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Abstract. Sentinel node mapping reduces surgical mor-
bidity and allows the use of more accurate tumour stag-
ing techniques. Radionuclide studies are preferentially
performed using small colloids, which have limited
availability in our country. The possibility of using phy-
tate for sentinel node mapping was raised because of the
similarity between its biodistribution and that of nano-
colloids in the reticulo-endothelial system. In this paper
we evaluated the use of 99mTc-phytate for sentinel node
mapping, correlating the histopathological results with
the status of the rest of the lymph node chain in different
malignant tumours. A total of 100 patients were studied.
group 1 consisted of 62 patients with breast cancer,
group 2 of 20 patients with melanoma and group 3 of 18
patients with vulvar carcinoma. Lymph node scintigra-
phy was carried out after injecting 99mTc-phytate sub-
dermally, and the sentinel node projection was marked
on the skin. After 18–24 h, intraoperative sentinel node
localisation was performed using a gamma probe (com-
bined with visual localisation using patent blue dye) in
75 patients, and lymph node dissection was then carried
out. Radionuclide scintigraphy identified the sentinel
node in 98% of all studies. Intraoperative detection using
the gamma probe was equally efficient: group 1=93%
(38/41), group 2=95% (18/19) and group 3=100%
(15/15). The sentinel node was involved in 41%, 31%
and 20% of cases in groups 1, 2 and 3, respectively.
Among the patients with positive nodes, the sentinel
node was the only one affected in 53% of group 1, 50%
of group 2 and 67% of group 3 cases. The method’s neg-
ative predictive value was 91% in group 1 and 100% in
the other groups. One false-negative study occurred in a

patient who had a multifocal tumour and an intraparen-
chymatous lymph node; another occurred in a patient
with a macroscopically affected node found during sur-
gery. There were no side-effects related to the 99mTc-
phytate. It is concluded that scintigraphic and intraopera-
tive sentinel node identification was satisfactorily per-
formed using 99mTc-phytate. The results were compara-
ble to those previously described in the literature using
other radiopharmaceuticals. Easy availability and low
cost justify the use of phytate in our practice.
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Introduction

The sentinel node (SN) corresponds to the first lymph
node receiving lymphatic drainage from a specific re-
gion. It represents the initial site of tumour implantation,
bearing in mind that tumour spread normally occurs in a
sequential manner along the lymphatic system. There-
fore, tumour presence in the SN allows one to accurately
predict whether the rest of the lymph node chain is af-
fected. The possibility of performing adequate staging
and reducing both morbidity and cost (when compared to
dissection of the entire lymph node chain) has led to the
widespread acceptance and development of new SN
sampling techniques.

The initial studies on the subject were performed
without using radionuclide techniques. In 1977, Cabanas
detected the first lymph node draining from a penile car-
cinoma and found a lower mortality rate among patients
in whom this node was tumour-free. In 1992, Morton et
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al. applied the SN concept in patients with cutaneous
melanoma, injecting blue dye inside the lesion before
surgery to map the lymphatic drainage and visually iden-
tify the first coloured lymph node.

The use of dyes is straightforward and has yielded
good results [1, 2, 3], although some limitations do exist.
Firstly, direct visual analysis implies that the route of
lymphatic drainage for a specific tumour is exactly
known, which is not always true in melanomas of the
trunk. In the same way, it is sometimes difficult to detect
lymph nodes in atypical locations. The time necessary
for the dye to appear in the node is also variable. There-
fore, there is a risk of inadvertent node dissection before
dyeing of the SN or after transport to a large number of
lymph nodes has occurred.

In 1993, Alex and Krag proposed the intradermal in-
jection of sulphur colloid (labelled with technetium-
99m) around the melanoma, with performance of serial
scintigraphic images to determine which lymphatic chain
is responsible for drainage and to detect the SN. Marking
the lymph node’s cutaneous projection during scintigra-
phy provides a reference for the surgeon, permitting less
aggressive incisions and dissections. The development of
a portable gamma probe led to the more widespread use
of radionuclide techniques (sometimes combined with
the use of dyes) for intraoperative determination of SN
location. Use of such a probe and lymphatic scintigraphy
increases the detection rate and allows for quicker and
less morbid intraoperative sampling. The most frequent-
ly studied tumours with this method are melanoma and
breast cancer; occasionally it is also used to study carci-
nomas of the vulva, lung, and oropharynx [4, 5].

