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L ymphaticc mapping indicates the draining regional lymph node basin(s) of 
aa primary tumour, the number of sentinel nodes and their exact location. 
Thee use of a radiolabelled colloid with preoperative lymphoscintigraphy 
andd intraoperative detection with a gamma ray detection probe was added 

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

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

Method s s 

Fromm November 2000 to October 2001, 25 patients with a clinically T1-2N0 breast 
cancerr were prospectively included in this study. Patients with a prior excisional 
biopsyy 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. 
Thee tumour was situated in the upper-outer quadrant in thirteen patients, the lower-
outerr quadrant in two, the upper-inner quadrant in five, the lower-inner quadrant in 
fourr patients and in the central part of the breast in the remaining patient. The 
clinicall  stage was Tl in 19 women and T2 in 6 patients. Informed consent was 
obtainedd from all patients, and the protocol of investigation was approved by the 
Ethicall  Committee. 

Imagin g g 

Thee first lymphoscintigraphy was performed routinely the day before surgery. 
Nanocolloidd (Nanocoll, Amersham Cygne, Eindhoven, the Netherlands) with a 
particlee size less than 80 nm was labeled with 99mTc using a labeling dilution volume 
off  2 ml. The average net administered dose was 131 MBq (range 111 to 156 MBq). 
Thee tracer was injected into the tumour in an average volume of 0.2 ml. Anterior and 
pronee lateral (hanging breast) planar images with an acquisition time of five minutes 
weree obtained after 20 minutes 2 hours and 4 hours post-injection. Simultaneous 
transmissionn 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 
sentinell  node was marked on the skin using a 57Co-pen. 
Onn the day of operation, a five-minute static image was obtained early in the 
morningg as a point of reference for the second injection. Subsequently, the above 
describedd procedure was repeated in an identical fashion by the same investigator. 
Thee mean time between first and second injection of the radiolabelled colloid was 23 
hourss (range 22 to 24 hours). The mean radioactivity dose of the second injection, 
calculatedd 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 
operatingg room schedule resulting in small differences with regard to time interval 
betweenn injection and last image in comparison to the first scintigraphy. 

Dataa interpretatio n and statistica l analysi s 

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

Figur ee 1. Lymphatic drainage 

fromm a tumour (T) in the upper-

innerr quadrant of the right 

breastt to two paramammary 

nodess (Gerota's nodes) and 

internall mammary chain nodes 

ass seen on the first lympho-

scintigraphyy (A) as well as the 

repeatt lymphoscintigraphy (B). 
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Resu l t s s 

