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Background information and definitions

Sentinel lymph node is the first regional lymph node that
drains the lymph from the primary tumour. It is potentially
the first node to receive the seeding of lymph-borne
metastatic cells [1]. Lymphoscintigraphy (LS) allows the
surgeon to easily identify and biopsy the sentinel lymph
node. This method identifies the sentinel node but cannot
determine if it is involved with cancer. At present, this
technique guides the surgeon to the sentinel node, and
sentinel node biopsy has been reported as a safe and
accurate method of screening axillary nodes [2, 3].

Common indications

Scintigraphic sentinel node localisation should be consid-
ered in women who have a biopsy-proven carcinoma of the
breast in whom definitive surgery and axillary node
clearance is planned and on whom there are no palpable
axillary lymph nodes [4].

Procedures

Patient preparation

& No special preparation for the test is needed.
& The patient should remove all clothing and jewels

above the waist.

Information pertinent to performing the procedure

& The time of last menses and pregnancy and lactating
status of the patient should be determined.

& A breast physical examination should be performed by
the nuclear medicine physician.

& Recent (not older than 1 month) mammograms should
be available, as well as ultrasound, if performed

Precautions

Pregnancy is not a contraindication for LS [5–7], but only for
blue dye, and it has been demonstrated that the dose to the
foetus from this procedure is negligible, particularly when
using activities below 10 MBq. In these cases LS is justified
by the low risk of the procedure when compared to axillary
dissection [8]. Nonetheless, admission of a pregnant woman
in a nuclear medicine department and psychological issues

must be considered before allowing the procedure. In nursing
mothers, lactating should be suspended for 24 h after
radiopharmaceutical administration.

Studies should only be performed by a surgeon and a
nuclear medicine specialist who have undergone specific
training in this technique [9]. At this time, no definition of
the required training has been validated for the surgeon or
the nuclear physician, although a minimum of 30 proce-
dures has been proposed for the surgeon [10].

Quality control

Quality control for the gamma camera and image
display should be routinely performed, according to
published protocols [11, 12]. Demonstration of spatial
registration in multiple energy windows may be required
to optimise image quality. Quality control of the gamma
probe used to detect the sentinel node in the operating
theatre should also be performed according to published
protocols [13].

Radiopharmaceuticals

A variety of colloids have been used in this technique. The
radiopharmaceuticals commonly employed for LS are
99mTc-sulphur colloid (particles’ size: 15–5,000 nm),
99mTc-nanocolloid (5–100 nm), 99mTc-antimony trisulphide
(3–30 nm). The choice of the radiopharmaceutical depends
on the geographic area: in Europe, 99mTc-nanocolloid; in
USA, 99mTc-sulphur colloid; and in Canada and Australia,
99mTc-antimony trisulphide.

There is a general agreement that a radiocolloid with the
majority of particles ranging between 100 and 200 nm in
size can be considered the best compromise between fast
lymphatic drainage and optimal retention in the sentinel
lymph node [14, 15].

If a single node wishes to be seen and imaging times
cannot be coordinated with the operating theatre time, a
large colloid with a size of 200–1,000 nm is recommended
[4]. It has been found that these larger colloids tend to
“stick” in the sentinel node and allow imaging for up to
20 h post injection.

The SN is, generally, visualised in 2 h, and the patient
should be in the operating theatre within about 16–20 h
after the injection of the colloid [1, 4, 16]. The colloid must
be labelled with technetium pertechnetate using manufac-
turer’s instructions. A labelling yield greater than 95% must
be assessed before injecting the radiopharmaceutical.
General radiopharmaceutical requirements for quality con-
trol must be used.
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Volume and activity

Large volumes of colloid may disrupt local lymphatics;
therefore, small volumes should be injected [4]. A single
aliquot of 5–20 MBq (depending on the elapsed time
between scintigraphy and surgery) of colloid in 0.2 ml is
considered sufficient. A higher activity can be used for late
procedures. The syringe should also contain a similar
amount of air to clear any dead space within the syringe
and the needle. In deep lesions, a slightly larger volume
(0.5 ml) may be used.