Literature review shows relatively homogeneous re-
sults in radionuclide-guided SN identification, despite
differences in terms of radiopharmaceuticals, activity,
volume and route of administration. It is generally ac-
cepted that radionuclide-labelled colloids with diameters
between 20 and 500 nm should be used [6, 7]: larger par-
ticles are limited by their slow transport through the lym-
phatic system, while smaller particles are not phagocyti-
sed in the SN and ascend along the rest of the chain un-
eventfully. The use of albumin nanocolloids in Europe,
antimonials in Australia and sulphur colloids (subjected
to modified preparation or filtration) in the United States
is noteworthy. However, the limited availability of the
first two agents in Brazil, and the non-uniformity and
technical difficulty in preparation of sulphur colloid, led
us to seek an alternative.

Although direct measurement of particle size is diffi-
cult, we considered using 99mTc-phytate for SN mapping.
This possibility was raised because of the similarities in
the biodistribution of phytate and nanocolloids in the re-
ticulo-endothelial system.

Materials and methods

Patients

One-hundred patients were studied between March 1998 and July
2000 and separated into three groups:

● Group 1: 62 patients, all women, aged from 34 to 81 years
(mean 58 years). The patients presented breast cancer or suspi-
cious mammographic findings, with tumour diameters of less
than 5 cm, clinically negative axillae and no distant metastases
(T1/T2N0M0). Patients with multifocal tumours and those
who had previously received chemotherapy were excluded.
There was no history of previous breast surgery.

● Group 2: 20 patients (14 women, 6 men) aged from 22 to 
74 years (mean 51 years). The patients had undergone resec-
tion of malignant melanoma, on average 3 months before the
study, and did not present clinically suspicious lymph nodes.
The primary lesion was located on the trunk in five patients, on
the upper extremities in five, and on the lower extremities in
ten. The Clark index was II in two patients, III in five, IV in
six and V in seven. According to Breslow’s classification, tu-
mour depths ranged from 1.1 to 7 mm (mean 4.1 mm).

● Group 3: 18 patients with vulvar carcinoma, 16 of whom had
clinically negative nodes in the evaluated lymphatic basin. In
the two patients with clinically positive nodes, SN mapping
was only carried out on the contralateral side.

The study was approved by the institution’s Ethics Committee. All
patients were informed of the nature of the procedures and gave
their consent.

Lymphatic mapping

Radionuclide. The phytate vial (IPEN, São Paulo), containing
20 mg phytate and 1 mg lyophilised tin chloride, was reconstituted
into a volume of 3 ml with an activity of 222 MBq (6 mCi) of
99mTc, obtained in the form of sodium pertechnetate from a molyb-
denum-Tc generator (IPEN, São Paulo).

Administration. Subdermal injection of 0.8 ml of radiopharmaceu-
tical, with an activity of 55–74 MBq (1.5–2 mCi), was performed.
In group 1 patients, the injection was carried out at four or more
distinct points on the cutaneous projection of the palpable breast
tumour, in group 2 around the scar resulting from resection of the
primary tumour, and in group 3 around the vulvar lesion. After the
injection, local massage was carried out in all patients to acceler-
ate lymphatic transport.

Imaging. All 100 patients underwent scintigraphy at the Brazilian
Institute of Cancer Control (IBCC), using a large field of view
scintillation camera, model SPX-6 (Elscint, Haifa), with a low-
energy high-resolution collimator.

The dynamic phase was carried out only in patients with mela-
noma (group 2), with 30-s images being obtained over a 5-min pe-
riod after the injection of radionuclide. In all groups, 5-min static
images were obtained from 10 to 60 min after the injection, and
late images at up to 4 h were performed if necessary.

