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A ss reported in a previous publication, improvement in the rate of sentinel 
nodee visualisation by mammary lymphoscintigraphy was achieved at 
dosess higher than 65 MBq of ""Tc-nanocolloid.1 In spite of this 
improvementt in the overall visualisation rate, we have observed that 

faintt lymph node uptake is not infrequent, which may hamper adequate 
identificationn of sentinel nodes by scintigraphy and subsequent intraoperative 
localisationn by the gamma probe. In this study, we examined an increase in the 
concentrationn of colloid particles and further adjustment of the tracer dose in order 
too optimise the visualisation of lymph nodes. 
Thee influence of the number of colloid particles and the particle concentration on the 
lymphh node visualisation has received relatively littl e attention in the literature 
aboutt the sentinel node procedure in breast cancer. Most discussion has been 
focusedd on the colloid particle size and the routes of administration.28 Various 
factorss such as advanced patient age, small tracer dose, large particle size, and 
lymphh node infiltration by tumour have been associated with reduced lymph node 
uptake.. There are also reasons to believe that an insufficient particle concentration 
mayy become critical for adequate lymph node visualisation, particularly when the 
intramammaryy (peri- or intratumoural) administration route is preferred.910 In 
contrastt with the cutaneous route, which is associated with a high and fast migration 
ratee of colloid particles from the injection site, intrammamary administration tends 
too result in a more protracted particle transport towards the lymph node basins. An 
enhancementt of the colloid particle concentration would theoretically result in an 
improvedd particle supply to mammary lymph capillaries, accompanied by increased 
transportt rate. The distribution into the lymph node probably becomes more 
extensivee by using more particles. Furthermore, the ingestion of particles by the 
macrophagess wil l be enhanced by increasing the particle concentration of the tracer 
ass the capacity of a phagocytic response of the macrophage membrane is 
proportionall  to the number of presented particles.9 

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

Method s s 

AA 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 
cytologyy or histological core biopsy were evaluated. Only patients with an operable 
palpablee breast tumour and clinically lymph node negative axilla were included. 
Patientss with previous excisional biopsy, distant metastases or pregnancy were 
excluded.. Patients were divided in two groups (table 1). In group A, which included 
thee first 75 patients (mean age 54 years, range 27 to 83), a standard labelling of 0.5 
mgg 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 
includedd the subsequent 76 patients (mean age 53 years, range 30 to 82). 
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Tablee 1. Tumour staging and breast quadrant distribution The average dosage, calculated on 

thee basis of net administered doses, 
inn group A was 93 MBq (range 57 
too 130 MBq) and in group B 107 
MBqq (range 74 to 139 MBq). After a 
singlee intratumoural injection of 
0.22 ml, simultaneous anterior and 
supinee lateral dynamic 20-second 
imagess of the affected region were 
obtainedd during 10 minutes using a 
dual-headd gamma camera (ADAC, 
Milpitas,, CA, USA) with low-
energyy high-resolution collimators. 
Subsequently,, 5-minute anterior 
andd prone lateral planar images 
weree obtained at 30 minutes, 2 

hourss 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 
indicatedd on the skin with ink. Criteria to dis-tinguish the sentinel node from 
secondaryy lymph nodes were the visualisation of an afferent lymphatic vessel 
leadingg from the injection site to the lymph node or, if no afferent vessels were seen, 
thee first lymph node appearing in each basin (figure 1). Lymph node uptake was 
evaluatedd 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 
figuree 2, and by quantification of counts at 4 hours in the first draining lymph node. 
Quantificationn was performed as a rule on prone lateral images and on the basis of 
regionn of interest analysis without background subtraction. Lymph vessels were 
evaluatedd in relation to the time of visualisation (figure 3). 

