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INTRODUCTION

The first lymph node in the lymphatic basin draining the primary tumor called the
sentinel node (SN). The concept of the sentinel node as the first node to drain
lymphatic flow from the tumor site and the best biopsy indicator of the presence

or absence of tumor in lymph node was first described by Morton and his colleagues(1).
This concept states that the SN will always contain tumor cells if lymphatic spread of the
tumor has occur, so that pathology of the sentinel node will reflect the histopathology of
the entire nodal bed. In breast cancer, axillary lymph node involvement is still the most
important prognostic factor, on which adjuvant therapy is based. Selective biopsy of the
SN may be an alternative for axillary lymph node dissection in staging breast cancer
patients and extensive surgery can be avoided.

Lymphoscintigraphy is not a new proce-
dure, but one which has been in clinical
use for decades without getting much at-
tention and enthusiasm from surgeons and
nuclear medicine clinicians. Though it is
now a part of standard management for
melanoma, lymphoscintigraphy for detec-
tion of SN is underutilized. Lympho-
scintigraphy has previously been used to
identify metastasis in the axillary lymph
nodes (LN)(2) or to locate internal mam-
mary nodes for radiation treatment plan-
ning(3).

In the last 5 years, there has been revolu-
tionary development in the immunohisto-
logic techniques with the development of
newer radiopharmaceuticals, which leads
to early mapping of SN to avoid unneces-
sary axillary node dissection. SN can be
detected by vital blue dye injected around
the tumor at the time of surgery and by
radiocolloid mapping separately or simul-

taneously with the blue dye method. Ra-
diocolloid diagnosis of SN was found to
be more convenient with more and more
success rate, though it is slightly costlier
than blue dye method.

Prognosis of breast cancer depends on sev-
eral factors, such as patients characteris-
tics (age and menstrual status), tumor dif-
ferentiation (histologic variables, estrogen
and progesterone receptors, DNA ploidy
status), proliferative rate and tumor inva-
siveness or metastatic potential(4). For
breast cancer, the presence of regional me-
tastasis decreases 5-years survival rate by
approximately 28%-40%(5,6). Therefore,
the current management of breast cancer
includes ipsilateral axillary lymph node
dissection for staging invasive breast can-
cer with no clinically evident nodes. How-
ever with complete axillary node dissec-
tion, the complication rates of the proce-
dure after a mean follow-up time of six
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months are 40% lymphedema, 5% chronic
lymphedema, 40% parasthesis of the arm
and 10% seroma formation7. Patients with
intraductul carcinoma in situ with no pal-
pable mass is likely to have LN metasta-
sis but smaller invasive cancers may have
axillary nodal metastasis(8,9).

Current interest in this procedure reflects
the growing popularity of intra-operative
lymphatic mapping with selective lym-
phadenectomy as a minimally invasive
operative technique to determine the tu-
mor status of the draining lymph node ba-
sin(10-14). In this small review article, we
tried to reviewed the utility of
lymphoscintigraphy in breast cancer pa-
tients to detect SN, its advantages & dis-
advantages, experience in different labo-
ratories and further possibilities of this
technique.

EVOLUTION OF SENTINEL NODE
CONCEPT:
A MAJOR BREAKTHROUGH IN
SURGICAL ONCOLOGY

The first lymph node (SN) receiving lym-
phatic drainage from a tumor will always
contain tumor cells, if lymphatic spread
of the tumor occurs. This concept was first
published by Cabanas and his col-
leagues(15) back in 1977. Before that, in
1970 Kett and his coworkers first identi-
fied a draining lymph node using some
contrast media(16). From this concept of
their study, idea of blue dye method of
lymphatic channel mapping evolves. In
1995, some researchers from MD Ander-
son Cancer Center, Houston, Texas, USA
first introduced this blue dye method(17) for
mapping lymphatic channel in a patient
with penile carcinoma. But major revolu-
tion in this SN concept was done by
Morton and his team(18). They used this

concept to delineate the lymphatic drain-
age pathways between the SN and cutane-
ous melanoma using vital blue dye. But in
this method, there were some difficulties
about the timing of operation between the
intradermal injection of the blue dye and
skin incision made to find out the blue
stained SN. If the incision is made too
early, the lymphatic channels can be cut
off before the blue dye could make its pas-
sage through it. Whereas if the incision is
delayed, surgeons may face considerable
difficulty finding a small blue lesion. To
overcome this problems, some research-
ers introduced radionuclide lympho-
scintigraphy in 1993 amd then introduced
gamma detector probe to find out SN dur-
ing operation in melanoma patients(19, 20).