In group 1, thoracic imaging was carried out in the anterior
and lateral projections (of the affected breast side). Group 2 pre-
sented the most significant regional variations after static imag-
ing, depending on primary tumour site and on the transport ob-
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served during the dynamic phase. The images typically obtained
included thorax/axilla and pelvis for trunk melanoma, pelvis for
lower extremity lesions and thorax/axilla for upper extremity le-
sions. Images of the popliteal and cubital regions were also ob-
tained in patients with distal extremity lesions. In group 3, imag-
ing was carried out in the anterior and lateral projections of the
pelvis.

Transmission images were also performed to improve body
contour identification. The identified lymph nodes were marked
over the skin with the patient placed in the same position as for the
future surgical procedure.

Intraoperative evaluation

Intraoperative SN localisation using the gamma probe and the blue
dye was carried out in 75 patients (41 with breast cancer, 19 with
melanoma, and 15 with vulvar carcinoma). The other 25 patients
did not undergo the gamma probe study because the equipment
was unavailable at the time. Surgery was carried out on average
18–24 h after scintigraphy.

Patent blue dye (diluted at 2%) was injected approximately
30 min before surgery. In breast cancer cases, 4 ml was injected
around the tumour, whereas 2 ml was injected intradermally in pa-
tients with cutaneous melanoma and vulvar carcinoma. In surgery,
the lymphatic chain was searched, and its course followed to the
dye-stained SN.

We employed a GAMMED II-Eurorad gamma probe with a
CdTe detector, adjusted to an energy of 140 keV. Before the inci-
sion, we assessed the number of counts over the skin markings
performed during scintigraphy. These were then compared to the
other areas within the same lymphatic basin, and counts of over 20
during a 10-s period were considered significant. The probe was
then covered with a sterile protection and used by the surgeon to
direct intraoperative SN mapping.

The number of counts in the lymph node in vivo and after its
resection were measured. If activity in the surgical field was main-

tained at above 1/10th of the counts detected before SN removal,
mapping and removal of the other lymph nodes demonstrating up-
take were performed. After identification and resection of the SN,
resection of or an increase in the primary tumour’s margins, as
well as radical node dissection, was carried out.

Histopathological analysis

In patients with breast and vulvar cancer, the resected SN was sub-
jected to histopathological analysis. The SN was evaluated macro-
scopically, had its three dimensions assessed and was longitudinal-
ly incised. Imprinting of the two halves was carried out using hae-
matoxylin-eosin (HE). In lymph nodes larger than 1 cm, frozen
section analysis was also performed, preferentially on the half dis-
playing positive imprinting. The half not subjected to frozen sec-
tion (as well as any sentinel nodes smaller than 1 cm) was sent for
inclusion in paraffin, and 3-µm slices were obtained and dyed us-
ing HE. In cases of melanoma, inclusion of the SN in paraffin,
slicing and HE staining were carried out directly after macroscop-
ic analysis.

Results

Scintigraphy

99mTc-phytate scintigraphy identified the SN successfully
in 98% of cases. Identification occurred 30–40 min after
the injection in patients of groups 1 and 3. In melanoma
cases, a more rapid transport of the radionuclide was ob-
served, which usually enabled identification of the node
during the dynamic phase. The average number of lymph
nodes found per patient was 1.3 in group 1, 1.7 in group
2 and 1.5 in group 3 (Figs. 1, 2 and 3). 
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Fig. 1. 99mTc-phytate scintigra-
phy in a patient with melanoma
on the abdomen. Rapid trans-
port is observed to the right ax-
illary chain and bilaterally to
the inguinal chains, with uptake
in the SNs of the three chains



The SN was located in the axillary chain in all group
1 cases, and progression to the internal thoracic chain
was not observed in any case. In group 2, patients with
lower extremity melanomas presented SNs in the popli-
teal (one case) and inguinal regions (9 cases); in all five

patients with upper extremity tumours, the SN was in
the axillary chain. Drainage in the five patients with
melanoma on the trunk was more variable: one case had
bilateral axillary drainage, one had axillary and ipsilat-
eral inguinal drainage, one had transport to the posterior
cervical region, and two had exclusive drainage to the
lymph node basin closest to the lesion. In vulvar carci-
noma, the SN was always located in the inguinal chain.
In lesions close to the clitoris, symmetrical and bilateral
transport occurred towards the inguinal lymph nodes
(eight cases).

