;134:764-7.

7. Turner RR, Ollila DW, Stern S, Giuliano AE. Optimal histopathologic examination of the sentinel
lymph node for breast carcinoma staging. Am J Surg Pathol 1999;23:263-7.





CHAPTER SIXTEEN

Internal Mammary Sentinel Lymph Nodes

in Breast Cancer Patients

S.J. Haryono, P.J. Tanis, O.E. Nieweg, R.A. Valdés Olmos, E.J.Th. Rutgers,
B.B.R. Kroon

Departments of Surgery and Nuclear Medicine, The Netherlands Cancer
Institute Antoni van Leeuwenhoek Hospital, Amsterdam, the Netherlands

Submitted



Chapter XVI148

he introduction of lymphatic mapping and sentinel node biopsy in the
management of breast cancer has refined axillary lymph node staging.1,2

Lymph node positive patients who may benefit from axillary clearance can
now be identified. Lymph node negative patients can be spared an

unnecessary lymph node dissection.3 The axilla is the generally recognised site of
lymph node metastases from breast cancer, however, this is not where all lymph node
metastases are located. In 1779, the Dutch anatomist and surgeon Petrus Camper
described that breast cancer may drain to lymph nodes along the internal mammary
artery.4 In 1952, Margottini introduced the extended radical mastectomy to remove
these lymph nodes.5 Removal of portions of the first three ribs and the sternum is an
integral part of this extensive operation. It has never been shown that this approach
improves survival rates.6 Extended radical mastectomy was abandoned and surgical
treatment of breast cancer steadily became more conservative.
The introduction of lymphatic mapping revived the surgical interest in internal
mammary lymph nodes.7,8 Lymphoscintigraphy can visualise these nodes. Their
removal and histological evaluation may identify metastatic disease in otherwise
node-negative patients and thus improve staging. Whether this should have
therapeutic implications is controversial. We present two cases to illustrate these
points.

Case one  

A 58-year old woman was referred to our hospital with a lower-outer quadrant
lesion of the left breast, detected at a mass screening program. The medical history
was unremarkable. Physical examination revealed no palpable lesion either in the
breast or in the axilla. The ultrasonography identified a 4 mm lesion with malignant
characteristics. Ultrasound-guided fine needle aspiration cytology showed
adenocarcinoma. The clinical diagnosis was T1N0M0 breast cancer and the decision
was made to perform breast conserving treatment and a sentinel node procedure.
Preoperative lymphoscintigraphy was carried out after ultrasound-guided injection
of 99.5 MBq 99mTechnetium-nanocolloid (Nanocoll, Amersham Cygne, Eindhoven,
the Netherlands) in 0.2 ml into the tumour. Dynamic imaging was followed by static
imaging at 15 minutes, 2 hours and 4 hours post-injection with a dual-head gamma
camera (ADAC Vertex, Milpitas, California, USA). The images at 15 minutes showed
no lymphatic drainage. Two left axillary sentinel nodes were seen after two and four
hours (figure 1). There was also drainage to the left internal mammary chain where
two sentinel lymph nodes were visualised. The nuclear medicine physician marked
the location of the sentinel nodes on the skin.
The operation was performed on the subsequent day. Before the incision, 1.3 ml
patent blue dye (Laboratoire Guerbet, Aulnay-Sous-Bois, France) was injected into
the tumour through a catheter that had been inserted under ultrasound guidance.
Two axillary sentinel nodes were identified using the gamma ray detection probe
(Neoprobe 2000, Johnson & Johnson Medical, Hamburg, Germany) and harvested.
One of these nodes was blue. Frozen section analysis showed no tumour cells.
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Figure 1. Anterior and lateral view, four
hours after intratumoural injection (T) of
99mTc-nanocolloid. Two sentinel nodes
were depicted in the left axilla and two
more in the parasternal region.

The location of a sentinel node in the third intercostal space was identified through
the intact skin using the probe. A transverse incision was made. The pectoral muscle
fibres were split and the intercostal muscles were divided to reveal the pleura. No
blue dye was seen but the probe pointed out a small sentinel node adjacent to the
internal mammary artery. The node was harvested. The other internal mammary
sentinel node was not pursued. A wide local excision of the primary tumour was
performed.
Pathological evaluation showed a well-differentiated 0.8 cm invasive ductal
carcinoma with estrogen receptors. Serial-sections of the axillary sentinel nodes with
hematoxylin-eosin staining and immunohistochemical staining (CAM 5.2, Becton
Dickinson, San Jose, CA, USA) confirmed the negative result of the frozen section
investigation. However, the internal mammary sentinel node contained tumour
deposit with a diameter of 2 mm.
The stage was pT1bN3M0 breast cancer. The patient received adjuvant fractional
radiotherapy to the left breast. She also was given radiotherapy to the left internal
mammary chain. Adjuvant hormone treatment was also given. She was without
evidence of disease eleven months later.

Case two 

A 35-year old woman was referred to undergo breast-conserving treatment with
sentinel node biopsy for a left breast cancer in the upper-inner quadrant.
Lymphoscintigraphy showed an internal mammary sentinel node at four hours and
no drainage to the axilla (Figure 2). The operation was performed the next day. A
dose of 1 ml of patent blue dye was administered into the primary tumour. The
axilla was explored but no ‘hot’ or blue node was found. No suspicious nodes were
palpated in the open wound. Subsequently, the third intercostal space was opened.
A blue lymphatic vessel was visualised but could not be traced. Three ‘hot’ lymph
nodes measuring 4, 7 and 10 mm were harvested. Two of the sentinel lymph nodes
were free of disease, however, the third sentinel node did contain a tumour deposit.
Although this was the largest node, it was the node that was the least radioactive.
The primary tumour was a 2.5 cm poorly differentiated lesion with lymphangio-
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invasion, with a mitotic index of 36 per ten high-power fields and without hormone
receptors. It was removed with a 2 mm minimum margin.

Figure 2. Anterior view, four hours after
intratumoural injection (T) of 99mTc-nanocolloid.
The images show an internal mammary
sentinel node and a second-tier node. There is
no drainage to the axilla.

Postoperatively, she was given radiotherapy to the breast, to the ipsilateral axilla
and the parasternal region. She also received adjuvant chemotherapy. She was
diagnosed with a chest wall recurrence and lung metastases fifteen months later. A
CT scan at that time showed an enlarged internal mammary lymph node.

Discussion 

These two cases demonstrate that internal mammary sentinel node biopsy may have
an impact on the management of patients with breast cancer. The first patient was
upstaged from stage I to stage IIIB. The second patient was upstaged from stage IIA
to stage IIIB.
The incidence of internal mammary lymph node metastases has been quoted to be 6
to 9% in axillary node-negative patients and 28-52% in axillary node-positive
patients.9 Clinical symptoms of internal mammary lymph node metastases are rarely
described although they can be mistaken for a local recurrence or may pass
unnoticed because of their location inside the chest wall. Treatment of these nodes is
subject of debate.9 Impact of elective radiotherapy to the internal mammary chain on
survival has never been convincingly shown. Ongoing randomised studies in
Europe and in Canada will provide more data about this topic. The alternative
treatment option is elective dissection of internal mammary nodes. Lacour and
Meier performed randomised studies of extended radical mastectomy versus radical
mastectomy and showed no survival difference.6,10 However, Lacour showed a five-
year survival benefit in a subgroup of patients with both an inner quadrant primary
lesion and a tumour positive axilla: 71% with extended radical mastectomy and 52%
with radical mastectomy.11 Meier found a ten-year survival benefit in patients with
an inner quadrant or central primary lesion: 86% with extended radical mastectomy
and 60% with radical mastectomy.10

T
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The primary lesion site and the tumour-status of the axilla have a limited predictive
value for the presence of internal mammary lymph node metastases. With the
introduction of lymphatic mapping for breast cancer, patients with lymphatic
drainage from a primary tumour to internal mammary nodes can be identified using
lymphoscintigraphy. Biopsy of these sentinel nodes can provide relevant
information: it allows one to identify patients who indeed have metastatic disease in
that regional lymphatic basin with minimal morbidity. Surgical treatment of internal
mammary lymph node metastases seems excessive in this era of conservative
surgical treatment of breast cancer but radiotherapy could be considered. Common
sense suggests that radiotherapy is of no value in case of a tumour-free internal
mammary sentinel node, even in the presence of a large primary tumour in an inner
quadrant with axillary node metastases.
What about patients who do have metastatic disease in an internal mammary
sentinel node? A tumour-positive internal mammary lymph node and a tumour-
positive axillary lymph node carry a similar prognosis.12 For this reason, such
patients seem to be suitable candidates for radiotherapy and adjuvant systemic
treatment. Incorporating the tumour-status of sentinel nodes outside the axilla in the
management may lead to better patient selection for such treatments and improved
regional control and survival.
Result from lymphatic mapping and sentinel node biopsy may have repercussions
for the TNM staging system. For instance, until now, the situation has been that a
metastasis in an internal mammary lymph node is classified as N3 because it is
detected at an advanced stage and thus carries a poor prognosis. However, a
metastasis in an internal mammary sentinel node is detected at an early stage.
Especially if such patients do not have axillary involvement, the prognosis is
probably not much worse than is true for an involved sentinel node in the axilla,
which is classified as N1.
In conclusion, the goals of lymphatic mapping in breast cancer extend beyond axilla-
conserving surgery. More accurate staging is another option. This may have
therapeutic implications and suggests the need for an update of the TNM staging
system.
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his thesis reflects The Netherlands Cancer Institute's efforts on lymphatic
mapping and sentinel lymphadenectomy over almost a decade.
Cooperation of radiologist, nuclear medicine physician, surgeon and
pathologist is essential as is illustrated by the work on non-palpable breast

cancer (chapter 8). A lesson we learned from the statistical analysis of the learning
phase described in chapter fourteen is that continuous monitoring and evaluation of
clinical practice is necessary to assure quality and safety of the procedure. This
process should extend beyond the learning phase. Monitoring also provides
feedback from attempts to further improve the technique as described in chapters six
and seven. Literature review and clinical studies to understand (patho-)
physiological mechanisms may help to elucidate the reasons for technical failure and
lead to solutions for these problems (chapters three, four, five and seven).