Side e 

right right 
left t 

Tumourr stage 

CT1N0M0 0 

CT2N0M0 0 

CT3N0M0 0 

Breastt quadrant 

upper-outer r 

upper-inner r 

lower-outer r 

lower-inner r 

central l 

Groupp A (N=75) 

36 6 
39 9 

49 9 
26 6 
0 0 

38 8 
17 7 
8 8 
4 4 
8 8 

Groupp B (N=76) 

36 6 
40 0 

53 3 
22 2 
1 1 

36 6 
11 1 
13 3 
2 2 
14 4 

Hflsf l l 
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Figuree 1. Anterior (A) and prone lateral (B) 
imagess performed 2 hours after intratumoural 
injectionn (T) of "mTc-nanocolloid in the left 
breastt showing first draining nodes (arrows) 
andd afferent lymph vessels in the left axilla and 
internall mammary chain. In another patient, 
pronee lateral images (C, D) show two separate 
lymphh vessels draining towards two axillary 
sentinell nodes (arrows). Note in both cases 
thatt the difference in uptake between sentinel 
andd second-echelon nodes is accentuated. 
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Figur ee 2. Anterior images of four 
differentt patients obtained at 4 hours 
afterr injection of """Tc-nanocolloid 
intoo the tumour (T). A) No lymph node 
visualisationn (score 0). B) Faint 
radioactivityy uptake (score 1+) in a left 
axillaryy sentinel node (arrow). C) 
Moderatelyy intense uptake (score 2+) 
inn a left axillary sentinel node (arrow). 
D)) Very intense lymph node uptake 
(scoree 3+) in the right axilla (arrow). 

111 B jHË j i l 
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Figur ee 3. Right lateral images 
showingg drainage to the right axilla 
withh visualisation of one sentinel node 
att 20 min (A) after injection of MmTc-
nanocolloidd (T) followed by filling of 
variouss secondary lymph nodes at 2 
hourss (B). Note the persistent 
visualisationn of the afferent vessel. In 
anotherr patient, one first draining 
lymphh node (arrow) is observed at 20 
minn after injection (C) followed by 
fillingg of two other, more caudally 
located,, axillary sentinel nodes (solid 
arrows)) with separate afferent 
channelss and 1 intra-mammary lymph 
nodee (open arrow) after 4 hours (D). 

Thee day after scintigraphy, 1 ml of patent blue dye (Blue Patente 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-rayy detection probe (Neoprobe 1500/2000, Neoprobe Corporation, Dublin, 
Ohio)) to confirm the location of the sentinel node as seen on scintigraphy and to 
indicatee the site of incision. If no sentinel nodes were seen on scintigraphy, the lower 
axillaa was explored. Sites other than the lower axilla were explored only when 
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scintigraphyy revealed sentinel nodes in these basins. Following a small skin incision, 
thee sentinel node was identified and removed after careful dissection of the afferent 
bluee vessel and after confirmation with the probe that the blue node was radioactive. 
Thee sentinel node(s) and, in the case where lymph node dissection followed, 
additionall  lymph nodes were separately submitted for microscopic evaluation which 
includedd step-sectioning, hematoxylin and eosin staining as well as immuno-
histochemistryy using CAM 5.2 (Becton Dickinson, San Jose, CA). 
Statisticall  analysis was performed using the Wilcoxon rank-sum test for continuous 
variabless and the two-tail Fisher's exact test for categorial variables. The difference 
betweenn both groups was concluded to be statistically significant if the P-value was 
lesss or equal to 0.05. The parameters analysed were visualisation rate, uptake 
visualisationn score, count rate of first draining node, number of identified and 
removedd sentinel nodes, and the findings of histopathology. Spearman's correlation 
coefficientt was used to evaluate the correlation between tracer dosage and lymph 
nodee uptake. 