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

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

Patient t 

No.. Age 

1 1 

2 2 

3 3 
4 4 

5 5 

6 6 
7 7 

8 8 
9 9 

10 0 
11 1 

12 2 

13 3 
14 4 

15 5 

16 6 
17 7 

18 8 
19 9 

20 0 

21 1 

22 2 

23 3 
24 4 

25 5 

52 2 

56 6 
51 1 

36 6 
41 1 

51 1 

49 9 
66 6 

59 9 
42 2 

52 2 

65 5 

53 3 

67 7 

66 6 

48 8 

48 8 

39 9 
49 9 

79 9 

37 7 

37 7 

51 1 
73 3 

84 4 

Primaryy tumour 

locationn side cT stage 

LIQ Q 

UIQ Q 

UIQ Q 
UOQ Q 

UIQ Q 
UOQ Q 

LOQ Q 

UOQ Q 

UOQ Q 
UOQ Q 

UOQ Q 

UOQ Q 
LIQ Q 

LIQ Q 

UOQ Q 

UOQ Q 

UIQ Q 
LIQ Q 

UOQ Q 

UIQ Q 

UOQ Q 

LOQ Q 

UOQ Q 

UOQ Q 
C C 

R R 

L L 

R R 

L L 
R R 

R R 

L L 
R R 

L L 
R R 

R R 

R R 

L L 

L L 

L L 
L L 

L L 

L L 

R R 

L L 

R R 

R R 

L L 

L L 

L L 

2 2 

2 2 
1 1 

2 2 

Firstt scintigraphy 

dosee (MBq) No. of No. of 

SNss basins 

111 1 

151 1 

156 6 
156 6 

123 3 

126 6 
130 0 

128 8 
111 1 
134 4 

130 0 

125 5 
140 0 

123 3 

118 8 

120 0 
127 7 

134 4 

138 8 

135 5 

131 1 

130 0 
141 1 

115 5 
147 7 

3 3 
1 1 

5 5 
1 1 

2 2 
1 1 

2 2 

3 3 

2 2 
2 2 
1 1 

1 1 

2 2 

1 1 
1 1 

3 3 
4 4 

2 2 

3 3 
1 1 

3 3 
1 1 

1 1 

2 2 

2 2 

2 2 

1 1 
2 2 

1 1 

2 2 
1 1 

2 2 
1 1 

1 1 

1 1 
1 1 

1 1 

1 1 

1 1 

1 1 

3 3 
2 2 

2 2 

1 1 

1 1 

2 2 

1 1 

1 1 

1 1 

1 1 

Secondd scintigraphy 

dosee No. of SNs No. of 

(MBq)) basins 

138 8 
124 4 
147 7 

156 6 
135 5 
129 9 

135 5 
117 7 
134 4 

135 5 
131 1 

130 0 

135 5 
127 7 

139 9 

129 9 

135 5 
137 7 

132 2 

127 7 

151 1 

128 8 

130 0 

119 9 

121 1 

3 3 
1 1 

5 5 
1 1 

2 2 
1 1 

2 2 

3 3 

2 2 
2 2 

1 1 
1 1 

2 2 

1 1 

1 1 

3 3 
4 4 

2 2 

3 3 
1 1 

3 3 
1 1 

1 1 

2 2 

2 2 

2 2 
1 1 

2 2 
1 1 

2 2 
1 1 

2 2 
1 1 

1 1 
1 1 

1 1 

1 1 

1 1 

1 1 
1 1 

3 3 
2 2 

2 2 
1 1 

1 1 

2 2 
1 1 

1 1 

1 1 

t t 

LIQ=lower-innerr quadrant; UIQ=upper-inner quadrant; UOQ=upper-outer quadrant; LOQ=lower-outer quadrant; C=central 

partt of the breast; R=right; L=Left; SN=sentinel node 
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Measurementss could be obtained from 43 hot spots representing 50 sentinel nodes, 
becausee some sentinel nodes were located to close to each other to measure them 
separately.. Al l these 43 hot spots visualised during routine lymphoscintigraphy 
showedd an increase of their radioactivity content after the second radiolabelled 
colloidd injection (figure 3). 

A A 

B B 

C C 

D D 

T T 

E E 

; ; 

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

100000 0 

10000 0 

££ 1000 
c c 
=) ) 
O O 
O O 

Figur ee 3. Count rate of each hot spot (N=43) 
measuredd on five-minute images at three 
pointss of time: late image of first scintigraphy 
(1),, starting-image just before the second 
radiocolloidd injection (2) and late image of 
secondd scintigraphy (3). 
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Thee paired count rates of each hot spot were plotted to determine the variability of 
lymphaticc 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 
weree plotted against their means after logarithmic transformation according to 
Blandd and Altman (figure 5). The mean difference was -0.024 and the standard 
deviationn 0.74 on the log scale. The 95% limits of agreement were -1.48 and 1.43 
usingg these values. The antilogs of these values are 0.23 and 4.17 indicating that 
countt rates of repeat scintigraphy were 23% to 417% of the count rates of the first 
scintigraphyy in 95% of the cases. 

1000000 0 

Q. . 
CO O 100000 0 

10000 0 
o o 
o o 

>. . 
a> > 

33 1000 
o o 
o o 

>r>r  + 

1000 1000 10000 100000 

Countt rate by first scintigraphy 
1000000 0 

Figur ee 4. Scatterplot showing the 
correlationn between the count 
ratess of each sentinel node as 
measuredd at the time of the late 
imagee of the first and second 
lymphoscintigraphyy (Pearson; 
r=0.54,, P<0.001). Count rates are 
correctedd for differences in ad-
ministeredd dose, for differences in 
timee interval between injection and 
latee image and for residual 
radioactivityy that was still present 
duringg the second study. 

oo w 

o o o o 
CD D 

CO O 

55 6 7 8 9 10 11 12 

Averagee log count rate by two scintigraphies 

Figur ee 5. Agreement of sentinel 
nodee count rates by two lympho-
scintigraphiess using the Bland and 
Altmann method after logarithmic 
dataa transformation. The mean 
differencee in log count rate 
betweenn the first and second 
scintigraphyy and the 95% upper 
andd lower confidence limits are 
illustratedd by the dotted lines. 
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Discussio n n 

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

Tabl ee 2. Review of the literature concerning reproducibility of lymphoscintigraphy. 

Firstt Author 

Kapteijn3 3 

Mudun5 5 

Bedrosian6 6 

Wong7 7 

Tonakie8 8 

Rettenbacher9 9 

Roumen10 0 

Presentt study 

Malignancy y 

Melanoma a 

Melanoma a 

Melanoma a 

Melanoma// SCC vulva 

Melanoma a 

Melanoma a 

Breastt Cancer 

Breastt Cancer 

N N 

25 5 

13 3 

4 4 

19 9 

38 8 

100 0 

99 9 

25 5 

Reproducibility y 

888 {70-97) 

85(46-95) ) 

100(40-100) ) 

100(82-100) ) 

844 (70-93) 

844 (77-90) 

78** (67-87) 

100(86-100) ) 