Application in various tumour types 

In recent years, lymphatic mapping with sentinel node biopsy has been applied in
several other malignancies in addition to melanoma and breast cancer. In this thesis,
the value of sentinel node biopsy in squamous cell carcinoma of the penis is
described (chapters eleven and twelve). Initial experience with lymphoscintigraphy
and laparoscopic sentinel node biopsy in testicular cancer has been obtained (chapter
thirteen). Other urological cancers may be suitable as well.1,2 Extensive expertise in
sentinel node biopsy for vulvar carcinoma exists, an indication which shares certain
characteristics with penile cancer.3-8 The same is true for head and neck squamous
cell carcinomas although published series still concern small numbers of patients.9-15

In the late 1990s, sentinel node biopsy was introduced for gastro-intestinal
malignancies, starting with colon cancer. In contrast to unsatisfactory results from
Dutch investigators with blue dye only, American studies reported a high reliability
of this relatively simple technique in colorectal cancer.16-19 Blue dye mapping of the
colon can be performed in vivo as well as ex vivo.20,21 Less experience has been
obtained with the use of radiolabelled colloids in this tumour type.22,23 Lymphatic
mapping in colorectal cancer will primarily affect staging, although the extend of
resection may be influenced by an aberrant drainage pattern in a small percentage of
patients.24 This staging information can be used to help select patients for adjuvant
chemotherapy. Japanese studies showed that sentinel lymphadenectomy is also
feasible in the upper intestinal tract, using endoscopic submucosal administration of
radiopharmaceutical or vital dye.22,25,26 The role of sentinel node biopsy in
carcinomas of the stomach and oesophagus seems to be confined to better
identification of metastasising routes from the primary tumour which may define
the extent of lymphadenectomy.22,27

Limited experience has been gained in sentinel node biopsy for other tumour types
like cervical and uterine carcinoma, thyroid carcinoma and lung cancer.27-34

Application of lymphatic mapping in rare malignancies such as Merkel cell
carcinoma, cutaneous lymphoma and anal carcinoma has been described.35-37
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Unresolved issues 

It is generally known that answering certain questions will raise just as many new
questions. Sentinel node biopsy as an answer to the question of how to prevent
unnecessary morbidity in node-negative breast cancer patients has resulted in
several new points of discussion. The technique of lymphatic mapping confronts us
with the intricate lymphatic system of the breast by visualisation of several non-
axillary drainage routes. We know from the past that the tumour-status of internal
mammary nodes has prognostic value and, consequently, biopsy of sentinel nodes in
the internal mammary chain will have implications for staging and treatment
(chapters ten and sixteen). Randomised trials are needed to prove that pursuing
these nodes impacts on survival of breast cancer patients. Several technical issues
discussed in chapter four are still unresolved at the time this thesis was written. One
of the most intriguing topics concerns the injection site. As we learned from
anatomical studies and clinical practice, injection of tracers in or just beneath the skin
overlying the breast will almost exclusively visualise lymph nodes in the axilla. Our
concern about the reliability of such a superficial injection to identify the axillary
sentinel node draining an intraparenchymally located tumour has been partially
taken away by recent reports of favourable false-negative rates with intradermal
injection although these studies do not furnish the ultimate proof.38,39

Another unresolved issue is the suitability of sentinel node biopsy for certain
subgroups of patients. Recent studies disprove the fear that lymphatic mapping
would be less reliable in larger breast carcinomas.40,41 Multifocal invasive breast
cancer is still a contraindication for sentinel node biopsy in most institutions, but
some authors have reported a satisfying reliability of the technique in such
patients.42,43 Conflicting results have been described for sentinel lymphadenectomy
after neo-adjuvant chemotherapy.44-47 It is our policy to perform sentinel node
biopsy without surgical treatment of the primary tumour before neo-adjuvant
chemotherapy in order to determine the need for axillary clearance later on.
Bringing the procedure from the operating room to an outpatient setting using local
anaesthesia would make this approach more attractive.48 The use of sentinel node
biopsy in ductal carcinoma in situ (DCIS) can identify a small subgroup with lymph
node metastasis.49 However, DCIS experts like Lagios and Silverstein, disagree with
this indication.50 They stress the importance of adequate resection of DCIS followed
by thorough pathologic evaluation to exclude the presence of an invasive component
and question the significance of a micrometastasis in the sentinel node from a 'true'
DCIS.

Some investigators have tried to define the appropriate indication for lymphatic
mapping in melanoma based on parameters like Breslow thickness, presence of
ulceration and Clark level.51,52 Recent studies have revealed unfavourable new
information that questions the wisdom of this trend. Three studies published in 2001
with a combined total of 1851 patients show a disturbing lack of ability to identify
tumour-positive lymph node basins. The false negative rates were 16%, 19% and
25%.53-55 The ultimate purpose of lymphatic mapping is to provide sentinel node
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positive melanoma patients with early therapeutic measures, such as regional node
dissection and adjuvant systemic treatment. However, there is currently no evidence
that such approaches result in improved regional control and survival. It is unclear
whether additional surgery should be performed when the sentinel node contains
metastatic disease or how extensive such a lymph basin dissection should be. Another
unnerving finding is the 13% to 19% incidence of in-transit metastases in patients
with a tumour-positive sentinel node that was reported by three groups.53,56,57 The
Multicenter Selective Lymphadenectomy Trial will provide more insight in these
problems within several years.

Completion lymphadenectomy 

The sentinel node is the only tumour-positive lymph node in about 40% to 65% of
breast cancer patients, depending on the extent of the pathological examination of
the axillary lymph nodes.58-62 The indication for axillary lymph node dissection can
be restricted further if the presence of non-sentinel node metastases can be predicted.
Patients with a micrometastasis in the sentinel node have a significant lower risk of
non-sentinel node metastasis than patients with macrometastasis, but this former
risk was not considered to be negligible (table 1).60-66

Table 1. Incidence of non-sentinel node metastases in breast cancer patients with mirometastatic involvement
of the sentinel node.

First author Definition SN micrometastasis Evaluation non-SN Non-SN metastasis

Scerni66 < 1.4mm, H&E and IHC - 3/14 (21%)

Dauway63 < 2mm, H&E - 5/20 (25%)

only IHC - 2/26 (8%)

Reynolds61 ≤ 2mm, H&E H&E and IHC* 6/27 (22%)

Wong62 only IHC H&E 3/28 (11%)

Mazzarol64 ≤ 2mm, H&E 3 levels, H&E 9/49 (18%)

Rahusen60 < 1 mm2, H&E and IHC 1 level, H&E 4/30 (13%)

4 levels, H&E and IHC 8/30 (27%)

Turner 65 ≤ 2mm, H&E 1 level, H&E 8/44 (18%)

2 levels, IHC 14/44 (32%)

only IHC 1 level, H&E 4/49 (8%)

2 levels, IHC 10/49 (20%)

SN=sentinel node; H&E=hematoxylin and eosin; IHC=immunohistochemistry; *=immunohistochemistry used in 18 of 27
cases

Other factors associated with a decreased risk of non-sentinel node involvement in
case of a tumour-positive sentinel node are: small tumour size, absence of
peritumoural lymphatic vascular invasion, limited number of tumour-positive
sentinel nodes, absence of extranodal hilar tissue invasion, decreasing proximity to
capsule and location of metastasis in lymph node sinusoids (as compared to
parenchymal location).60-62,65,66 Some investigators have tried to identify sentinel
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node-positive patients with a very low-risk of non-sentinel node metastasis in whom
completion axillary clearance can be avoided by combining clinico-pathological
factors (table 2).61,65 In melanoma, the sentinel node is the only tumour-positive
lymph node in about 80% of the patients, although this percentage is smaller when
molecular techniques are used by the pathologist.67 Similar attempts to predict non-
sentinel node involvement have been made in melanoma.68,69

Table 2. Sentinel node-positive patients with the lowest risk of non-sentinel node metastasis.

First author Clinicopathologic characteristics Non-SN metastasis

H&E IHC

Reynolds 61 SN metastasis ≤ 2 mm, T1 primary tumour 0/18 (0%) 0/18 (0%)

Turner 65 SN metastasis ≤ 2 mm, only 1 SN metastasis, T1 or T2 primary tumour,
no peritumoral lymphatic vascular invasion, no extranodal hilar tissue
invasion

1/58 (2%) 6/58 (10%)

SN=sentinel node; H&E=hematoxylin and eosin; IHC=immunohistochemistry

Going one step further, one may question if axillary clearance in sentinel node-
positive breast cancer patients will be of any benefit at all. Complete abolition of
axillary lymph node dissection is the subject of the American College of Surgeons
Oncology Group (ACOSOG) Z0011 trial.70 This trial randomises sentinel node-
positive patients between axillary lymph node dissection and observation of the
axilla. The rationale of the Z0011 trial is the controversial role of locoregional control
for survival and the therapeutic effect of adjuvant chemotherapy and radiotherapy
in conjunction with breast conserving surgery on residual tumour in the axilla. An
ongoing European trial called AMAROS (After Mapping of the Axilla, Radiotherapy
Or Surgery) is designed to determine the effectiveness and morbidity of axillary
radiation therapy in comparison to axillary lymph node dissection if the sentinel
node is tumour-positive.

Micrometastasis 

The preceding discussion is closely related to the controversial issue of how the
pathologist should assess the sentinel node. The use of step-sectioning,
immunohistochemical staining and reverse transcription polymerase chain reaction
(RT-PCR) results in the detection of small metastases, even submicroscopic tumour
burden.71 But how much effort should we invest in scrutinising the sentinel node in
the light of the uncertain significance of micrometastases? Dowlatshahi and co-
workers have reported a conversion rate of 26% by intensifying the pathological
examination of the sentinel node in 200 breast cancer patients from sections at 2-
3mm intervals stained with hematoxylin and eosin (H&E) to sections at 0.25mm
intervals stained with cytokeratin.72 It was the same group from the Luke's Medical
Center in Chicago that reviewed the dilemma arising from minimal amounts of
tumour which were detected in many retrospective studies by multiple sectioning
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and additional staining of lymph nodes that were tumour-negative by routine
pathological assessment.73 The impact of occult lymph node metastases on the
prognosis remains controversial, because other prognosticators related to the
primary tumour have also gained significance. The initial report of the International
(Ludwig) Breast Cancer Study Group showed that the presence of occult lymph
node metastases identified in H&E stained serial sections was an independent
prognostic factor in 921 patients, thereby supporting the performance of thorough
pathological investigation of sentinel nodes.74 In a recent analysis of the same patient
population, Cote and associates found that immunohistochemically detected occult
lymph node metastases adversely affected both disease-free and overall survival in
postmenopausal patients, but not in premenopausal women.75 Confronted with the
controversial data derived from retrospective studies, we look forward to the
valuable outcome of prospective trials. Evaluation of the role of cytokeratin-positive
breast cancer cells in bone marrow and lymph nodes will be part of the ACOSOG
Z0010 and Z0011 trials.70

What is the role of RT-PCR-detected micrometastases? This technique can identify
one tumour cell in 106 normal cells. Conversion rates of histologically negative
lymph nodes can be up to 65% using this technique, but the probability of false-
positive results should be considered.76-78 Some authors have shown correlation of
RT-PCR findings with clinico-pathological parameters in melanoma and breast
cancer, thereby underlining the usefulness of molecular staging.79-83 Comparable
results have been obtained with RT-PCR analysis of sentinel nodes in colon cancer.24

Ongoing studies like the Sun Belt Melanoma Trial will further establish the
importance of molecular staging for prognosis and decision-making on adjuvant
therapy.