The only two cases in which SN identification was
unsuccessful occurred at the beginning of the study, in
patients with breast cancer, reducing the sensitivity in
this group to 97% (60/62) (Table 1). In one patient visu-
alisation of the node was hampered by the spreading of
activity throughout the injection site, near to the axilla.
In another obese patient with a tumour in the right supe-
rior-medial quadrant, the SN was not identified until 4 h
after the injection. In the first case, the gamma probe
was unavailable and the lymph node was found using the
blue dye technique. In the second case, the SN was iden-
tified intraoperatively using the probe. There were no lo-
cal or systemic side-effects related to the use of 99mTc-
phytate.

Intraoperative detection

The SN was identified intraoperatively using the gamma
probe in 71 patients: in 38/41 group 1 cases (93%),
18/19 group 2 cases (95%) and all 15 group 3 cases (Ta-
ble 1). In the four cases in which the gamma probe failed
to identify the SN, use of the blue dye did not permit
identification of the node.

In two breast cancer patients in whom intraoperative
identification of the SN was negative, histopathological
analysis failed to identify tumour spread to the lymph
nodes. In a third patient, analysis showed micro-metas-
tases in four nodes. In these three patients, scintigraphy
identified the SN in the axillary chain.

The melanoma patient in whom the SN was not local-
ised by gamma probe or blue dye presented a tumour on
the back (in the superior midline region); scintigraphy
demonstrated drainage to the posterior cervical lymph
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Fig. 2. 99mTc-phytate scintigraphy in a patient with left breast can-
cer. Transport of the radiopharmaceutical is observed towards two
lymph nodes in the left axilla

Fig. 3. 99mTc-phytate scintigraphy in a patient with vulvar carcino-
ma. Lymphatic transport is observed bilaterally to the inguinal
chains

Table 1. SN detection using scintigraphy and the gamma probe
with 99mTc-phytate

Scintigraphy Gamma probe detection

Breast cancer 97% (60/62) 93% (38/41)
Melanoma 100% (20/20) 95% (18/19)
Vulvar carcinoma 100% (18/18) 100% (15/15)

Total 98% (98/100) 95% (71/75)



nodes. Histopathological analysis failed to demonstrate
metastatic spread to these nodes.

Tumour spread to the SN and lymphatic chains

Tumour spread to the lymphatic chains was detected us-
ing the gamma probe in 26 of the 71 patients (37%):
17/38 (45%) in group 1, 6/18 (33%) in group 2 and 3/15
(20%) in group 3. In these patients, histopathological
analysis of the SN allowed us to predict the status of the
rest of the chain in 95% of group 1 patients and in all
group 2 and 3 patients, with a global accuracy of 97%.
The negative predictive value of SN identification using
phytate was 96% in all patients; specifically, it was 91%
(21/23) in group 1 and 100% in groups 2 and 3 (Table 2).

The only two false-negative results occurred in group
1. One patient presented a multifocal breast tumour and
we identified an affected lymph node inside the paren-
chyma. The other patient had a hardened and affected
lymph node adjacent to the one identified as the SN by
both 99mTc-phytate and blue dye.

Discussion

A high rate of SN detection was achieved using the gam-
ma probe and 99mTc-phytate scintigraphy, with a satisfac-
tory correlation between the status of the SN and the rest
of the chain. The obtained results are comparable to
those described in the literature.

In a recent review of 1,135 melanoma cases, SN de-
tection using radioisotopes was achieved in 97% of pa-
tients, with a negative predictive value of 100% [8]. Our
results were similar, with rates of 95% and 100%, re-
spectively, even though tumours with an invasion depth
of up to 7 mm were included in the study (the mean was
4.1 mm). For the purposes of technique validation, pa-
tients who would routinely be submitted to lymph node
dissection and would not benefit from previous SN de-
tection were included in the study group. Tumours with
larger invasion depths showed a relatively high percent-
age of spread to the chain [9, 10, 11]. However, the effi-
ciency of phytate in terms of SN detection was not af-
fected in this group.

