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IInitiall  publications about lymphatic mapping in breast cancer in the early 
1990'ss revealed an important development, resulting in the world-wide 
applicationn of this new staging procedure. The primary goal was to determine 
thee predictive value of the first draining lymph node for the status of the other 

lymphh nodes in the lymphatic basin.1 Numerous investigators reported their 
identificationn rate and sensitivity during this validation process.2 Although 
randomisedd trials comparing sentinel node biopsy and complete axillary lymph 
nodee dissection are still in progress, many surgeons have already decided to omit 
axillaryy clearance in sentinel node-negative patients. The first reports about long-
termm follow-up in such patients are promising.34 

Thee focus of attention is shifting to optimisation of the technique. A combined 
techniquee using a radioactive tracer and blue dye has been shown to be preferable to 
thee use of a single agent.5 The optimal particle size, tracer dosage and injection 
volumee are still unknown. Other subjects of debate are patient eligibility criteria, 
injectionn site of the tracer and the value of preoperative lymphoscintigraphy. The 
last-mentionedd is considered to be essential in our institute. Besides the fact that 
lymphoscintigraphyy is helpful to indicate the location and number of sentinel nodes 
inn the axilla and to discriminate first-tier from second-tier nodes, it is indispensable 
forr the detection of extra-axillary sentinel nodes.6 However, lymphoscintigraphy is 
onlyy of value in patients with accumulation of radioactivity in a lymph node. The 
purposee of this study was to analyse the occurrence of non-visualisation of sentinel 
nodess on lymphoscintigrams in patients with breast cancer. In addition, methods to 
visualisee the sentinel node in a second attempt were evaluated and variables 
associatedd with unsuccessful imaging were determined. 