New developments 

The currently used tracers all have their disadvantages. The ideal tracer is rapidly
and completely cleared from the injection site and retained in the sentinel node(s)
without migration to higher-echelon lymph nodes.84 Investigators from the Texas
Health Science Center tried to solve the problem of the passage of blue dye through
the sentinel node, which restricts the window of opportunity for surgical
exploration.85 Liposomes can encapsulate hydrophilic agents such as blue dye within
their aqueous interior and, thereby, function as intermediates to enable retention of
the dye by lymph nodes. Liposomes are coated with the high-affinity ligand biotin to
increase lymph node extraction. Subcutaneous injection of the biotin-liposomes is
then followed by injection of another ligand, avidin, which causes aggregation and
entrapment of the liposomes in the first encountered lymph node. The blue-biotin-
liposome particle can be labelled with 99mTc and has shown to be an effective tracer
in a rabbit model. Other investigators have developed a 99mTc-labelled receptor-
binding radiopharmaceutical with a small molecular diameter.86 The synthetic
macromolecule diethylenetriaminepentaaceticacid (DTPA)-mannosyl-dextran with a
diameter of 7.1nm (± 0.9nm) exhibits faster injection site clearance and lower distal



General discussion and conclusion 159

lymph node accumulation than does filtered 99mTc-sulfur colloid in rabbits. These
properties based on receptor specificity and affinity make it a promising agent in a
new class of tracers. The problem related to the small percentage of macromolecules
that is cleared from the injection site forms a challenge for further improvement.

A better sentinel node imaging technique can also contribute to advance in the field
of lymphatic mapping. Lymphoscintigraphy provides little anatomical detail and is
limited by its poor discriminating power. In addition to injection of the radiolabelled
colloid for sentinel node identification, administration of bone-seeking 99mTc-
methylene diphosphonate or 99mTc-pertechnetate has been used for outlining the
body contour in the head and neck region.10,87 Excellent images of the anatomy with
high spatial resolution can be obtained with the use of Magnetic Resonance (MR)
lymphangiography with injection of a MR contrast agent called USPIO (Ultra-Small
Particles of Iron Oxide) as shown in pigs.88 This may be a valuable technique to solve
problems related to tumours with a complex lymphatic drainage and a short
distance to the primary draining lymph nodes.

The mechanisms underlying lodging of a micrometastasis in a sentinel node is a new
unexplored field of research.89 Investigators from the John Wayne Cancer Institute
studied the distribution and functioning of paracortical interdigitating dendritic cells
in sentinel nodes.90,91 They suggest that immunosuppressive factors from a primary
melanoma induce a localized and specific paralysis of the immunologic response to
melanoma antigens in the primary draining lymph node. Gaining more insight in
the failure of the immune surveillance mechanisms probably enables the
development of effective cytokine therapy.

Concluding remarks 

Selective lymphadenectomy has been a hot topic in surgical oncology and related
disciplines during the last decade. Although we are still waiting for the results of
large randomised phase III trials, the technique of lymphatic mapping with sentinel
node biopsy has gained a place as staging procedure in melanoma and breast cancer
and will probably do so in several other malignancies in the near future.92-95 In
contrast to the situation in melanoma, there is not yet a standard technique that can
be advocated to achieve more uniformity in performing the procedure in breast
cancer. Major technical advances have to come from the development of new tracers
with properties of complete and rapid clearance from the injection site and high
selective affinity for the sentinel node. Sentinel node biopsy has re-opened
discussions about the role of lymphatic tumour dissemination and regional lymph
node dissection. Improvement in staging accuracy, in which the pathologist has an
important task, helps medical oncologists and radiotherapists in selecting suitable
candidates for adjuvant treatment. Future studies should focus on technical
improvement and defining of the clinical consequences of lymphatic mapping with
sentinel lymphadenectomy.
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Summary 

The sentinel node is the first lymph node reached by metastasising cells from a
primary tumour. Initial studies focussed on the validation of the sentinel node
concept. The aim of this thesis was to evaluate several methodological aspects of
lymphatic mapping and sentinel node biopsy, and to determine the clinical
implications of the technique.

Chapter one provides a concise introduction about sentinel node biopsy, which is a
minimally invasive technique to select patients with occult lymph node metastases,
who may benefit from further regional or systemic therapy.
Attempts to remove the sentinel node with a procedure based on standard
anatomical patterns did not become popular. The development of the technique of
intraoperative lymphatic mapping in the 1990’s resulted in general acceptance of the
sentinel node concept. This hypothesis of sequential tumour dissemination seems to
be valid according to numerous studies of sentinel node biopsy with confirmatory
regional lymph node dissection. The history and validation of the technique are
described in detail in chapter two.
Morton’s original definition that a sentinel node is ”the first lymph node that receives
afferent lymphatic drainage from a primary tumour” best reflects the concept of
step-wise spread of cancer through the lymphatic system. However, this definition is
based on the concept and it is not always of help when the nuclear medicine
physician and the surgeon find themselves confronted with a clinical situation that is
not as clear-cut as the theory would suggest. Some investigators have changed the
definition and have come up with their own definitions. These are often based on
characteristics of a lymph node such as its discoloration or its amount of
radioactivity, which are simply reflections of the technology that is applied. Chapter
three critically analyses the various definitions of a sentinel node that have been
introduced.
Knowledge of the anatomy and physiology of the lymphatic system is helpful when
considering a particular sentinel node biopsy technique. Chapter four provides a
comprehensive description of the lymphatic anatomy of the mammary gland, which
has been studied since the end of the 18th century. Despite these studies, the intricate
lymphatic system of the breast is not completely understood, causing differences of
opinion concerning one of the most interesting topics of lymphatic mapping in
breast cancer, namely the site of tracer administration. Notion of physiological
mechanisms underlying tracer clearance from the injection site, lymphatic flow and
lymph node uptake is important because of its implications for tracer characteristics
and timing of lymphoscintigraphy and surgery.

The reproducibility of lymphoscintigraphy in assessing the location and number of
sentinel nodes in breast cancer is examined in chapter five. Routine lymphoscinti-
graphy was performed in 25 patients after injection of 130 MBq technetium-99m
(99mTc) nanocolloid. The following day, scintigraphy was repeated after a second
injection of the radiolabelled colloid in an identical fashion, preceded by a starting-
image. At least one sentinel node was visualised in all 25 patients. Drainage to the
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axilla was observed in seventeen patients, to the axilla and extra-axillary basins in
seven patients and exclusively to extra-axillary sentinel nodes in the remaining
patient. The second scintigraphic study revealed the same drainage pattern in all 25
patients (reproducibility 100%, 95% confidence interval 86% to 100%). Count rates of
repeat scintigraphy were 23% to 417% of the count rates of the first scintigraphy in
95% of the cases. We conclude that lymphoscintigraphy for lymphatic mapping in
breast cancer is highly reproducible in assessing the number of sentinel nodes.
Faint lymph node uptake of a radioactive tracer may hamper sentinel node
identification by scintigraphy and subsequent gamma probe localisation. Chapter
six evaluates adjustment in the colloid particle concentration and tracer dosage to
optimise mammary lymphoscintigraphy. Scintigraphy was performed in 151 breast
cancer patients. For the first 75 patients (group A), a standard labelling of 0.5 mg
nanocolloid with 99mTc was performed. For the subsequent 76 patients (group B), the
labelling dilution volume was reduced from 4 to 2 ml. The volume of injection was
0.2 ml in both groups. Lymph node uptake was evaluated by a four-step visual
score (from 0=absent to 3+=very intense) and by count quantification of at four
hours in the first draining lymph node. The sentinel node visualisation rate
increased from 93% (70/75) in group A (mean dosage 93 MBq, range 57-130 MBq) to
99% (75/76) in group B (mean dosage 107 MBq, range 74-139 MBq). The percentage
of patients with uptake 3+ was significantly higher in group B (51% vs. 35% in group
A, P=0.001). Sentinel node counts were significantly higher in group B in comparison
with group A (P=0.0001). The percentage of patients with less then 2000 counts per
node diminished from 45% in group A to 9% in group B. More lymph channels were
visualised in group B (53% vs. 35% in group A, P=0.033) and for a longer time (26%
vs. 4% at four hours). This study shows that enhancement of colloid particle
concentration and adjustment of tracer dosage led to improved sentinel node
identification by substantial increase in lymph node uptake and lymph vessel
depiction.
The purpose of the study described in chapter seven was to analyse the occurrence
of non-visualisation during preoperative lymphoscintigraphy for sentinel node
identification in breast cancer. Preoperative lymphoscintigraphy was performed in
495 clinically node-negative breast cancer patients (501 sentinel node procedures)
after injection of 99mTc-nanocolloid. A sentinel node was visualised on the four-hour
images in 449 of 501 procedures (90%). This visualisation rate improved from 76% to
94% during the study period. Delayed imaging (five to 23 hours) in nineteen patients
whose sentinel nodes failed to show resulted in visualisation in four of them. A
repeat injection of radiocolloid in eleven patients revealed a sentinel node in six. In
the end, the visualisation rate was 92%. The sentinel node was surgically retrieved in
24 of the remaining 42 patients with non-visualisation (57%). Sentinel nodes that
were visualised were tumour-positive in 38% and non-visualised sentinel nodes
were involved in 50% (chi-square, P=0.17). In a multivariate regression analysis,
scintigraphic non-visualisation was independently associated with increased patient
age (P<0.001), decreased tracer dose (P<0.001) and increased number of tumour-
positive lymph nodes (P=0.013). Based on these results, the use of a sufficient
amount of radioactivity (at least 100 MBq) is recommended for lymphatic mapping
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in breast cancer, especially in the elderly women. Delayed imaging and re-injection
of the radioactive tracer increase the visualisation rate. The non-visualised sentinel
node can be identified intraoperatively in more than half of the patients.
The feasibility of both lymphatic mapping and probe-guided primary tumour
excision using intralesional tracer administration in clinically occult breast cancer is
described in chapter eight. Sixty patients underwent lymphoscintigraphy after
intratumoural injection of 99mTc-nanocolloid guided by ultrasound or stereotaxis. A
catheter over a localisation wire was inserted for intraoperative blue dye
administration using the same imaging techniques. After sentinel node
identification, the gamma ray detection probe was used for radio-guided wide local
excision in patients who underwent breast conserving therapy. A sentinel node was
visualised on the scintigrams in 56 patients (93%) and could be identified
intraoperatively in 58 patients (97%). A sentinel node contained tumour in ten of
these patients (17%). Extra-axillary sentinel nodes were visualised in 43%, were
harvested in 38% and contained metastasis in 7% of the patients. Complete excision
of the primary tumour could be accomplished in 39 of 45 patients (87%). This study
shows that both sentinel node biopsy and probe-guided excision of a non-palpable
breast cancer is feasible with the aid of intralesional tracer administration. A
remarkably high percentage of extra-axillary drainage (43%) was observed which
was attributed to the assumed association between clinically occult primary tumour
status, a deep location of the lesions and drainage via lymphatics from the posterior
part of the breast to extra-axillary sentinel nodes.
Intraoperative pathological examination allows immediate regional lymph node
dissection when the sentinel node contains tumour. Chapter nine provides an
analysis of frozen section investigation of 177 sentinel nodes from 99 melanoma
patients and 444 lymph nodes from 262 breast cancer patients. Nodes were bisected
and a complete cross section was obtained for frozen section. Step sections at three
levels were made of the remaining lymphatic tissue and stained with hematoxylin
and eosin and S100/HMB45 (melanoma) or CAM5.2 (breast cancer) to obtain a final
pathological diagnosis. Frozen section investigation revealed metastases in 8 of 17
node-positive melanoma patients (47%). Seventy-one of 96 breast cancer patients
(74%) with lymph node metastases were identified with frozen section. The
specificity in melanoma was 100% and in breast cancer 99%. As a result, frozen
section examination allows immediate axillary lymph node dissection in the majority
of node-positive breast cancer patients. The yield of frozen section analysis in
patients with melanoma is low because of the limited sensitivity and low incidence
of lymph node metastases, and is not recommended.