RADIOPHARMACEUTICALS

Since the introduction of lympho-
scintigraphy, numerous radiopharma-
ceuticals have been employed for this pur-
pose. With the growing popularity of
lymphoscintigraphy, the search is on for
better radiopharmaceutical agents de-
signed specifically for SN imaging. These
includes:

· 99m Tc labeled dextran(21)

· 99m Tc hydroxyethyl starch(22)

· 99m Tc human serum albumin(23, 24)

· 99m Tc Stanous phytate(25)

· 99m Tc Sulphur colloid(26,27)

· 99m Tc antimony sulphur colloid(28)

· 99m Tc albumin colloid(29)

· 198 Au colloid(30)

Among these radiopharmaceuticals, few
are in use presently. Due to some draw-
back properties, which influences the
lymphoscintigraphy, many of the above
mentioned isotopes are now not in use. The
characteristics of ideal radiophar-
maceuticals for lymphoscintigraphy
should be:
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· Rapid clearance from the injection
site

· Rapid, complete and sustained
uptake by the sentinel node

· Short half life (preferably 99m-Tc
labeled)

· Low energy
· Low cost
· Stable for long hours
· Small particle size as to penetrate

the capillary membrane.

Among these agents, for their ideal char-
acteristics, only Tc-99m Albumin colloid,
Tc-99m human serum albumin and Tc-99m
sulfur colloid are presently used for
lymphoscintigraphy. The most prefered
radiopharmaceutical is Tc-99m antimony
colloid with particle size 3-30 nm. The
next best is Tc-99m SC (particle size 10-
1000 nm), which is filtered to remove the
larger particles, creating a nearly ideal
particle size(31).

INSTRUMENTATION AND
METHODOLOGY

There is still no consensus regarding the
optimal methods for lymphoscintigraphy.
A total dose of around 1 mCi of Tc-99m
labeled lymphoscintigraphic agent is ad-
ministered subcutaneously around the tu-
mor site using a tuberculin syringe. Tracer
is deposited subcutaneously and images
are obtained immediately (15-30 sec.)
which demonstrate the injection site, the
regional draining lymphatics and the clos-
est lymph node. Dynamic images are im-
portant to identify the first node the tracer
goes with the draining channel(32).

Images are obtained using a gamma cam-
era with low energy high resolution colli-
mators immediately and again after 2-4
hours after injection, if there is any LN
collects tracer lately.

TECHNIQUE

Vital blue dye

Usually 3 to 5ml of 1% isosulfan blue dye
is injected into the breast parenchyma sur-
rounding the primary tumor or into the wall
of the biopsy cavity. Three to 7 minutes
after the injection a standard transverse
axillary dissection incision is made just
inferior to the hair-bearing region of the
axilla, as there is no clue to the approxi-
mate location of the sentinel node before
incision by this method. Blunt dissection
is performed to identify a blue-impreg-
nated lymphatic channel. The blue lym-
phatic channel then is followed proximally
and distally until the (first) sentinel node
is identified. Sometimes two and rarely
more than two blue-stained sentinel node
can be identified along the lymphatic tract.
All blue stained LNs are excised and la-
beled as sentinel node and sent for patho-
logical examination.

Lymphoscintigraphy
(Radionuclide study)

The following are the steps of patient
preparation for sentinel node
lymphoscintigraphy and intra-operative
localization by portable gamma probe:

A) Imaging

The patient is positioned supine with arm
raised above the head.

1. Radiopharmaceutical, Dose,
Volume and Route of injection: Tc-
99m labelled agents in a dose of
300 mCi-1 mCi is selected. The
total volume of the solution varies
according to the route of injection.
For intradermal injection maximum
of 0.3-0.4 ml solution is used.
Whereas for intraparenchymal
injection 4-8 ml of solution injected
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in 4-6 sites surrounding the lesion.
2. For non-palpable cancers the tumor

is localized by guided ultrasound
and the radiocolloid is injected
through the localization needle or
intradermally over the sector of the
breast involved.