In 443 patients with breast cancer, the SN detection
rate and negative predictive value were 93% and 96%,
respectively [12], compared with 93% and 91% in our
study. Our results showed a higher prevalence of tu-
mours sized 2–5 cm (T2=57%), which might explain the
relatively high percentage of tumour spread to the lym-
phatic chain (45%). Tumour size might also decrease SN
detection by the gamma probe, as a previous study re-
ported rates of 94% in tumours smaller than 1 cm, 85%
in tumours sized 1–3 cm, 70% in tumours sized 3–5 cm
and only 63% in tumours larger than 5 cm [13]. Our
study’s two false-negative results occurred in patients
with stage T2 tumours and could be explained by the
clinical data. One patient presented a multifocal tumour,
which was only detected intraoperatively. Multifocality
is a well-known cause of false-negative results because
drainage of the injection site and drainage of other tu-
moural foci do not necessarily correspond [14]. In the
other case, even though the axilla was clinically nega-
tive, a hardened and macroscopically affected lymph
node was found during surgery.

Vulvar carcinoma has been less studied than melano-
ma and breast cancer, although the results have also been
promising. In terms of SN detection using radionuclides,
sensitivity and predictive values of up to 100% and
95%–100%, respectively, have been reported [15, 16,
17]. We found a satisfactory correlation between SN and
chain status in the 15 patients studied, including the two
who presented contralateral involvement (one case in
which the whole chain was negative and one in which
the SN and another two lymph nodes were affected).
Whether unilateral (contralateral) SN evaluation is ap-
propriate when one of the chains presents signs of tu-
mour spread is debateable. We chose to do this (although
staging remained unchanged) because demonstration of
an unaffected chain would permit a less aggressive ap-
proach and could reduce the postoperative complications
in one of the extremities. Clinical validation of the SN in
this particular situation would require certification that
tumour progression has not occurred via communication
with the contralateral chain.

Lymphatic staging using the SN can sometimes be
considered superior to dissection and histological study
of the whole chain, since one can employ more sensitive
techniques (such as immunohistochemistry) for detection
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Table 2. Tumour spread to lymph nodes in patients with intraoperative SN identification after the administration of phytate

Affected Affected Affected SN False- SN Negative
lymph SN (and rest of the negative accuracy predictive
nodes chain negative) SN value

Group 1 (n=38) 17 (45%) 15 9 2 95% 91%
Group 2 (n=18) 6 (33%) 6 3 0 100% 100%
Group 3 (n=15) 3 (20%) 3 2 0 100% 100%
Total (n=71) 26 (37%) 24 14 2 97% 96%



of micrometastases. Furthermore, prospective studies
have confirmed that complete dissection of the chain
does not affect survival rates in patients with melanoma
and negative sentinel nodes [8, 9]. Prospective follow-up
of 132 breast cancer patients during 39 months did not
demonstrate local recurrence when lymphadenectomy
was not performed in patients without SN involvement
[18]. Follow-up data are still limited in patients with vul-
var carcinoma.

The results reported in the literature are relatively
similar, even though the employed techniques vary. The
main variations concern radionuclide type, volume and
route of administration. In cases of melanoma, the ad-
ministration of small volumes (0.2 ml) via the intrader-
mal route (around the lesion) is recommended. In breast
cancer, volumes ranging from 0.2 [19] to 6 ml [20] are
injected inside the tumour [21], around it [22] or in its
projection on the skin [23]. As regards the radiopharma-
ceutical, colloid particles with a diameter of 20–500 nm
are considered ideal, since transport is faster compared
with larger particles and retention in the SN (through
phagocytosis) is increased compared with smaller parti-
cles.

Although experience with nanocolloids and antimoni-
als has been widely reported, these substances are virtu-
ally unavailable in Brazil. A similar problem exists in
the United States, where these substances still require
approval for use. Therefore, procedures such as filtration
and modified preparations to reduce the sulphur colloid
particles (which normally measure between 100 and
1,000 nm) have been developed [7].

Phytate labelled with 99mTc was initially described as
a radiopharmaceutical for reticulo-endothelial system
scintigraphy in 1973, forming colloid in vivo upon reac-
tion with ionised calcium [24]. Like the uptake of nano-
colloids, 99mTc-phytate uptake occurs predominantly in
the liver (rather than the spleen) after intravenous injec-
tion, which indicates the formation of particles with a
small diameter in the blood. Before injection, the addi-
tion of calcium to the labelled preparation results in the
formation of larger particles and in a proportional in-
crease in splenic uptake [25, 26].