In chapter ten, the occurrence of lymphatic drainage to non-axillary sentinel nodes
in breast cancer and the implications of this phenomenon are evaluated. A sentinel
node outside level I or II of the axilla was found in 149 of 549 patients (27%): internal
mammary sentinel nodes in 86 patients, other non-axillary sentinel nodes in 44 and
both internal mammary and other non-axillary sentinel nodes in nineteen patients.
The intraoperative identification rate was 80%. Internal mammary metastases were
found in seventeen patients and metastases in other non-axillary sentinel nodes in
ten patients. Staging improved in 13% of patients with non-axillary sentinel lymph
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nodes and their treatment strategy was changed in 17%. In conclusion, a small
proportion of clinically node negative breast cancer patients can be staged more
precisely by biopsy of sentinel nodes outside level I and II of the axilla, resulting in
additional decision criteria for postoperative regional or systemic therapy.

Lymphoscintigraphy for sentinel node identification has been extensively validated
in breast cancer and melanoma. The aim of the study described in chapter eleven
was to evaluate the findings of lymphoscintigraphy for sentinel node identification
in squamous cell carcinoma of the penis. Following local anaesthesia by xylocaine
10% spray, 99mTc-nanocolloid in a volume of 0.3-0.4 ml was injected intradermally
around the tumour in 74 consecutive patients. Shortly after injection, a twenty-
minute dynamic study was performed with a dual-head gamma camera.
Subsequently, static anterior and lateral images were obtained at 30 minutes and two
hours. The sentinel node visualisation rate was 97% (72/74). Lymphatic drainage
was bilateral in 81% of the cases (58/72), exclusively to the left groin in 13% (9/72)
and only to the right groin in 6%. Bilateral lymph node drainage was synchronous in
38% (22/58) and asynchronous in 62% (in eighteen patients the initial route was the
left groin, in other 18 the right groin). Visualisation within 30 minutes occurred in 66
patients (93%), in 64 of them (88%) even during the dynamic study. A total of 173
sentinel nodes were visualised (85 in the right groin, 88 in the left groin). Pitfalls
were caused by inguinal skin contamination during injection (four patients) and
intracavernous administration (one patient). It is concluded that penile
lymphoscintigraphy is a valid and well-tolerated method for lymphatic mapping
and sentinel node identification. Although bilateral early inguinal drainage is the
most frequent pattern, late imaging is recommended, especially in patients with
initial unilateral drainage in order to exclude delayed lymph node filling in the
contralateral groin.
Chapter twelve describes the clinical implications of dynamic sentinel node biopsy
in patients with squamous cell carcinoma of the penis. A total number of 90 clinically
node-negative patients were prospectively studied. Preoperative lymphoscinti-
graphy was performed as described above, followed by intraoperative lymphatic
mapping with the aid of intradermally administered patent blue dye and a gamma-
ray detection probe. Histopathological examination of the sentinel nodes included
serial sectioning and immunohistochemical staining. Regional lymph node
dissection was performed only if metastasis was found in a sentinel node.
Lymphoscintigraphy visualised 217 sentinel nodes in 159 inguinal regions of 88
patients. A total of 208 sentinel nodes were intraoperatively identified in 149
inguinal regions of 88 patients. Sentinel node metastasis was found in nineteen
inguinal regions of eighteen patients. Four of eight patients with unilateral clinically
N1 stage had a tumour-positive sentinel node on the opposite site. During a median
follow-up of 36 months (range 5-95), regional recurrence after excision of a tumour-
negative sentinel node or after non-visualisation was seen in five patients. This
results in a false-negative rate of 22% (5/23). Three-year disease specific survival was
98% and 71% for patients with a tumour-negative or tumour-positive sentinel node
respectively (P=0.0018). This study shows that occult lymph node metastases in



Summary / Samenvatting / Resumen170

penile cancer can be detected with a sensitivity of 80% by lymphatic mapping and
sentinel node biopsy. This approach allows for performing early lymphadenectomy
in most lymph node-positive patients and provides important prognostic
information. Lymph node-negative penile cancer patients can be spared substantial
morbidity associated with elective lymphadenectomy.
The feasibility of lymphoscintigraphy for sentinel node identification in testicular
cancer is the subject of chapter thirteen. Five patients with clinical stage I testicular
cancer were prospectively studied. A single dose of 99mTc-nanocolloid (mean dose 99
MBq, volume 0.2ml) was injected into the funiculus in the first patient and into the
testicular parenchyma in the following four patients. Dynamic lymphoscintigraphy
was performed during ten minutes, followed by early and late static images after
fifteen minutes and two to 24 hours respectively. Lymphoscintigraphy was followed
by laparoscopic sentinel node biopsy the same day in the last two patients using
patent blue dye and an endoscopic gamma probe. The funicular administration
route showed five hot spots in the right inguinal region after two hours.
Intratesticular administration resulted in sentinel node visualisation in three of four
patients. Dynamic images showed afferent lymphatic vessels to one sentinel node in
the left para-aortic region in two patients and two sentinel nodes in the left para-
aortic region in another patient. Sentinel nodes were intraoperatively identified in
one of two patients who underwent laparoscopic exploration. This study shows that
lymphoscintigraphy for sentinel node identification is feasible in stage I testicular
cancer using intratesticular radiocolloid administration.

Chapter fourteen provides a statistical analysis of the learning phase for sentinel
node biopsy. Four learning phases were analysed: 25, 50, 75 and 150 procedures with
a corresponding number of 10, 20, 30 and 60 tumour-positive cases. Critical values of
non-identification rate and false-negative rate were defined. The binomial
distribution was used to calculate the probabilities of correctly or incorrectly
accepting the quality of the performance, given a certain long-term non-
identification or false-negative rate. The chance of incorrectly reaching a favourable
false-negative rate of less than 10% (critical value) in twenty metastasised patients is
18% for a surgeon with a long-term probability of false-negative procedures of 15%.
This chance is reduced to 10% with a learning phase of 60 tumour-positive cases.
When this chance has to be further reduced to 5%, the critical value has to be lower
in smaller groups of patients: 5% in twenty tumour-positive procedures permitting
no false-negative procedures. A learning phase of at least 150 procedures with 60
tumour-positive cases is needed to draw any reliable conclusion about the quality of
sentinel node biopsy. In general, a compromise has to be made between the
reliability of the results and the practically achievable number of procedures.

In chapter fifteen, our first false negative sentinel node biopsy after abolishing
confirmatory axillary lymph node dissection in breast cancer is described. A blue-
stained radioactive sentinel node was tumour-negative, while palpation of the axilla
through the biopsy wound revealed a lymph node (0.4 cm in diameter) without
tracer uptake that showed massive tumour invasion. The intraoperative manoeuvre
prevented understaging in this 46-year old women.
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Two patients with sentinel nodes in the internal mammary chain are described in
chapter sixteen and illustrate the issues discussed in chapter ten. These lymph nodes
were shown to contain tumour cells in the absence of axillary involvement. This led
to upstaging and to a change in the subsequent management.
Several issues still need to be resolved. Chapter seventeen discusses some of these
issues such as the clinical significance of micrometastases. With refinement of the
pathological techniques, we are confronted with the controversial role of minimal
amounts of tumour in the sentinel node and the associated question of how
extensively a lymph node should be assessed. The necessity of completion
lymphadenectomy has been questioned in case of a micrometastasis in the sentinel
node and even if a macrometastasis is present. New developments in the field of
lymphatic mapping are focussed on better tracers and better imaging techniques.
Results of large randomised trials have to be awaited to determine the proper value
of sentinel lymphadenectomy, especially in melanoma patients in whom a
disturbing failure rate has been shown with increasing follow-up.
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Samenvatting 

 
De sentinel node is de eerste lymfklier die door uitzaaiingen van een primaire tumor
wordt bereikt. Initiële studies richtten zich op het valideren van het sentinel node
concept. Het doel van dit proefschrift was om een aantal methodologische aspecten
van sentinel node biopsie te evalueren en om de klinische implicaties van deze
techniek vast te stellen.