Radiation dosimetry

Radiation dosimetry for the patient has been measured and
published data are summarised in the table from Law et al.
[17], which gives the Sorgan←source as experimentally
determined using an anthropomorphic Alderson-Rando
phantom with four peritumoural injection sites as sources
and thermoluminescent dosimeter detectors positioned in
target organs. The upper limit to an organ dose can be
computed in the hypothesis of complete decay in the
injection site without surgical removal. Using a simple
equation and an average value taken from the last row of
the table below (Table 1), we can calculate an effective dose
of 2.6 μSv/MBq, which is significantly lower than the
21 μSv/MBq reported by Waddington et al. [18]. Values
from this paper are systematically higher with respect to the
upper limit obtained from Law et al. [17]: 7.8 vs 1.7 μGy/

MBq for the lung and 720 vs 35 μGy for the injected
breast. Data by Cremonesi et al. [19] estimated a mean of
780 μSv/MBq at the injection site, with a range of 72 to
2,700 μSv/MBq. Using these data, it can be concluded,
even considering the highest values, that “radiation risk to
the patient is consequently low relative to that from many
other medical exposures” [18].

Normal distribution

& Injection site in the breast
& Lymph-node(s).

Techniques

Administration

Site of injection

A sub-dermal injection over the tumour site is sufficient for
all but the deepest tumours [4, 16]. The site of injection can
be gently massaged after the administration or if passage of
activity from the injection site is delayed at any time during
the study. A peri-tumoural injection of 0.5 ml is recom-
mended in all deep tumours [4, 20]. If the lump is not
palpable, ultrasound can be used to guide the injection.

Peri-areolar injection can be used particularly in upper-
quadrant tumours to avoid possible cross-talk due to short
distance between peri-tumoural depot and the axillary
sentinel node [21, 22]. This technique has the advantage
of demanding less experience, particularly in non-palpable
lesions. At present there is no evidence to justify intra-
tumoural injections of colloids.

Image acquisition

Imaging is strongly recommended before any operative
procedure, as there is some variability in breast lymphatic
drainage into the axilla and more than one sentinel node can
be visualised in up to 20% of patients.

Gamma camera

The gamma camera should be equipped with a low-energy,
high-resolution collimator.

Energy window

The energy window should be 15% (±5%) centred over the
140 keV photopeak of 99mTc.

Table 1 Normalised absorbed doses (DT,R) received by various
organs of interest by internal emission from each breast injection
and the calculated normalised effective dose [17]

Organ Normalized DT,R [μGy (MBq˙h)
−1]

Left breast
injection

Right breast
injection

Ovary 0.021 0.016
Bone marrow 0.095 0.104
Colon 0.043 0.044
Lung 0.197 0.230
Stomach 0.271 0.163
Bladder 0.011 0.012
Breast 4.077 3.755
Liver 0.074 0.236
Oesophagus 0.108 0.122
Thyroid 0.156 0.183
Skin 0.329 0.258
Bone surface 0.062 0.041
Remainder 0.191 0.087
Normalized ED
[μSv(MBq˙h)

−1]
0.312 0.291

ED effective dose
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Patient position

The patient lies supine for imaging on the gamma-camera bed.
Anterior and 45° anterior oblique imaging should be obtained.
It is useful if the arm on the side of the cancer is extended
laterally to 90°, as this will be the position during surgery.

Image collection

1. Images should be performed within 15 min after the
injection, but, if required, they can be performed 2–3 h
or up to 16–18 h after.

2. Planar images are acquired for 3–5 min using a 64×64
matrix, zoom 1.

3. The site of any suspected sentinel node can be localised
on overlying skin on the 45° anterior oblique image
using a 57Co source and the skin marked with a small
spot of indelible ink. If a 57Co is not available, 99mTc
sources using syringe needles can be employed as well.

Optional images and techniques

& If multiple sites of drainage are seen, particularly to the
internal mammary lymph node chain or the contralateral
axilla, further evaluation by appropriate procedures is
recommended [9].

& All images obtained should be stored in a permanent
form, according to national regulations.

Processing

Truncation of the high-activities (injection site) will
improve visualisation of the sentinel node. A logarithmic
scale to enhance low-count areas instead of a linear scale is
preferable for image display.