Results s 

Lymphati cc  drainag e and sentine l nod e visualisatio n 

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

Timee of visualisatio n and lymp h channe l depictio n 

InIn 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 
visualisationn rate was 35% (26 patients) with 32% at 30 min, 13% at 2 hours and 4% 
att 4 hours. The number of visualised first-echelon nodes was 106; 95 of these nodes 
weree seen in the axilla. The number of second-echelon lymph nodes was 64, in 53 
casess with axillary location. 
Inn group B, the lymph node visualisation rate at 30 min was 59% (45 patients) and 
duringg the dynamic study 41% (31 patients). Lymph channels were visualised in 40 
patientss (53%), with a rate of 38% at 30 min, 34% at 2 hours, and 26% at 4 hours 
(figuree 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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Lymp hh nod e uptak e 

Forr 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%, 
andd 51% respectively (figure 5). The percentage of patients scoring 1+ was 
significantlyy higher in group A (p<0.001) and in the category 3+ significantly higher 
inn group B (p=0.0001). With respect to lymph node uptake quantification, counts 
weree 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 
20000 counts per node were found in 45% of the cases, between 2000 and 5000 in 19%, 
5000-10,0000 in 9%, and more than 10,000 counts in 27% of the nodes. For group B the 
distributionn was 9%, 21%, 21%, and 49% respectively (figure 6). In the category 
>10,0000 counts the percentage was significantly higher (p<0.001) for group B 
whereass 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 
groupp B but this difference was not significant (p=0.068). 

Figur ee 4. Overview of lymph channel visualisation 
showingg that the overall higher rate of group B 
(optimisedd "Tc-nanocolloid injection,  ) is prin-
cipallyy based on the significant differences with 
groupp A (standard 99mTc-nanocolloid injection, o ) 
att 2 and 4 hours after tracer administration 

300 min 2hr 4 hr Overall (NS=n0t Significant). 

Figur ee 5. Overview of lymph node uptake score 
showingg significant differences in categories 1 + 
andd 3+ between patients receiving standard 
(groupp A,  ) and optimised (group B,  ) MmTc-

oo 1+ 2+ 3+ nanocolloid injections (NS=not significant). 

Figur ee 6. Quantification of counts per first draining 
nodee showing significant differences in categories 
20000 counts or less and 10,000 counts or more 
betweenn patients receiving standard (group A, o ) 
andd optimised (group B,  ) 99mTc-nanocolloid 

0-20000 2000-5000 5000-10,000 >io,ooo injections (NS=not significant). 
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Withh respect to tracer dosage and uptake score, only the correlation coefficient for 
groupp A (0.29) was significantly different from 0 (p=0.01); also the correlation 
betweenn 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. 

Surgicall findings and histopathology 

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

Tablee 2. Results of surgery, histopathology and lymphoscintigraphy. 

Meann age (years) 

Meann net injected dose (MBq) 

Lymphh node visualisation rate 

Lymphh node uptake score 

2+ + 

3+ + 

Countss per lymph node 

5-10,000 0 

>> 10,000 

Totall visualised SNs 

Visualisedd axillary SNs 

Totall visualised second-echelon nodes 

Visualisedd second-echelon axillary lymph nodes 

Lymphh channel visualisation rate 

Surgicall SN identification rate 

Totall removed SNs 

Removedd axillary SNs 

Patientss with SN metastases 

Axillaryy metastases 

Groupp A 

533 (27-83) 

933 (57-130) 

93%% (70/75) 

35%% (26/75) 

25%% (19/75) 

9%% (7/75) 

27%% (20/75) 

106 6 

95 5 

64 4 

53 3 

35%% (26/75) 

97%% (73/75) 

135 5 

125 5 

41%% (31/75) 

39%% (29/75) 

Groupp B 

533 (30-82) 

107(74-139) ) 

99%% (75/76) 

38%% (29/76) 

51%% (39/76) 

21%% (16/76) 

49%% (37/76) 

122 2 

104 4 

119 9 

100 0 

53%% (40/76) 

100%% (76/76) 

153 3 

126 6 

47%% (36/76) 

38%% (29/76) 