The use of phytate in lymphoscintigraphy has been
described previously [27, 28], although not specifically
for SN detection. Alavi et al. considered 99mTc-phytate
adequate for lymphoscintigraphy because lymph nodes
were efficiently visualised 1 h after subcutaneous injec-
tion of the substance in animals, suggesting that the
formation of colloid might occur by contact with calci-
um in the lymphatics [27]. On the other hand, Ege and
Warbick [29] and Strand and Persson [30] demonstrat-
ed low uptake in the internal thoracic chain after injec-
tion under the xyphoid process in animals and patients,
with worse results when compared with antimonial col-
loid.

An interesting fact pointed out by Ege and Warbick is
that phytate was taken up only in the popliteal lymph

node and displayed less transport to lumbar lymph nodes
in rabbits (as compared with antimonial colloid) [29].
Kaplan et al. also considered phytate inadequate for
study of the internal thoracic chain in patients owing to
retention in the first lymph nodes, unsatisfactory trans-
port to the higher chains, and the identification of, on av-
erage, only half of the nodes detected using antimonial
colloid [28]. Although inadequate for use in these two
studies, radiopharmaceutical uptake in a smaller number
of lymph nodes is a desirable characteristic when consid-
ering SN mapping.

Despite the indirect data obtained from biodistribu-
tion studies, direct measurements of phytate particle size
have infrequently been performed and have demonstrat-
ed that the presence of calcium has a strong influence.
Electronic microscopy performed after in vitro phytate
labelling (without the addition of calcium) showed parti-
cles with a modal diameter of 8 nm, although only
5%–10% of 99mTc was attached to them [29]. Another
similar study showed that when phytate was reconstitut-
ed without the addition of calcium, particles with diame-
ters ranging from 100 to 200 nm were found among
smaller particles. The addition of calcium at a 2:1 molar
ratio resulted in a predominance of particles with a diam-
eter of 100–200 nm, with occasional 1-µm particles. Par-
ticles measuring up to 6 µm were detected when calcium
was added at a 6:1 molar ratio [25].

Conduction and refraction studies of calcium and
phytate solutions at different molar ratios demonstrated
the formation of two different colloids, with satisfactory
labelling efficiency of 99mTc. The first colloid was
formed at a 1:1 molar calcium to phytate ratio, with par-
ticle diameters of less than 500 nm; the second was
formed at a 6:1 molar ratio and had diameters above
1 µm [31]. Another in vitro study, carried out by filtering
phytate (after incubation with blood) through a Sepharo-
se column, resulted in diameters of less than 5 nm. How-
ever, this study did not specify the concentration, the
molar calcium to phytate ratio during incubation or the
employed anticoagulant (critical if calcium-chelating
agents were used) [30].

The rapid migration of 99mTc-phytate in the initial
phase, with SN detection during the initial minutes of
scintigraphy, could be related to the migration of low
molecular weight compounds before the formation of
colloid. However, radionuclide concentration and uptake
in the SN, with diminished transport to the rest of the
chain, clearly indicates that colloid is being formed in
the subcutaneous tissue or during its course through the
lymphatic channels. The concentration of calcium is
probably the main factor related to the formation of 
in vivo colloids, despite the possible interference of 
other local components. The vial use in this study con-
tains 20 mg of phytate (C6H9O24P6Na9+8·H2O) [25] 
at a concentration and volume of 6.6 mM and 3 ml, 
respectively. At a subcutaneous concentration of cal-
cium similar to that observed in experimental animals
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(1.1–1.47 mM) [32, 33], the low molar calcium to phy-
tate ratio must lead to the slow formation of colloid. The
absorption of low molecular weight compounds into the
blood (in the initial phase after radiopharmaceutical ad-
ministration) would explain the rapid clearance of phy-
tate from the injection site identified in quantitative stud-
ies [30].