In hoofdstuk een wordt een korte introductie over sentinel node biopsie gegeven:
een minimaal invasieve techniek om patiënten met occulte lymfkliermetastasen te
selecteren die mogelijk baat hebben bij verdere regionale of systemische therapie.
Het uitvoeren van sentinel node biopsie op basis van standaard anatomische
patronen verwierf geen populariteit. Algemene acceptatie van het sentinel node
concept volgde pas nadat aan het eind van de jaren 1980 de peroperatieve techniek
werd ontwikkeld om de lymfdrainage in kaart te brengen. De hypothese van
stapsgewijze tumor verspreiding lijkt in hoge mate overeen te komen met de
werkelijkheid, gegeven de studies waarbij sentinel node biopsie werd gevolgd door
een confirmerende klierdissectie. De geschiedenis en het proces van valideren van
de techniek worden in hoofdstuk twee beschreven.
De oorspronkelijke definitie van Morton dat de sentinel node de eerste lymfklier is
die rechtstreeks lymfdrainage van de primaire tumor ontvangt geeft het beste het
concept van de stapsgewijze metastasering van kanker door het lymfsysteem weer.
Deze definitie is echter gebaseerd op het concept als zodanig en is niet altijd
behulpzaam als de nucleair geneeskundige of de chirurg geconfronteerd wordt met
een klinische situatie die niet zo duidelijk is als de theorie doet vermoeden. Sommige
onderzoekers hebben de definitie veranderd en hebben een eigen definitie
geformuleerd. Deze definities zijn vaak gebaseerd op karakteristieken van een
lymfklier zoals de blauwe verkleuring of de hoeveelheid radioactiviteit en
weerspiegelen louter de toegepaste techniek. In hoofdstuk drie worden de
verschillende definities van een sentinel node op kritische wijze geanalyseerd.
Kennis van de anatomie en fysiologie van het lymfsysteem is behulpzaam bij het
overwegen van een bepaalde techniek voor sentinel node biopsie. Hoofdstuk vier
geeft een beschrijving van de anatomie van het lymfsysteem van de borstklier, die
bestudeerd is vanaf het einde van de achttiende eeuw. Ondanks velerlei studies is
het ingewikkelde lymfstelsel van de borst niet volledig ontrafeld, waardoor
meningsverschillen bestaan aangaande een van de meest interessante aspecten van
sentinel node biopsie voor het mammacarcinoom, namelijk de plaats van toediening
van de speurstoffen. Begrip van de fysiologische mechanismen die ten grondslag
liggen aan de speurstofmigratie ter plaatse van de injectie, de lymfstroom en de
opname van speurstoffen in de lymfklier is belangrijk om ten aanzien van
stofeigenschappen en planning van lymfoscintigrafie en operatie hierop te
anticiperen.

De reproduceerbaarheid van de lymfoscintigrafie met betrekking tot het vaststellen
van de lokalisatie en het aantal sentinel nodes bij het mammacarcinoom wordt
beschreven in hoofdstuk vijf. Routinematig werd lymfoscintigrafie verricht bij 25
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patiënten na injectie van 130 MBq technetium-99m (99mTc) nanocolloid.
Voorafgegaan door een uitgangsscintigrafie werd de volgende dag de procedure op
identieke wijze herhaald na een tweede injectie van het radiofarmacon. Bij alle 25
patiënten werd tenminste één sentinel node gevisualiseerd. Bij zeventien patiënten
werd lymfdrainage naar de oksel gezien, bij zeven patiënten naar zowel de oksel als
naar klierstations buiten de oksel en in de resterende patiënt uitsluitend naar
sentinel nodes buiten de oksel. De tweede scintigrafie liet eenzelfde drainagepatroon
zien bij alle 25 patiënten (reproduceerbaarheid 100%, 95% betrouwbaarheidsinterval
van 86% tot 100%). Het aantal counts van de herhaalde scintigrafie bedroeg 23% tot
417% van het aantal counts van de eerste scintigrafie in 95% van de gevallen. Wij
concluderen dat lymfoscintigrafie voor het in kaart brengen van de lymfdrainage
van het mammacarcinoom een zeer hoge reproduceerbaarheid kent.
Geringe opname van de radioactieve speurstof door de lymfklier kan sentinel node
identificatie middels scintigrafie en de gammastralendetector bemoeilijken. In
hoofdstuk zes wordt een aanpassing in de concentratie van eiwitpartikels en de
radioactiviteitdosis geëvalueerd om daarmee de lymfoscintigrafie van de borst te
verbeteren. Scintigrafie werd uitgevoerd bij 151 borstkankerpatiënten. Bij de eerste
75 patiënten (groep A) werd een standaard labeling met 99mTc van 0,5 mg
nanocolloid toegepast, terwijl voor de daaropvolgende 76 patiënten (groep B) het
verdunningsvolume werd verminderd van 4 naar 2 ml. Voor beide groepen bedroeg
het injectievolume 0,2 ml. De lymfklieropname werd geëvalueerd door middel van
een vier-staps visuele score (van 0=afwezig tot 3+=zeer intens) en door kwantificatie
van het aantal counts na vier uur in de eerst drainerende lymfklieren. De visualisatie
van de sentinel node nam toe van 93% (70/75) in groep A (gemiddelde dosis 93
MBq, spreiding 57-130 MBq) tot 99% (75/76) in groep B (gemiddelde dosis 107 MBq,
spreiding 74-139). Het percentage patiënten met een opnamescore van 3+ was
significant hoger in groep B (51% versus 35% in groep A, P=0,001) en het aantal
counts was ook significant hoger in groep B dan in groep A (P=0,0001). Het
percentage patiënten met minder dan 2000 counts per lymfklier werd gereduceerd
van 45% in groep A naar 9% in groep B. In groep B werden meer lymfvaten
gevisualiseerd (53% versus 35% in groep A, P=0,033) en deze waren gedurende
langere tijd zichtbaar (26% versus 4% na vier uur). Deze studie toont aan dat
verhoging van de partikelconcentratie en aanpassing van de radioactiviteitdosis
leidt tot een verbetering van de identificatie van de sentinel node door een
substantiële toename van de lymfklieropname en de lymfvatvisualisatie.
De studie die in hoofdstuk zeven is beschreven had tot doel het niet zichtbaar
worden van de sentinel node tijdens lymfoscintigrafie bij het mammacarcinoom te
analyseren. Preoperatieve lymfoscintigrafie werd verricht bij 495 klinisch N0
mammacarcinoompatiënten (501 sentinel node procedures) na injectie van 99mTc-
nanocolloid. Op de vier-uurs opname werd een sentinel node gevisualiseerd tijdens
449 van de 501 procedures (90%). Deze visualisatie na vier uur verbeterde
gedurende de studieperiode van 76% naar 94%. Het maken van een late opname (5
tot 23 uur na injectie) resulteerde in visualisatie van een sentinel bij vier van de
negentien patiënten waarbij aanvankelijk geen klier zichtbaar werd. Herhaling van
de injectie van de radioactief gelabelde eiwitpartikels bij elf patiënten leidde tot het
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zichtbaar worden van een sentinel node bij zes van hen. Hiermee was het
uiteindelijke percentage visualisatie 92%. Bij 24 van de resterende 42 patiënten
zonder visualisatie (57%) werd een sentinel node gevonden tijdens de operatie.
Gevisualiseerde sentinel nodes bevatten tumor in 38% van de gevallen en niet
zichtbare sentinel nodes waren tumorpositief in 50% (chi-kwadraat, P=0,17).
Afwezige visualisatie tijdens lymfoscintigrafie was in een multivariaat regressie
model onafhankelijk geassocieerd met een hogere leeftijd van de patiënt (P<0,001),
lagere radioactiviteitdosis (P<0,001) en een groter aantal tumorpositieve lymfklieren
(P=0,013). Gebaseerd op deze resultaten wordt aanbevolen om voldoende
radioactiviteit te gebruiken voor sentinel node scintigrafie bij het mammacarcinoom
(minstens 100 MBq), met name bij oudere vrouwen. Late opnames en herhaling van
de injectie van de radioactieve speurstof zorgt voor een stijging van de visualisatie.
De niet zichtbare sentinel node kan bij ongeveer de helft van de patiënten toch
peroperatief worden geïdentificeerd.
De haalbaarheid van zowel sentinel node biopsie als probe-geleide excisie van een
klinisch occult mammacarcinoom gebruikmakend van toediening van speurstoffen
in de laesie wordt beschreven in hoofdstuk acht. Zestig patiënten ondergingen
lymfoscintigrafie na intratumorale injectie van 99mTc-nanocolloid op geleide van
echografie of stereotactie. Om peroperatief patent blauw toe te dienen werd een
katheter over een lokalisatiedraad ingebracht met behulp van dezelfde
beeldvormende technieken. Na identificatie van de sentinel node werd de
gammastralendetector gebruikt voor probe-geleide excisie bij patiënten die
borstsparende chirurgie ondergingen. Bij 56 patiënten (93%) werd een sentinel node
zichtbaar tijdens lymfoscintigrafie en bij 58 patiënten (97%) werd deze peroperatief
gevonden. Bij tien patiënten (17%) bevatte de sentinel node metastase. Sentinel
nodes buiten de oksel werden gevisualiseerd in 43% van de gevallen, deze konden
worden geëxcideerd in 38% en bevatten metastases in 7%. Bij 39 van de 45 patiënten
(87%) werd een radicale excisie van de primaire tumor bewerkstelligd. Deze studie
laat zien dat zowel sentinel node biopsie als ook probe-geleide excisie van een niet-
palpabel mammacarcinoom technisch uitvoerbaar is met behulp van injectie van
speurstoffen in de laesie. Een opmerkelijk hoog percentage lymfdrainage naar
lymfklieren buiten de oksel (43%) werd gezien, hetgeen werd toegeschreven aan de
veronderstelde relatie tussen het niet voelbaar zijn van de tumor, diepe ligging in de
borst en drainage via retromammaire lymfvaten naar niet axillair gelegen klieren.
Pathologisch onderzoek tijdens de operatie maakt het mogelijk om aansluitend een
regionale lymfklierdissectie uit te voeren indien de sentinel node tumor bevat.
Hoofdstuk negen verschaft een analyse van vriescoupeonderzoek van 177 sentinel
nodes van 99 melanoompatiënten en 444 lymfklieren van 262 mammacarcinoom-
patiënten. De lymfklieren werden gehalveerd en een volledige dwarsdoorsnede
werd verkregen voor vriescoupeonderzoek. Van het resterende lymfklierweefsel
werd een sprongserie op drie niveaus gemaakt en gekleurd met hematoxyline en
eosine en immunohistochemie gebruikmakend van S100 en HMB45 (melanoom) of
CAM5.2 (mammacarcinoom) voor een definitieve pathologische diagnose. Bij acht
van de zeventien melanoompatiënten met positieve lymfklieren (47%) werd de
metastase in de vriescoupes gedetecteerd. Van 96 patiënten met een metastase van
een mammacarcinoom werd bij 71 van hen (74%) deze peroperatief vastgesteld door
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middel van vriescoupeonderzoek. De specificiteit van vriescoupeonderzoek van de
sentinel node was 100% bij melanoom en 99% bij mammacarcinoom. Hieruit vloeit
voort dat bij de meeste lymfklierpositieve borstkankerpatiënten een
lymfklierdissectie in dezelfde sessie kan worden uitgevoerd indien deze techniek
wordt toegepast. De opbrengst van vriescoupeonderzoek van de sentinel node bij
melanoompatiënten is laag vanwege de beperkte sensitiviteit en de lage incidentie
van lymfkliermetastasen, en daarom wordt het gebruik ervan niet aanbevolen bij
hen.