3. Dynamic images are obtained in the
lateral projection (preferred over
anterior projection for axillary node
visualization) with a scintillation
camera at 20-30 second intervals
for 45 minutes.

4. Static images in the lateral and
anterior views of 5 minutes each
are obtained from 30 minutes with
the patient in the supine position
for visualizing the nodal uptake.
Additional delayed images may be
needed if the nodal uptake is not
visualized at the end of the study.

5. Transmission images obtained with
a cobalt-57 source are recom-
mended for optimal anatomic
localization first 2 frames of
dynamic images and in static
images; a Tc-99m flood source can
also be used.

B) Gamma Probe Guided Surgery

1. Usually a lumpectomy is done first
with the area of injection to avoid
high background activity.

2.  A handheld gamma detector probe
is used prior to making a skin
incision to identify the area of
greatest activity in the axilla in
terms of CPS (counts per second).

3. A small incision is used over the
maximum count area and the
gamma probe is used to guide the
dissection and finally localize the
sentinel node.

4. In vivo radioactivity is measured in
counts per second with the sentinel
node fully exposed.

5. An estimate of the background
activity is obtained by measuring
counts in four areas in the axilla
equidistant from the injection site
and away from the sentinel node.

6. Localization of the SN. Sentinel
nodes are defined as nodes with a
ratio to background activity of
greater than 2.5.

7. After removal of the sentinel node
the central bed is re-examined for
activity and if the activity remains
greater than 150% compared with
background, the dissection is
continued to search for additional
sentinel node.

8. All sentinel nodes are labeled and
sent for pathology.

DISCUSSION

There have been many previous studies
reporting the use of lymphoscintigraphy
in patients with breast cancer. These have
included axillary lymphoscintigraphy, in-
ternal and mammary lymphoscintigraphy.
Axillary lymphoscintigraphy has been
used in the preoperative search for nodal
metastases in the axilla(3, 33) or to assess
the completeness of axillary dissection
postoperatively 34 or intraoperatively(35).
Internal mammary lymphoscintigraphy
has been used in attempts to diagnose
nodal metastases(36) and to locate the in-
ternal mammary nodes for radiation treat-
ment planning(37).

Many authors reported with variable suc-
cess rate with blue dye in localize SN.
Some results with different
radiopharmaceuticals has been published.
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But combine use of both blue dye and ra-
diocolloid at the same time improves the
result significantly. Giuliano et al(38) in
1994 reported a success rate of 66% using
blue dye at the beginning of using this tech-
nique which later on increased to 88% and
accuracy of 96% with gain of more expe-
rience as reported in 1997(39). Guenther et
al(40) and Flett et al(41) reported a success
rate of 71% and 82% respectively by us-
ing blue dye alone and the accuracy was
97% and 95% respectively. Considering
all the above studies with only blue dye
the over all success rate is around 76% and
an overall accuracy of 97%. Krag & his
coworkers in 1993(42) reported a success
rate of 82% with an accuracy of 100%
using Tc-99mSulfur colloid only. Same
group in 1998(43) reported success rate of
76% and accuracy of 100%. Others using
Tc-99m Colloidal albumin showed a suc-
cess rate varying from 69 to 99% with an
accuracy varying from 97% to 100%(44, 45).
The over all success rate using radionuclde
method alone is 90% and accuracy of 98%.

In 1996 Albertini et al(32) first reported to
use both blue dye and Tc-99m sulfur col-
loid to improve the success rate and found
a success rate of 92% and accuracy of
100%. Subsequently O'Hea et al in 1998(46)

using the same combination reported a
success rate of 93% and an accuracy of
95%. Borgstein et al(47) in 1997 and
Barnwell et al(48) in 1998 used blue dye
with Tc-99m colloidal albumin and re-
ported success rate of 100% and 90% re-
spectively. The overall success rate of
combined method is 93% as compared to
76% by only blue dye and 90% by using
the radionuclide method only.

The present evidence(38, 42) strongly support
the validity of the SN principle in breast
cancer but there is a need for more data.

Studies(44, 49) suggest that SN localization
using radiotracer performs better and is
easier than dye-oriented techniques.