An important limitation occurred when 99mTc-phy-
tate was injected around the tumour (in five breast can-
cer patients, studied prior to this study), in that there
was a significant reduction of migration. It is possible
that local factors (calcium concentration, pH or other
extracellular components) may lead to the formation of
larger diameter colloids than the skin injection. There-
fore, we excluded injection into the parenchyma, which
has been related to failure to identify the SN in the in-
ternal thoracic chain (identified in up to 39% of cases
after peritumoural injection but in only 2% after injec-
tion at the site of cutaneous projection of the tumour)
[22]. If SN detection in the internal thoracic chain is
found to significantly influence treatment and progno-
sis, this would be a limitation to be considered when
using phytate.

In conclusion: Sentinel node mapping using 99mTc-
phytate was performed satisfactorily in the different pa-
tient groups, with results comparable to those previously
described in the literature. Despite the difficulty in deter-
mining actual particle size, 99mTc-phytate is a readily
available and cheap radiopharmaceutical that can be con-
sidered a good option for SN mapping in Brazil and oth-
er countries that have similar difficulties in obtaining ap-
propriate radiopharmaceuticals.

References

1. Giuliano AE, Barth AM, Spivack B, Beithsch PD, Evans SW.
Incidence and predictors of axillary metastases in T1 carcino-
ma of the breast. J Am Coll Surg 183:185–189, 1996

2. Ollila DW, Giuliano AE. Intraoperative lymphatic mapping
and sentinel lymphadenectomy using isosulfan blue dye.
Breast Diseases 1998; 8(4):297–301.

3. Bostick PJ, Giuliano AE. Vital dyes in sentinel node localiza-
tion. Semin Nucl Med 2000; XXX:18–24.

4. Morton DL, Chan AD. The concept of sentinel node localiza-
tion; how it started. Semin Nucl Med 2000; XXX:4–10.

5. Maffioli L, Sturm E, Roselli M, Fontanelli R, Pauwels E,
Bombardieri E. State of the art of sentinel node biopsy in on-
cology. Tumori 2000; 86:263–272.

6. Eshima D, Fauconnier T, Eshima L, Thornback JR. Radio-
pharmaceuticals for lymphoscintigraphy: including dosimetry
and radiation considerations. Semin Nucl Med 2000; XXX:
25–32.

7. Wilher AJ, Mijnhout S, Franssen EJF. Radiopharmaceuticals
in sentinel lymph-node detection. An overview. Eur J Nucl
Med 1999; 26 Suppl:36 –42.

8. Caggiata A, Potenza C, Gabrielli F, Passarelli F, Tartaglione
G. Sentinel node biopsy for malignant melanoma: analysis of
a four-year experience. Tumori 2000; 86:332–335.

9. Chan AD, Morton DL. Sentinel node detection in malignant
melanoma. Recent Results Cancer Res 2000; 157:162–173.

10. Tanabe KK, Reintgen D. The role of sentinel lymph node
mapping for melanoma. Adv Surg 1998; 31:79–103.

11. Gennari R, Bartolomei M, Testori A, Zurrida S, Stold HS,
Audisio RA, Geraghty JG, Paganelli G, Veronesi U. Sentinel
node localization in primary melanoma: preoperative dynamic
lymphoscintigraphy, intraoperative gamma probe, and vital
dye guidance. Surgery 2000; 127:19–24.

12. Krag D, Weaver D, Ashicaga T, et al. The sentinel node in
breast cancer. N Engl J Med 1998; 339:941–946.

13. Schlag PM, Bembenek A. Specification of potential indica-
tions and contraindications of sentinel lymph node biopsy in
breast cancer. Recent Results Cancer Res 2000; 157:228–236.

14. Chu KU, Giuliano AE. Potential and pitfalls of sentinel node
detection in breast cancer. Recent Results Cancer Res 2000;
157:237–246.

15. Ansink AC, Sie-Go DMD, Van Der Velden J, et al. Identifica-
tion of sentinel lymph nodes in vulvar carcinoma patients with
the aid of a patent blue V injection. Cancer 1999; 86:652–656.

16. Terrada KY, Coel MN, Ko P, Wong JH. Combined use of in-
traoperative lymphatic mapping and lymphoscintigraphy in
management of squamous cell cancer of the vulva. Gynecol
Oncol 1998; 70:65–69.