P-vaiue e 

NS S 

0.001 1 

NS S 

NS S 

0.001 1 

NS S 

0.001 1 

NS S 

NS S 

0.001 1 

0.001 1 

0.0033 3 

NS S 

NS S 

NS S 

NS S 

NS S 

SN=sentinell node; NS=not significant 



Chapterr VI 

Discussio n n 

Inn this comparative study, a sentinel node visualisation rate of 99% has been reached 
byy optimising the labelling protocol of  99mTc-nanocolloid. By enhancing the particle 
concentrationn and adjusting the tracer dosage without increasing of the injection 
volumee (0.2ml), optimal sentinel lymph node visualisation was observed in almost 
90%% of the patients receiving adjusted tracer injections. Moreover, differences in 
countss per sentinel node were significant and twice as many patients (70% vs. 36%) 
withh 5000 counts per node or more were found in the group receiving optimised 
tracerr injections. In this group, lymphoscintigraphies showing poor or absent lymph 
nodee uptake were less than 10%. Although no significant differences were observed 
withh respect to the number of visualised sentinel nodes, the optimised protocol led 
too the visualisation of more second-echelon lymph nodes. In spite of the 
visualisationn of more second-echelon nodes, the overall increase in uptake in the 
first-drainingg lymph nodes as well as the visualisation of more lymphatic channels 
enabledd us to better distinguish sentinel nodes from second echelon nodes in the 
groupp of patients receiving an optimised tracer dosage. In the group of patients 
receivingg 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 
fromm the injection site to lymph nodes. 

Moree axillary and non-axillary sentinel nodes were visualised in the group with 
optimisedd tracer injection but the difference with the control group was not 
significant.. In both groups the number of visualised sentinel nodes was 
approximatelyy 80% of the removed sentinel nodes. The finding of additional sentinel 
nodess by the surgeon was mostly related to the limitations of scintigraphy to 
visualisee some sentinel nodes separately from other nodes or because a sentinel node 
wass blue and not radioactive. Also important is that no more axillary sentinel nodes 
butt clearly more non-axillary nodes were removed in the group receiving optimised 
tracerr injections (table 2). This was accompanied by an increased percentage of non-
axillaryy sentinel node metastases. 
Inn a previous report, we found that the tracer dosage was a significant factor in the 
sentinell  lymph node visualisation.1 In the present study, together with a adjustment 
off  the tracer dosage, the enhancement of the particle concentration is very likely to 
bee a principal factor of improvement in visualisation of both sentinel node and 
afferentt lymph vessels. Theoretically, at least three aspects may explain this 
improvement:: an enhanced transport from injection site, a more extensive 
distributionn into the sentinel node, and an increased attachment and ingestion in 
macrophages.. By administering more particles there are more possibilities for 
absorptionn through lymph capillaries and preliminary evidence has shown that the 
moree concentrated the injected colloid, the higher the activity extracted at the 
injectionn site.10 Intranodal distribution of the tracer and the occupation of 
reticuloendotheliall  binding sites may become more effective by extending 
macrophagee uptake possibilities into the nodal sinuses. Finally, macrophage 
receptor-mediatedd phagocytosis of colloid particles may be improved by the 
activationn of an increased number of receptors. Also in the case of eventually 
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binding-sitee saturation, it is possible to think that the continuous particle supply 
fromm the injection site can enable ingestion of new particles after regeneration of 
thesee absorbing sites.9 

Ass emphasised in the literature, studies in which sentinel nodes are optimally 
visualisedd contribute to a reduced extent of the surgical exploration.1112 The lack of 
standardisationn together with the learning curve may be largely responsible for wide 
variationss reported from different institutions using the same sentinel procedure.13 

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

Conclusio n n 

Mammaryy lymphoscintigraphy by single intratumoural small-volume injection 
adjustedd for particle concentration and tracer dosage led to optimised visualisation 
off  both axillary and non-axillary lymph nodes in the majority of cases. Marked 
improvementt in sentinel node uptake and lymph vessel visualisation enabled a 
betterr sentinel node identification. 
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