In hoofdstuk tien worden het optreden van lymfdrainage naar klieren buiten de
oksel bij het mammacarcinoom en de implicaties daarvan geëvalueerd. Bij 149 van
549 patiënten (27%) werd een sentinel node buiten niveau I en II van de oksel
gevonden: parasternale sentinel nodes bij 86 patiënten, andere niet-axillaire sentinel
nodes bij 44 en zowel parasternale als andere niet-axillaire sentinel nodes bij
negentien patiënten. De peroperatieve identificatie bedroeg 80%. Parasternaal
gelokaliseerde lymfkliermetastasen werden bij zeventien patiënten gevonden en
uitzaaiingen in andere niet-axillaire sentinel nodes bij tien patiënten. De stadiëring
verbeterde bij 13% van de patiënten met sentinel nodes buiten de oksel en de
behandelingsstrategie veranderde bij 17% van hen. Concluderend kan gesteld
worden dat een klein percentage van de klinisch kliernegatieve
borstkankerpatiënten nauwkeuriger kan worden gestadieerd door sentinel nodes
buiten niveau I en II van de oksel te excideren. Dit resulteert in additionele
beslissingscriteria aangaande de indicatie voor postoperatieve regionale of
systemische therapie.

Lymfoscintigrafie is uitgebreid gevalideerd voor de identificatie van de sentinel
node bij het melanoom en mammacarcinoom. Het doel van de studie beschreven in
hoofdstuk elf was het analyseren van de bevindingen van lymfoscintigrafie bij het
plaveiselcelcarcinoom van de penis. Na locale anesthesie middels een xylocaine 10%
spray werd 99mTc-nanocolloid intradermaal rondom de tumor geïnjecteerd in een
volume van 0,3 tot 0,4 ml. Kort na injectie werd een dynamische studie gedurende
twintig minuten verricht met een dubbelkops gamma-camera. Dertig minuten en
twee uur na injectie werden vervolgens anterieure en laterale statische opnames
gemaakt. Het visualisatiepercentage was 97% (72/74). Scintigrafie toonde bilaterale
lymfdrainage in 81% van de gevallen (58/72), unilaterale drainage naar de linker lies
in 13% (9/72) en drainage naar uitsluitend de rechter lies in 6% (5/72). De bilaterale
lymfdrainage trad synchroon op bij 38% (22/58) en asynchroon bij 62% (bij achttien
patiënten verliep de initiële drainage naar de linkerzijde en bij de andere achttien
patiënten naar de rechterzijde). Bij 66 patiënten (93%) trad visualisatie tijdens de
eerste 30 minuten op, bij 64 reeds tijdens de dynamische studie (88%). In totaal
werden 173 sentinel nodes zichtbaar (85 in de rechter lies, 88 in de linker lies).
Valkuilen werden gevormd door huidcontaminatie tijdens de injectie (vier
patiënten) en injectie in het corpus cavernosum (een patiënt). Men kan uit deze
studie concluderen dat lymfoscintigrafie van de penis een valide en goed
verdraagbare methode is voor sentinel node identificatie. Hoewel vroege bilaterale
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drainage naar de liezen het meest frequente patroon is, wordt het maken van late
opnames aanbevolen, zeker bij patiënten met initiële unilaterale drainage om
daarmee vertraagde lymfkliervulling in de contralaterale lies uit te sluiten.
Hoofdstuk twaalf beschrijft de klinische implicaties van sentinel node biopsie bij het
plaveiselcelcarcinoom van de penis. In totaal werden 90 patiënten met klinisch
negatieve lymfklieren prospectief geïncludeerd. Preoperatieve lymfoscintigrafie
werd zoals hierboven beschreven uitgevoerd, gevolgd door sentinel node biopsie
met behulp van intradermaal geïnjecteerd patent blauw en een gammastralen-
detector. Pathologisch onderzoek van de sentinel node bestond uit sprongseries en
immunohistochemische kleuring. Alleen indien tumor werd gevonden in de sentinel
node werd een regionale lymfklierdissectie uitgevoerd. Tijdens lymfoscintigrafie
werden 217 sentinel nodes in 159 liezen van 88 patiënten zichtbaar. In totaal werden
208 sentinel nodes geëxcideerd uit 149 liezen van 88 patiënten. Metastasering in de
sentinel node werd gevonden in negentien liezen van achttien patiënten. Vier van de
acht patiënten met een unilaterale klinisch N1 status hadden een tumorpositieve
sentinel node aan de tegenoverliggende zijde. Gedurende een mediane follow-up
van 36 maanden (spreiding vijf tot 91 maanden) trad bij vier patiënten een regionaal
recidief op na excisie van een tumornegatieve sentinel node. Bij een vijfde patient
trad een regionaal recidief op in een niet geexploreerde lies na unilaterale
visualisatie. Dit resulteert in een foutnegatief percentage van 22% (5/23). De
driejaars ziektespecifieke overleving was 98% en 71% voor patiënten met
respectievelijk een tumornegatieve en tumorpositieve sentinel node (P=0,0018). Deze
studie laat zien dat occulte lymfkliermetastasen van een peniscarcinoom met een
sensitiviteit van ongeveer 80% kunnen worden gedetecteerd door middel van
sentinel node biopsie. Deze aanpak maakt het mogelijk om een vroege
lymfklierdissectie bij de meeste lymfklierpositieve patiënten uit te voeren en de
sentinel node status verschaft belangrijke prognostische informatie. Morbiditeit als
gevolg van electieve klierdissecties kan worden vermeden bij lymfkliernegatieve
peniscarcinoompatiënten.

Het onderwerp van hoofdstuk dertien is de haalbaarheid van lymfoscintigrafie bij
testistumoren. Vijf patiënten met een klinisch stadium I testis tumor werden
prospectief geïncludeerd. Een enkele dosis 99mTc-nanocolloid (gemiddeld 99 MBq,
volume 0,2 ml) werd bij de eerste patiënt in de funiculus geïnjecteerd en bij de vier
daaropvolgende patiënten in het testisparenchym. Gedurende tien minuten werd
dynamische lymfoscintigrafie uitgevoerd, gevolgd door vroege en late statische
opnames na respectievelijk vijftien minuten en twee tot 24 uur. Dezelfde dag werd
bij twee patiënten na de lymfoscintigrafie een laparoscopische sentinel node biopsie
met behulp van patent blauw en een endoscopische gammastralendetector
uitgevoerd. De funiculaire toedieningsweg toonde vijf hot spots in de rechter lies na
twee uur. Intratesticulaire toediening resulteerde in visualisatie van een sentinel
node bij drie van de vier patiënten. Dynamische opnames lieten afferente lymfvaten
zien naar een sentinel node links para-aortaal bij twee patiënten en twee sentinel
nodes links para-aortaal bij een andere patiënt. Bij een van de twee patiënten die een
laparoscopische exploratie ondergingen werden peroperatief twee sentinel nodes
geïdentificeerd. Deze studie toont aan dat lymfoscintigrafie met gebruikmaking van
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intratesticulaire toediening van het radiofarmacon bij stadium I testis tumoren
haalbaar is voor het identificeren van de sentinel node.

Een statistische analyse van de leerfase voor sentinel node biopsie wordt beschreven
in hoofdstuk veertien. Vier leerfases voor mammacarcinoom bestaande uit 25, 50, 75
en 150 procedures met een corresponderend aantal van 10, 20, 30, en 60
tumorpositieve gevallen werden geanalyseerd. Kritieke waarden voor het niet-
identificatiepercentage en foutnegatief percentage werden gedefinieerd. De
binomiale verdeling werd gebruikt om de kans op het terecht of onterecht
accepteren van de kwaliteit van de procedure te berekenen, gegeven een bepaald
percentage identificatie en foutnegativiteit op de lange termijn. De kans op het ten
onrechte behalen van een gunstig foutnegatief percentage van minder dan 10%
(kritieke waarde) bij twintig patiënten met metastases is 18% voor een chirurg met
een foutnegatief percentage van 15% op de lange termijn. Deze kans wordt
gereduceerd tot 10% als een leerfase van 60 tumorpositieve procedures wordt
gecompleteerd. Indien deze kans verder dient te worden gereduceerd tot 5% moet
de kritieke waarde lager zijn bij kleine aantallen patiënten: 5% bij twintig
tumorpositieve procedures, waardoor geen foutnegatieve procedures bij dit aantal
zijn toegestaan. Door halvering van het aantal tumorpositieve procedures bij het
melanoom is het dubbele aantal patiënten vereist om bij deze patiëntencategorie aan
dezelfde statistische maatstaven te voldoen. Om een enigszins betrouwbare
conclusie omtrent de kwaliteit van sentinel node biopsie te kunnen trekken is een
leerfase van minstens 150 procedures, waarvan 60 tumorpositieve gevallen,
noodzakelijk. In de praktijk moet een compromis worden gezocht tussen de
betrouwbaarheid van de resultaten en het haalbare aantal procedures in een leerfase.

Onze eerste foutnegatieve sentinel node procedure na het afschaffen van
confirmatieokselklierdissecties bij het mammacarcinoom is beschreven in hoofdstuk
vijftien. Een blauw verkleurde, radioactieve sentinel node was tumornegatief,
terwijl bij palpatie van de biopsieholte een lymfklier (diameter 0,4 cm) zonder
opname van speurstoffen werd gevoeld die volledig was ingenomen door tumor.
Deze peroperatieve manoeuvre verhinderde onderstadiëring bij een 46-jarige vrouw.
In hoofdstuk zestien worden twee patiënten beschreven met een sentinel node in de
parasternale keten waarmee de discussiepunten uit hoofdstuk tien worden
geïllustreerd. Deze lymfklieren bevatten tumorcellen terwijl de oksel niet bij de
metastasering was betrokken. Dit leidde tot een verandering van het stadium en de
daaropvolgende behandeling.
Er zijn nog een aantal onopgeloste vraagstukken. In hoofdstuk zeventien worden
sommige hiervan bediscussieerd, zoals de klinische relevantie van micrometastases.
Door verfijning van de pathologische technieken worden we geconfronteerd met de
controversiële rol van een minimale hoeveelheid tumor in de sentinel node en de
hiermee geassocieerde vraag over de mate waarin men een lymfklier pathologisch
moet onderzoeken. De noodzaak van een completerende lymfklierdissectie wordt
betwist in het geval van een micrometastase in de sentinel node en zelfs als er een
macrometastase aanwezig is. Nieuwe ontwikkelingen op het gebied van sentinel
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node biopsie zijn gericht op verbetering van de speurstoffen en de beeldvormende
technieken. Resultaten van grote gerandomiseerde studies moeten worden
afgewacht om de uiteindelijke waarde van sentinel node biopsie vast te stellen, met
name bij melanoompatiënten bij wie het aantal gevallen van het te kort schieten van
de techniek een verontrustend groot aandeel vormt nu de follow-up periode is
toegenomen.
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Resumen 

El ganglio linfático centinela es el primer ganglio linfático en ser alcanzado por las
metástasis de un tumor primario. Los estudios iniciales sobre este tópico han sido
dirigidos a la validación del concepto del ganglio linfático centinela. El objetivo de
esta tesis fue evaluar diferentes aspectos metodológicos en el mapeo del drenaje
linfático y la biopsia del ganglio centinela así como determinar las implicaciones
clínicas de esta técnica.