Materialss and methods 

Fromm January 1997 to April 2001, 501 sentinel node procedures were performed in 
4955 patients with a clinically T1-3N0 breast cancer (six bilateral tumours). Patients 
weree given a serial patient number in chronological order. Physicians from the 
Departmentss of Nuclear Medicine and Surgery started from scratch in 1997, 
althoughh by that time experience had been gained with lymphatic mapping in 150 
melanomaa patients. A preoperative diagnosis was obtained by physical examination, 
mammography,, ultrasonography and fine needle aspiration cytology or core biopsy. 
Thee mean age of the patients was 56 years (range 27 to 91 years). The tumour was 
situatedd in the upper-outer quadrant in 251 patients, the lower-outer quadrant in 60, 
thee upper-inner quadrant in 114, the lower-inner quadrant in 30, and in the central 
partt of the breast in 46 patients. Patients with a prior excisional biopsy were 
excluded.. The primary tumour was palpable in 425 patients and clinically occult in 
76.. The mean tumour diameter as measured by the pathologist was 1.9 cm (range 0.3 
too 8.0 cm). The pathological stage was carinoma in situ in eleven patients, Tl in 328 
women,, T2 in 159 and T3 in three patients. Invasive cancers included ductal 
carcinomaa in 408 women, lobular carcinoma in 50, and various other types in 32 
patients.. Routine confirmatory axillary lymph node dissection was omitted after the 
82ndd procedure. Complete axillary lymphadenectomy was performed in sentinel 
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node-positivee patients and in the event of non-identification of a sentinel node, 
unlesss radiotherapy to the axilla was given. 
Thee day before surgery, lymphoscintigraphy was performed after intra tumoural 
injectionn of nanocolloid (Amersham Cygne, Eindhoven, the Netherlands) labelled 
withh 99mTc (average net dose 102 MBq, range 42 to 159 MBq) in a volume of 0.2 ml. 
Thee dose was systematically increased after the 112th patient from a mean dose of 62 
MBqq (standard deviation 10 MBq) to a mean dose of 113 MBq (standard deviation 19 
MBq).. A standard labelling dilution volume of 4 ml was used in the first 183 
proceduress and a labelling dilution volume of 2 ml was used in the next 318 
procedures.77 Injection of the radiolabelled colloid was guided by ultrasound or 
stereotaxiss in non-palpable tumours. Immediately after injection, simultaneous 
anteriorr and supine lateral dynamic lymphoscintigraphy (20 seconds images) was 
performedd during 10 to 20 minutes in the first 375 procedures. Images were obtained 
usingg a dual-head gamma camera (ADAC, Milpitas, CA) with low energy high-
resolutionn collimators. In all study patients, five-minute anterior and prone lateral 
(hangingg breast) planar images were obtained after 20 minutes and 4 hours after 
injectionn with simultaneous transmission scanning using a 57Co flood source. A two-
hourr image was routinely added after the 152nd procedure. A hot spot was 
consideredd to be a sentinel node if an afferent lymphatic channel was visualised, if 
thee hot spot was the first one seen in a sequential pattern, if the hot spot was the only 
onee in a particular lymph node basin or when a combination of criteria was present. 
Thee location of the sentinel node was marked on the skin using a 57Co-pen. 
Shortlyy before surgery, 1.0 ml of patent blue dye (Blue Patente V, Laboratoire 
Guerbet,, Aulnay-sous-Bois, France) was injected into the tumour. In non-palpable 
breastt carcinomas, the blue dye was administered through a catheter placed over a 
localisationn wire and positioned in the centre of the tumour using ultrasound or 
stereotaxis.. The injection site was massaged. The sentinel node was identified and 
harvestedd after careful dissection of blue lymphatic vessels and detection of 
radioactivityy with a gamma ray detection probe (Neoprobe 1500 and 2000, Johnson 
&&  Johnson Medical, Hamburg, Germany). Histopathological assessment of the 
sentinell  nodes included serial sectioning at six levels and immunohistochemical 
stainingg using CAM 5.2 (Becton Dickinson, San Jose, CA, USA). 
Univariatee analyses using the two-sample t -test and chi-square test were performed 
too compare data of patients with visualisation of hot spots on the lymphoscinti-
graphyy and data of those without visualisation. Logistic regression was used to 
identifyy predictors and causative factors of non-visualisation. In a first analysis using 
backwardd elimination, only variables potentially known at the time of lymphoscinti-
graphyy were included, i.e., serial patient number, age, radioactivity dose, colloid 
concentration,, location of the tumour, its diameter and clinical presentation (occult 
orr palpable). Pathological characteristics were added in a second model to identify 
additionall  causative factors. These variables included histological tumour grade, 
lymphh node status and total number of tumour-positive lymph nodes. Lymph node 
statuss was based on either the sentinel node status or the axillary status to reduce 
missingg values. The sentinel node status was missing in patients without 
identificationn of a sentinel node. The axillary status was missing in patients in whom 
non-identificationn of an axillary sentinel node was not followed by axillary 
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clearance.. In some of these patients, identification of an extra-axillary sentinel node 
obviatedd the need for axillary lymph node dissection and in the other patients 
radiotherapyy was given to the axilla. In both analyses, interval variables were used 
ass such, that is, no cut-off points were used to define categories for these variables. 
However,, linearity of the variables remaining in the last step was tested by adding 
dummyy variables indicating predefined categories. Odds ratios were used to 
quantifyy strength of association. Analyses were performed with Statistical Package 
forr the Social Sciences software (SPSS, Chicago, Illinois, USA). 

Results s 

Tablee 1. Sentinel node visualisation on preoperative 
lymphoscintigraphyy (N = 501). 

Routinee lymphoscintigraphy visua-
lisedd at least one sentinel node in 449 
off  501 procedures (90%; table 1). A 
sentinell  node was located in the 
axillaa in 318 patients (71%), outside 
thee axilla in 21 (5%) and in both the 
axillaa and non-axillary basins in 110 
patientss (24%). In nineteen of 52 
patientss whose sentinel nodes failed 
too show, delayed imaging (median 8 
hourss post-injection, range 5 to 23 
hours)) without re-injection was 
performed.. An axillary hot spot was 

depictedd in four of these patients (21%) at 6, 8,18 and 19 hours after injection. Eleven 
patientss received a repeat injection of the radiolabelled colloid (average net dose 116 
MBq,, range 95 to 137 MBq) after the 4-hour image. In six of them (55%), an axillary 
sentinell  node was visualised after all. The difference in visualisation rate between 
delayedd imaging with versus delayed imaging without repeated injection (55% 
versuss 21%) did not reach statistical significance (Fisher exact, P=0.108). Delayed 
imagingg or re-injection was not performed in 22 of 52 patients in whom no sentinel 
nodee was visualised. Thus, the overall visualisation rate was 92% (Table 1). This 
visualisationn rate increased during the study period (Figure 1). 