Procedures in surgical room

Blue dye lymph node localisation

Scintigraphic sentinel node localisation does not prevent
other methods such as peri-tumoural blue dye from being
administered in the peri-operative setting.

Radioguided surgery

Detection probes must be able to detect the sentinel lymph
node from outside the skin surface and within the exposed
surgical cavity as well. The first task implies that the
sensitivity of the detector is sufficient to identify a weakly
active sentinel node when attenuated by, typically, up to
5 cm of soft tissue. However, strong sources of extraneous

radioactivity are frequently located close to the lymph node
basin under investigation, mainly arising from tracer
activity retained at the injection site. Discriminating activity
within the sentinel node from that originating from these
sites requires the probe to also be well collimated for a
small angle view, and it is advisable that the major
component of this collimation be supplied to the probe in
the form of a detachable collimator of suitable construction.
This allows it to be removed when it is not required,
rendering the probe more compact, restoring sensitivity, and
improving ease of use. The detector should also be
constructed to offer a high level of shielding against
radiation hitting the side face of the probe assembly.

The whole system must be designed and constructed to be
suitable for intra-operative use [1]. The detector itself should
be ergonomically designed for easy manoeuverability, and
constructed to be suitable for sterilisation. A clear visual
display capable of indicating instantaneous and cumulative
counts is a major requirement. It is essential that the
instantaneous count-rate be fed to an audio signal able to
vary from the frequency of a continuous signal to a pulsed
signal. Many commercial models are available, and their
physical properties show remarkable differences [13, 23].

In the European Union, it is a requirement that all medical
equipment obtain CE certification, and medical devices
marketed in the USA must be registered with the FDA.
However, whilst encouraged, neither body enforces mandatory
compliance with the most widely recognised international
electro-medical safety standard IEC 60101 [24]; and so,
information regarding compatibility with its requirements
should be separately sought from the manufacturer.

Interpretation criteria

& The first “hot spot” detected on images has to be
considered as the sentinel lymph node.

& During the operation, the surgeon guided by the skin
pen mark will locate the lymph node with the highest
radioactivity. If there are two or more such lymph
nodes, all should be removed.

& Before sending for histological examination, any lymph
node removed should be re-chequed by the probe to
demonstrate that they are radioactive.

& The decision to perform “frozen section” on the
removed lymph node and subsequent axillary node
clearance should follow national guidelines. The radio-
activity within the node is not sufficient to preclude
frozen section [18].

& LS can also visualise internal mammary chain lymph
node from 2 to 8% of cases, especially after a deep
injection under tumour mass and in tumours located in
the inner quadrant. These spots are not considered
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sentinel nodes but can be a sign of a possible change in
N stage [25, 26].

Reporting

The report to the referring physician should describe:

& Site of image acquisition (projections of breast and axilla)
& Radiopharmaceutical, way of administration, and amount

of activity injected
& Location of the sentinel node(s) on gamma-camera

images
& Any source of error or inaccuracy of the procedure

Sources of error

& With colloids of 200–1,000 nm, surgery can be any time
up to 16–18 h post injection of the radioactive colloid.

& As the rate of passage of the smaller colloids is variable,
it is advisable that frequent or continuous measurement
is performed to identify when activity has reached the
sentinel node and determine when intra-operative
probing will be optimal.

Issues requiring further clarification

& Even if some authors consider that the previous breast
biopsy can alter the lymphatic drainage affecting the
results of sentinel node biopsy, there are other evidences
that sentinel node biopsy performed in the area of
previous breast biopsy do not affect the accuracy of the
procedure [27].

& There is still an open discussion on the influence of
neo-adjuvant chemotherapy on sentinel node identifica-
tion and removal [28].

& Multiple foci of carcinoma, particularly when located in
different quadrants, have been considered a relative
contraindication for sentinel lymph node biopsy be-
cause of concerns that these tumours involve more than
one lymphatic vessel. Recent studies report that sentinel
node localisation maintain its negative predictive value
also in patients with multicentric and multifocal breast
carcinoma [29, 30].

& Though there is some evidence that peri-areolar
injection will be effective in patients with suspected
multifocal or multicentric lesions, this must be con-
firmed by larger trials [29].

& There is no definitive consensus on what to do if the
sentinel node cannot be visualised.
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