El capítulo uno provee una introducción concisa sobre la biopsia del ganglio
linfático centinela la cual es una técnica minimamente invasiva que permite
seleccionar pacientes con metástasis ocultas en los ganglios linfáticos que pueden ser
tratados posteriormente en formas regional o sistémica.
Los esfuerzos hechos para remover el ganglio linfático centinela con un
procedimiento basado en patrones anatómicos estándar no llegaron a popularizarse.
El desarrollo de la técnica de mapeo linfático intraoperatorio en los en los años 90
resultó en la aceptación general del concepto del ganglio linfático centinela. Esta
hipótesis de la diseminación tumoral secuencial parece ser válida de acuerdo a los
numerosos estudios de la biopsia del ganglio linfático centinela con resección
regional de ganglios linfáticos confirmatoria. La historia y validación de la técnica
son descritas en detalle en el capítulo dos.
La definición original de Morton de que un ganglio linfático centinela es “el primer
ganglio linfático que recibe drenaje linfático aferente de un tumor primario” refleja
adecuadamente el concepto de la diseminación en etapas del cáncer a través del
sistema linfático. Sin embargo, esta definición es basada en el concepto y no es
siempre de utilidad cuando el médico nuclear y el cirujano se tienen que enfrentar
con una situación clínica que no es tan clara como la teoría hace pensar. Algunos
investigadores han cambiado la definición formulando una propia. Estas
definiciones son a menudo basadas en las características de un ganglio linfático
como por ejemplo la coloración azul o la cantidad de radiactividad y reflejan casi
exclusivamente la técnica aplicada. En el capítulo tres se analizan críticamente las
diferentes definiciones del ganglio linfático centinela.
El conocimiento de la anatomía y fisiología del sistema linfático es de ayuda en la
consideración de una determinada técnica para efectuar la biopsia del ganglio
centinela. El capítulo cuatro entrega una descripción de la anatomía del sistema
linfático de la glándula mamaria la cual ha sido estudiada desde el siglo dieciocho. A
pesar de los muchos estudios el difícil sistema linfático de la mama no ha sido
completamente dilucidado lo que ha llevado a diferencias de opinión en lo que se
refiere a uno de los aspectos más interesantes de la biopsia del ganglio centinela en el
carcinoma de mama: el lugar de administración de los trazadores. La comprensión
de los mecanismos fisiológicos que constituyen el basamento de la migración del
trazador desde el lugar de la inyección, el flujo linfático subsecuente y la captación
de los trazadores en el ganglio linfático es importante para sincronizar
adecuadamente la linfogammagrafía con la operación.

La reproducibilidad de la linfogammagrafía en establecer el lugar y el número de



Summary / Samenvatting / Resumen180

ganglios centinelas en pacientes con cáncer de mama es evaluada en el capítulo
cinco. Linfogammagrafías fueron efectuadas en 25 pacientes después de una
inyección de 130 MBq de tecnecio-99m (99mTc) nanocoloide. Al día siguiente, después
de realizarse una imagen de control, una segunda inyección del trazador fue
administrada y la linfogammagrafía fue repetida en forma idéntica a la primera
gammagrafía. Ganglios centinelas fueron visualizados en todos los 25 pacientes. En
17 pacientes se observó drenaje solo hacia la axila, en 7 se observó drenaje axilar y
hacia otras estaciones linfáticas no axilares, y en 1 paciente se observó únicamente
drenaje extra-axilar. El segundo estudio gammagráfico reveló el mismo patrón de
drenaje en todos los 25 pacientes (reproducibilidad 100%, 95% intervalo de confianza
del 86 al 100%). En 95% de los casos la captación ganglionar en la segunda
gammagrafía varió del 23% al 417% en relación con lo encontrado en el primer
estudio. Se concluye que la linfogammgrafía es altamente reproducible en el mapeo
del drenaje linfático en el cáncer de mama.
La captación ganglionar débil del radiotrazador puede dificultar tanto la
identificación gammagráfica del ganglio centinela como su localización utilizando la
sonda de rayos gamma. El capítulo seis evalúa el ajuste en la concentración de las
partículas coloidales y la dosis del trazador para optimalizar la linfogammagrafía de
mama. Este procedimiento fue evaluado en 151 pacientes con cáncer mamario. Para
los primeros 75 pacientes (grupo A), una marcación estándar de 0,5 mg de
nanocoloide con 99mTc fue utilizada. Para los subsecuentes 76 pacientes (grupo B) el
volumen de dilución fue reducido de 4 a 2 ml. El volumen de inyección fue 0,2 ml en
ambos grupos. La captación ganglionar fue evaluada visualmente por medio de una
escala de 4 grados (variando de 0 = ausente a 3+ = muy intenso) y cuantitativamente
midiendo la captación a las 4 horas en el primer ganglio linfático drenante. La tasa
de visualización del ganglio centinela aumentó del 93% (70/75) en el grupo A (dosis
media 93 MBq, rango 57-130 MBq) a 99% (75/76) en el grupo B (dosis media 107
MBq, rango 74-139 MBq). El porcentaje de pacientes con grado 3+ fue
significativamente más alto en el grupo B (51% versus 35% in grupo A, P = 0,001). La
captación ganglionar fue significativamente mayor in en el grupo B (P = 0,0001). El
porcentaje de pacientes con menos de 2000 cuentas por ganglio disminuyó del 45%
en el grupo A al 9% en el grupo B. También se visualizó un mayor número de ductos
linfáticos en el grupo B (53% versus 35% en el grupo A, P = 0,033) durante un tiempo
más prolongado (26% versus 4% a las 4 horas). Este estudio demuestra que una
concentración más elevada de partículas coloidales y un ajustamiento de la dosis del
trazador lleva a una mejor interpretación de la identificación del ganglio centinela
debido a un substancial aumento tanto de la captación ganglionar como del número
de vías linfáticas visualizadas.
El propósito del estudio descrito en el capítulo siete fue analizar la no visualización
del ganglio centinela durante la linfogammagrafía preoperatoria con 99mTc-
nanocoloide en cáncer de mama. Se evaluaron 495 pacientes (501 procedimientos de
ganglio centinela) con carcinoma mamario y sin ganglios axilares palpables. Sobre la
base de las imágenes a las 4 horas se visualizaron ganglios linfáticos centinelas en
449 de 501 procedimientos (90%). Esta tasa de visualización mejoró del 76% al 94%
en el transcurso del estudio. En 4 de 19 pacientes sin visualización, imágenes tardías
complementarias efectuadas entre 5 a 23 horas después de la inyección llevaron a la
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visualización del ganglio centinela. Reinyección del trazador resultó en la
visualización del ganglio centinela en 6 de 11 pacientes. Esto llevó a una tasa global
de visualización del 92%. En 24 de los 42 pacientes restantes (52%) sin visualización
gammagráfica el ganglio centinela fue localizado quirúrgicamente. Metástasis fueron
encontradas en 38% de los pacientes con ganglios centinelas visualizados a la
gammagrafía y en 50% de los pacientes sin visualización (chi-cuadrado, P = 0,17). En
un análisis de regresión multivariado, la no visualización a la gammagrafía fue
independientemente asociada con el aumento de la edad del paciente ( P < 0,001),
dosis bajas del trazador (P < 0,001) y el aumento del número de ganglios con
envolvimiento tumoral (P = 0,013). Basado en estos resultados para el estudio del
drenaje linfático en cáncer de mama se recomienda el empleo de dosis adecuadas del
trazador (al menos 100 MBq) especialmente en pacientes de edad avanzada.
Imágenes complementarias tardías y reinyección del radiotrazador pueden ser de
utilidad para aumentar la tasa de visualización. En casos sin visualización
gammagráfica el ganglio centinela puede ser identificado intraoperativamente en
más de la mitad de los pacientes.
La factibilidad de establecer el drenaje linfático conjuntamente con la escisión del
tumor primario guiada por la sonda de rayos gamma a través de la administración
intratumoral del trazador en cáncer mamario clínicamente oculto es descrita en el
capítulo ocho. En 60 pacientes se efectuó linfogammagrafía después de una
inyección intratumoral de 99mTc-nanocoloide guiada por ecografía o stereotaxis.
Estas misma técnicas fueron utilizadas para insertar en el tumor, con posterioridad
a la gammagrafía, un catéter con cable de localización con el objetivo de facilitar la
administración intraoperatoria de azul patente. Después de la identificación del
ganglio centinela la sonda de rayos gamma fue utilizada para guiar la escisión local
del tumor primario en pacientes planificados para recibir tratamiento conservativo
de mama. Ganglios centinelas fueron visualizados en las gammagrafías de 56
pacientes (93%) y pudieron ser identificados quirúrgicamente en 58 (97%).
Metástasis fueron encontradas en 10 de estos pacientes (17%). Ganglios centinelas
fuera de la axila fueron visualizados en 43%, encontrados quirúrgicamente en 38% y
tuvieron metástasis en 7% de los pacientes. La escisión completa del tumor primario
pudo ser realizada en 39 de 45 pacientes (87%). Este estudio muestra que tanto la
biopsia del ganglio centinela como la escisión del tumor primario guiada por la
sonda de rayos gamma son factibles con la ayuda de la administración intratumoral
del trazador. La tasa de drenaje fuera de la axila fue remarcablemente alta (43%) lo
que puede ser atribuido a la presunta asociación entre tumores primarios
clínicamente ocultos, su localización más profunda y el drenaje a través de las vías
linfáticas desde la parte posterior de la mama hacia los ganglios centinela fuera de la
axila.
El examen histopatológico intraoperatorio permite la inmediata resección regional
de los ganglios linfáticos cuando los ganglios centinelas contienen tumor. El capítulo
nueve entrega un análisis de la investigación por cortes congelados de 177 ganglios
centinelas correspondiendo a 99 pacientes con melanoma y 444 ganglios de 262
pacientes con cáncer mamario. Los ganglios linfáticos fueron biseccionados y una
muestra completa del corte fue obtenida por congelación. Cortes seriados a tres
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niveles fueron hechos del tejido linfático remanente con tinción de hematoxilina-
eosina y S100/HMB45 (melanoma) o CAM5.2 (cáncer de mama) para obtener un
diagnóstico patológico definitivo. La investigación de los cortes congelados reveló
metástasis en 8 de 17 ganglios con envolvimiento tumoral en pacientes con
melanoma (47%). En cáncer de mama el examen por congelación identificó
metástasis ganglionares en 71 de 96 pacientes (74%). La especificidad en melanoma
fue 100% y en cáncer de mama 99%. Se puede concluir que en el cáncer de mama el
estudio por cortes congelados lleva a la resección de los ganglios linfáticos de la axila
en la mayoría de los pacientes con ganglios linfáticos con envolvimiento tumoral. El
rendimiento del análisis de cortes congelados en pacientes con melanoma es bajo
debido a una limitada sensibilidad y baja incidencia de metástasis ganglionares por
lo que no se recomienda.