In the last five years there has been marked
advancement in the techniques of serial
sectioning of tissue, immunohistochemi-
cal staining, and reverse transcriptase poly-
merase chain reaction analysis in the de-
tection of micrometastases (50, 51). As a re-
sult, there was an increase in the number
of micrometastases detected when the re-
sult of routine histologic examinations
were negative in patients with melanoma,
breast cancer, colon cancer, neuroblas-
toma, prostate cancer and stomach cancer
(52, 53). This micrometastases had proved to
be clinically relevant. Thus, this technol-
ogy may allow a more rational approach
to the use of adjuvant chemotherapy.

To properly stage breast cancer and at the
same time avoiding the more expensive
and complicated axillary dissection, in-
creasing number surgeons are practicing
the SN technique. SN in the internal mam-
mary could only be easily and non-
invasively diagnosed by lympho-
scintigraphy, which is not possible, by dye
technique. Quite a number of centers when
using both techniques together experiences
that there were always few cases where
SN localized by radiotracer not been lo-
calized by blue dye and vice-versa(54). The
patients with outer quadrant breast tumors
demonstratrates internal mammary drain-
age and inner quadrant tumor demonstrate
axillary drainage. One fifth of patients with
upper quadrant tumors shows direct drain-
age to the supraclavicular and infraclav-
icular nodes(13). Laterally placed breast
tumors can drain primarily via the inter-
nal mammary lymphatic system, a system
often ignored in treatment planning. This
internal mammary spread explains the soli-
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tary sternal metastases that can be identi-
fied on bone scan(55). So, to achieve maxi-
mum possible success rate and to exploit
the advantage of the SN principle use of
both techniques simultaneously is more
justified rather than using any one proce-
dure alone at this time point especially
when the surgeon is still in his learning
phase. There is still a 3-8% failure rate for
SN localization using both methods simul-
taneously. Those patient should go for ax-
illary dissection.

None of the radiopharmaceuticals used,
were designed specifically for SN map-
ping. As a result imaging with any of these
agents suffers from several deficiencies.
Blue dye has problems, it only flows
through the lymphatics does not bind or
stay long, therefore, exact timing for axil-
lary incision is not possible. In addition
dye technique cannot give any idea before
incision to the surgeon to plan the tech-
nique of incision ahead.

CONCLUSION

Lymphoscintigraphy in conjunction with
the probe, used to facilitate surgical local-
ization and excision of the sentinel node,
is finding a niche in the surgical manage-
ment of patients with early breast cancer.

Management based on the sentinel node
concepts offers the following:

· It is cost-effective
· It has the potential to improve

survival
· It provides a more rational ap-

proach to selecting patients for
lymph node dissection as well as to
defining the lymph node beds to be
dissected.

Thus the rationality, cost effectiveness and
potential for improving patients outcomes
based on the lymphoscintigram and intra-
operative gamma probe sentinel node lo-
calization and excision have converged to
alter surgical management.

Combined with the use of intraoperative
gamma probe to find the sentinel node and
excise it, the impact on surgical manage-
ment has been to save on cost, morbidity
and perhaps improve therapeutic re-
sponses.

Quality and success of sentinel node lo-
calization will be enhanced by the image
as a road map for using the probe. Breast
lymphoscintigraphy is not difficult to per-
forms but requires palpation of the tumor
and correlation with the mammogram to
estimate depth and localization of appro-
priate injection sites at four peripheral
points that border and surround the tumor.

Certainly, good coordination among sur-
geon, pathologist, and the nuclear medi-
cine physician will make the procedure
more convenient and possibly will be in-
corporated into everyday practice of the
management of early breast cancer.
Lymphoscintigraphy performed the day
prior to surgery can give the surgeon an
idea about the location of the involved
nodes and so he can plan the surgical inci-
sion. In the future, we hope and we do
believe that the excision of SN can be done
under local anesthesia as an outpatient
procedure in properly selected patients
saving the cost of hospital admission, an-
esthesia and will be more convenient to
patient.
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On summerizing this review, we can con-
clude that advantages of lympho-
scintigraphic sentinel node identification
in patients with breast cancer can be help-
ful for surgeon for mapping the lymphatic
drainage. The sentinel node concept may
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