Remarks s 

Identicall technique 

Identicall technique 

Comparisonn of HSA and SC 

Comparisonn of HSA and SC 

Comparisonn of HSA and SC 

Comparisonn of injection close to the primary tumour site 

andd injection at increased distance 

Comparisonn of intraparenchymal and intradermal injection 

Identicall technique 

Numberss between brackets are 95% upper and lower confidence limits; * = Visualisation by both methods in 55 patients: 3 

sequentiall mismatches, 9 regional mismatches; SCC = squamous cell carcinoma; HSA = human serum albumin; SC = sulfur 

colloid d 

Onlyy two investigators performed lymphoscintigraphy twice in an identical fashion 
resultingg in a reproducibility of 85% and 88%.35 Four possible explanations for the 
limitedd reproducibility were considered in melanoma.3 The first explanation for the 
differentt outcome were inevitable small variations in the site of injection and the 
injectedd volume. The former aspect was studied by Rettenbacher and co-workers.9 

Expandingg the injection site-to-tumour distance from 2-5mm to 10mm resulted in an 
increasee of visualisation rate (93% to 100%) and visualisation of additional sentinel 
nodess in 16% of the patients. One may question whether this resulted in a higher 
accuracy.111 The second explanation was related to the characteristics of the tracer 
suchh as particle size. A third explanation consisted of patient related factors like 
previouss exertion, body hydration, and variation in oncotic and hydrostatic pressure 
off  blood, which possibly play a role.12 Finally, the time interval between the two 
scanss could have resulted in discordance. The wound healing process after primary 
excisionn of the melanoma may alter lymphatic drainage patterns. 
Takingg these explanations into account, the high reproducibility of breast cancer 
lymphoscintigraphyy for sentinel node identification in comparison to findings in 
melanomaa could have been predicted. A single intratumoural injection in a volume 
rangingg between 0.18 ml and 0.22 ml may be less liable to variation in comparison to 
fourr 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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byy more dense and compact fibrous tissue after surgical intervention was eliminated. 
Severall  authors concluded that previous excisional biopsy in breast cancer has no 
impactt on the results of lymphatic mapping, but only secondary end-points have 
beenn used in these studies.1314 It would be interesting to compare results of paired 
lymphoscintigraphiess before and after excision of a breast carcinoma. 
Somee investigators have studied the effect of different radiopharmaceuticals on 
lymphoscintigraphy.1516,177 Three investigators evaluated paired scintigraphic studies 
inn melanoma using 99mTc human serum albumin and 99mTc sulfur colloid (table l).7,6-8 

Humann serum albumin is a non-particulate tracer with rapid drainage. Sulfur colloid 
hass a relatively large particle-size and is characterised by slow flow and prolonged 
nodall  retention. Furthermore, it has been reported that sulfur colloid particle size 
increasess after approximately five hours.18 Wong et al. reported no discernible 
differencess in sentinel node localisation between these two tracers and Tonakie et al. 
attributedd a few observed discrepancies to a reduced tracer dose.7-8 The importance 
off  a sufficient tracer dose is in agreement with findings in mammary lymphoscinti-
graphy.19-200 Variation in the composition of the tracer with respect to particle size 
mayy have repercussions for the reproducibility of the procedure although its role 
seemss to be minimal given the results of the previous mentioned studies. The 
particless of  99mTc-nanocolloid as we use are less than 80 nm in size, which meets the 
criteriaa for optimal inert colloids for interstitial lymphoscintigraphy.18 Further 
investigationn of different agents may be needed to exclude unfavourable 
characteristicss that can cause a variable outcome. 

Variabilityy in lymphatic drainage pattern is theoretically one of the explanations for 
false-negativee sentinel node procedures. The 100% concordance for nodal basins, 
numberr of sentinel nodes as well as sentinel node location in the present study 
reducess the likelihood of this explanation despite the fact that intra-individual 
variabilityy in radio-colloid uptake by the sentinel node was quite high. However, 
discrepancyy with the blue dye method occurs rather frequently.21'22-23 This may be 
causedd 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 
nodee without the need of being phagocytosed by that lymph node. Different 
physicianss usually perform injection of the radiolabelled colloid and blue dye 
resultingg in differences of injection technique. The injected volume of blue dye is 
oftenn 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 
aa sentinel node is completely taken up by a metastasis prohibiting the inflow and 
uptakee of tracers.24-25-26 

Conclusion s s 

Accuracyy of lymphatic mapping is of utmost importance now that axillary node 
dissectionn is omitted in sentinel-node-negative breast cancer patients. The need was 
feltt to learn more about the accuracy of lymphoscintigraphy, one of the corner stones 
off  lymphatic mapping. The current study shows that lymphoscintigraphy was 
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reproduciblee in assessing axillary and non-axillary drainage in all 25 patients by 
usingg intralesional tracer administration. The variability of lymphatic drainage is an 
unlikelyy explanation for false-negative sentinel node procedures but more study is 
neededd to confirm this. 
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