En el capítulo diez se evalúa cuando ocurre el drenaje linfático fuera de la axila en el
cáncer de mama y las implicaciones que este fenómeno puede tener. Se encontraron
ganglios centinelas fuera de los niveles I y II de la axila en 149 de 549 pacientes
(27%): en la cadena mamaria interna en 86 pacientes, en otras localizaciones en 44 y
tanto en la cadena mamaria interna como en otras regiones no axilares en 19
pacientes. La identificación intraoperatoria fue del 80%. Metástasis en ganglios
mamarios internos fueron encontradas en 17 pacientes y metástasis en otras regiones
en 10 pacientes. El estadiaje mejoró en un 13% de los pacientes con ganglios
linfáticos centinelas fuera de la axila y su estrategia de tratamiento fue cambiada en
un 17%. Se concluye que una proporción pequeña de pacientes con cáncer de mama
sin envolvimiento linfático ganglionar puede ser estadificado en forma más precisa
por medio de la biopsia de los ganglios centinelas localizados fuera de los niveles I y
II de la axila lo que puede resultar en criterios de decisión adicionales para su
tratamiento regional o sistémico.

La linfogammagrafía ha sido extensamente validada en la identificación del ganglio
linfático centinela tanto en el cáncer de mama como en el melanoma. El propósito del
estudio descrito en el capítulo once fue el evaluar los hallazgos de la
linfogammagrafía en la identificación del ganglio centinela en el carcinoma
epidermoide de pene. En 74 pacientes consecutivos después de haberse aplicado
anestesia local con xilocaina al 10% en forma de spray se inyectó 99mTc-nanocoloide
con un volumen de 0,3 a 0,4 ml en forma intradérmica alrededor del tumor.
Inmediatamente después de la inyección se realizó durante 20 minutos un estudio
dinámico con una gammacámara de doble cabezal. Subsecuentemente se obtuvieron
imágenes estáticas anterior y lateral a los 30 minutos y 2 horas. La visualización del
ganglio centinela alcanzó el 97% (72/74). El drenaje linfático hacia la región inguinal
fue bilateral en el 81% de los casos (58/72), solo hacia la izquierda en el 13% (9/72) y
exclusivamente hacia la región derecha en el 6%. El drenaje bilateral fue sincrónico el
38% (22/58) y asincrónico en el 62% de los casos (en 18 pacientes la ruta inguinal
inicial fue la izquierda y en 18 la derecha). Visualización dentro de 30 minutos se
produjo en 66 pacientes (93%), en 64 de ellos (88%) incluso durante el estudio
dinámico. Un total de 173 ganglios centinelas fueron visualizados (85 en la región
inguinal derecha, 88 en la izquierda). Problemas de interpretación de las imágenes
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fueron causados la contaminación accidental de la piel durante la inyección (4
pacientes) y la administración intracavernosa (1 paciente). Se concluye que la
linfogammagrafía de pene es un método válido y bien tolerado para el estudio del
drenaje linfático y la identificación del ganglio centinela. Aunque el drenaje bilateral
precoz es lo que mas frecuentemente ocurre se recomienda la imagen tardía,
especialmente en pacientes con drenaje unilateral inicial, para excluir una eventual
captación ganglionar tardía en la región inguinal contralateral.
El capítulo doce describe las implicaciones clínicas de la biopsia del ganglio linfático
centinela en pacientes con carcinoma epidermoide de pene. Un total de 90 pacientes
sin evidencia clínica de adenopatías fueron prospectivamente estudiados. La
linfogammagrafía se realizó preoperatoriamente en la forma descrita en el capítulo
anterior efectuándose con posterioridad el mapeo linfático intraoperatorio con
inyección intradérmica de azul patente y la sonda de rayos gamma. El análisis
histopatológico de los ganglios linfáticos centinelas incluyó cortes seriados y tinción
inmunohistoquímica. Sólo cuando se encontraron metástasis n el ganglio centinela se
procedió a la resección linfática ganglionar regional. Mediante la linfogammagrafía
se visualizaron 217 ganglios centinelas en 159 regiones inguinales correspondientes a
88 pacientes. Un total de 208 ganglios centinelas fueron identificados durante la
operación en 149 regiones inguinales de 88 pacientes. Se encontraron metástasis en
19 regiones inguinales de 18 pacientes. En 4 de 8 pacientes con estadio clínico N1
unilateral se encontró metástasis en un ganglio centinela del lado opuesto. Basado en
un seguimiento con mediana de 36 meses (rango 5-95) se pudo comprobar recidiva
regional en 5 pacientes con ganglios centinelas negativos al momento de la
operación. Esto llevó a una tasa de falsos negativos del 22% (5/23). La supervivencia
específica de la enfermedad a los 3 años fue del 98% para los pacientes sin
compromiso tumoral del ganglio centinela y del 71% en pacientes con ganglio
centinela positivo (P = 0,0018). Este estudio muestra que las metástasis linfáticas
ganglionares ocultas pueden ser detectadas con una sensibilidad del 80% gracias a la
determinación del drenaje linfático y la biopsia del ganglio centinela. Esto hace
posible efectuar linfadenectomía precoz en los pacientes con ganglios centinelas
positivos proveyendo importante información pronóstica. En los pacientes con
ganglios centinelas negativos se puede evitar la posible morbilidad asociada con la
linfadenectomía electiva.
En el capítulo trece se evalúa la factibilidad de la linfogammagrafía para la
identificación del ganglio centinela en cáncer de testículo. Cinco pacientes con cáncer
testicular estadio I fueron prospectivamente estudiados. Una dosis única de 99mTc-
nanocoloide (dosis media 99 MBq, volumen 0,2 ml) fue inyectada dentro del funículo
en el primer paciente e intratesticular en los siguientes 4 pacientes. La
linfogammagrafía consistió en un estudio dinámico durante los primeros 10 minutos
seguido por imágenes estáticas tempranas y tardías a los 15 minutos y 2 a 24 horas
respectivamente. En los dos últimos pacientes se realizó biopsia del ganglio centinela
por laparoscopia el mismo día de la linfogammagrafía empleando azul patente y una
sonda endoscópica de rayos gamma. La administración funicular mostró 5
acumulaciones radiactivas en la región inguinal derecha a las dos horas. La
administración intratesticular resultó en la visualización del ganglio centinela en 3
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de los 4 pacientes. Las imágenes dinámicas mostraron los ductos linfáticos aferentes
hacia un ganglio centinela en la región para-aórtica izquierda en 2 pacientes y 2
ganglios centinelas en la misma región en otro paciente. Los ganglios centinelas
fueron identificados en uno de los dos pacientes en que se realizó laparascopia. Este
estudio muestra que la linfogammagrafía de identificación del ganglio centinela es
factible en estadio I de cáncer testicular utilizando administración intratesticular del
trazador.

En el capítulo catorce se entrega un análisis estadístico de la fase de aprendizaje de
la biopsia del ganglio centinela. Cuatro fases de aprendizaje fueron analizadas: 25,
50, 75 y 150 procedimientos con un correspondiente número de 10, 20, 30 y 60 casos
con envolvimiento tumoral del ganglio centinela. Se definieron valores críticos para
las tasas de no identificación y de falsos negativos. La distribución binomial fue
utilizada para calcular las probabilidades de aceptar correcta o incorrectamente la
calidad de la realización del procedimiento dados un cierto porcentaje de
identificación y negatividad no verdadera a largo término. La probabilidad de
alcanzar incorrectamente una tasa favorable de falsos negativos de menos del 10%
(valor crítico) en 20 pacientes con metástasis es 18% para un cirujano con una
probabilidad a largo término de procedimientos falso-negativos del 15%. Esta
probabilidad se reduce a un 10% cuando la fase de aprendizaje es de 60 casos tumor-
positivos. Para que la probabilidad se reduzca al 5%, el valor crítico tiene que ser
más bajo en pequeños grupos de pacientes: 5% en 20 procedimientos tumor-
positivos sin que se permitan procedimientos incorrectamente negativos. Una fase
de aprendizaje de al menos 150 procedimientos con 60 casos tumor-positivos es
necesaria para establecer una conclusión confiable con respecto a la calidad de la
biopsia del ganglio centinela. En general, se debe tender a lograr un compromiso
entre la confiabilidad de los resultados y el número alcanzable de procedimientos en
la práctica.

En el capítulo quince se describe el primer caso falso-negativo de biopsia del ganglio
centinela después de abolirse en nuestro centro la linfadenectomía axilar
confirmatoria en el cáncer de mama. El ganglio centinela identificado fue encontrado
tumor-negativo mientras que la palpación de la axila durante la operación reveló un
ganglio linfático (0,4 cm de diámetro) no radiactivo que mostró invasión tumoral
masiva. La maniobra intraoperatoria previno una subestimación del estadiaje en esta
paciente de 46 años.
En el capítulo dieciséis se describen dos pacientes con ganglios centinelas en la
cadena mamaria interna ilustrando lo discutido en el capítulo diez. En estos ganglios
linfáticos se encontraron células tumorales en ausencia de envolvimiento axilar. Esto
llevó a redefinir el estadiaje y a cambiar el manejo posterior.
Algunas cuestiones deben ser todavía resueltas. En el capítulo diecisiete se discuten
algunas de ellas como por ejemplo el manejo de las micrometástasis. Con el
refinamiento de las técnicas de patología hay un enfrentamiento creciente con el
papel controversial de las cantidades mínimas de tumor en el ganglio centinela y la
cuestión asociada a ello: ¿cuán extensamente debe ser examinado un ganglio
linfático por el patólogo?. La necesidad de completar la linfadenectomía ha sido
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cuestionada en casos de micrometástasis en el ganglio centinela e incluso en el caso
de presencia de macrometástasis. Nuevos avances en el campo del estudio del
drenaje linfático están dirigidos a desarrollar nuevos trazadores y mejores técnicas
de diagnóstico por la imagen. Se está a la espera de los resultados de estudios
randomizados amplios para poder determinar el valor definitivo de la
linfadenectomía del ganglio centinela especialmente en pacientes con melanoma en
los cuales la cantidad de casos en que la técnica parece ser insuficiente ha aumentado
en la medida que el período de seguimiento se ha ido alargando.
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