17. Paganelli G, De Cicco C, Chinol M. Sentinel node localization
by lymphoscintigraphy: a reliable technique with widespread
applications. Recent Results Cancer Res 2000; 157:121–128.

18. Giuliano AE, Haigh PI, Brennan MB, Hansen NM, Kelley
MC, Ye W, Glass EC, Turner RR. Prospective observational
study of sentinel lymphadenectomy without further axillary
dissection in patients with sentinel node negative breast can-
cer. J Clin Oncol 2000; 18:2553–2559.

19. Veronesi U, Paganelli G, Galimberti V, et al. Sentinel node bi-
opsy to avoid axillary dissection in breast cancer with clinical-
ly negative lymph-nodes. Lancet 1997; 349:1864–1867.

20. Cox CE, Pendas S, Cox JM, et al. Guidelines for sentinel node
biopsy and lymphatic mapping of patients with breast cancer.
Ann Surg 1998; 227:645–653.

21. Olmos RAV, Jansen L, Hoefnagel CA, Nieweg OE, Muller
SH, Rutgers EJT, Kroon BBR. Evaluation of mammary
lymphoscintigraphy by a single intratumoral injection for sen-
tinel node identification. J Nucl Med 2000; 41:1500–1506.

22. Haigh PI, Hansen NM, Giuliano AE, Edwards GK, Ye W,
Glass EC. Factors affecting sentinel node localization during
preoperative breast lymphoscintigraphy. J Nucl Med 2000;
41:1682–1688.

23. De Cicco C, Cremonesi M, Bartolomei M, Paganelli G.
Lymphoscintigraphy and radioguided biopsy of the sentinel
axillary node in breast cancer. J Nucl Med 1998; 39:2080–
2084.

24. Subramanian G, McAfee JG, Mehta A, Blair RJ, Thomas ED.
Tc-99m stannous phytate: a new in vivo colloid for imaging
the reticuloendothelial system. J Nucl Med 1973; 14:459.

25. Campbell J, Bellen JC, Baker RJ, Cook DJ. Technetium-99m
calcium phytate – optimization of calcium content for liver
and spleen scintigraphy: concise communication. J Nucl Med
1981; 22:157–160.

26. Davis MA, Kaplan ML, Ahnberg DS, et al. A modified 
Tc-99m-phytate colloid for liver-spleen imaging. Int J Appl
Radiat Isot 1977; 28:123–130.

27. Alavi A, Staum MM, Shesol BF, Bloch PH. Technetium-99m
stannous phytate as an imaging agent for lymph nodes. J Nucl
Med 1978; 19:422–426.

1603

European Journal of Nuclear Medicine Vol. 28, No. 11, November 2001



28. Kaplan WD, Davis MA, Rose CM. A comparison of two tech-
netium-99m-labeled radiopharmaceuticals for lymphoscintig-
raphy: concise communication. J Nucl Med 1979; 20:933–
937.

29. Ege GN, Warbick A. Lymphoscintigraphy: a comparison of
99Tc(m) antimony sulphide colloid and 99Tc(m) stannous phy-
tate. Br J Radiol 1979; 52:124–129.

30. Strand SE, Persson BR. Quantitative lymphoscintigraphy. I.
Basic concepts for optimal uptake of in the parasternal lymph
nodes of rabbits. J Nucl Med 1979; 20:1038–1046.

31. Galvez Alvarez J, Garcia Segui C, Garcia Domenech R, 
Moreno Frigols J. [99mTc]Ca-phytate: some colloidal charac-
teristics related to the optimal preparation conditions. Int J
Appl Radiat Isot 1983; 34:1647–1649.

32. Gilányi M, Ikrényi C, Fekete J, Ikrényi K, Kovách AG. Ion
concentrations in subcutaneous interstitial fluid: measured ver-
sus expected values. Am J Physiol 1988; 255:F513–F519.

33. Linhares MC, Kissinger PT. Determination of endogenous
ions in intercellular fluid using capillary ultrafiltration and mi-
crodialysis probes. J Pharm Biomed Anal 1993; 11:1121–
1127.

1604

European Journal of Nuclear Medicine Vol. 28, No. 11, November 2001