Initiall visualisation 

Initiall non-visualisation 

Visualisationn on late images 

Non-visualisationn on late images 

Visualisationn after repeat injection 

Non-visualisationn after repeat injection 

Noo further study 

Overalll visualisation 

Overalll non-visualisation 

4499 (90%) 

52(10%) ) 

4 4 

15 5 

6 6 

5 5 

22 2 

4599 (92%) 

422 (8%) 

o o 

100 0 

90 0 

80 0 

70 0 

60 0 

50 0 

40 0 

30 0 

20 0 

10 0 

11 2 

Figuree 1. Overall visualisation 
ratee of lymphoscintigraphy in 
eightt consecutive groups of 
patients. . 
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Sentinell  nodes visualised on delayed images or after re-injection were surgically 
identifiedd in all ten patients. In the remaining 42 with unsuccessful imaging, the 
axillaa was explored using blue dye and a gamma ray detection probe. A sentinel 
nodee was retrieved in 24 of these patients (57%), either in the axilla (n=22), or 
betweenn the pectoral muscles (n=l) or medial in the breast parenchyma during 
mastectomyy (n=l). A total number of 28 sentinel nodes were excised in these 24 
patients.. Three nodes (11%) were only radioactive, eighteen were only blue (64%) 
andd seven were both blue and radioactive (25%). The radioactive sentinel nodes that 
weree not visualised on the scintigraphy could be detected with the gamma ray 
detectionn probe through the intact skin in only one of ten cases. In one of the patients 
whoo underwent complete axillary lymph node dissection because the sentinel node 
wass not found, a radioactive lymph node was harvested when the specimen was 
examinedd with the probe ex vivo. Eventually, a sentinel node was found in 34 of 52 
patientss (65%) without visualisation on routine lymphoscintigraphy. The sentinel 
nodee was tumour-positive in 17 of these patients (50%). Al l tumour-positive sentinel 
nodess were located in the axilla except for one that was situated between the 
pectorall  muscles. Tumour-positive sentinel nodes were only radioactive in 11%, only 
bluee in 53% and both blue and radioactive in 36%. In eighteen patients, sentinel node 
biopsyy failed after non-visualisation. Of these patients, fourteen underwent complete 
axillaryy clearance, which revealed metastasis in six of them (43%), and four patients 
receivedd radiotherapy to the axilla. 

Tablee 2. Characteristics of patients with and patients without visualisation of a sentinel node on routine 

lymphoscinti-graphy.. Means (standard deviation) or number of procedures (percentage) are given. 

Seriall patient number 

Agee (years) 

Tumourr characteristics 

Diameterr (cm) 

Gradee III 

Mediall location 

Mediall or central location 

Locationn outside upper-outer quadrant 

Palpablee lesion 

Tracerr characteristics 

Tracerr dose (MBq) 

Increasedd colloid concentration 

Intraoperativee identification of the sentinel node 

Lymphh node status 

Tumour-positivee sentinel node 

Tumour-positivee axilla 

Tumour-positivee lymph node * 

Numberr of tumour-positive lymph nodes 

Visualisation n 

(n=449) ) 

2566 (SD142) 

555 (SD 12) 

1.888 (SD 0.95) 

105/414(25%) ) 

126/449(28%) ) 

169/449(38%) ) 

226/4499 (50%) 

382/4499 (85%) 

104(SD27) ) 

293/4499 (65%) 

446/4499 (99%) 

169/4466 (38%) 

164/4400 (37%) 

175/4499 (39%) 

0.99 (SD 2.0) 

Non-visualisation n 

(n=52) ) 

2066 (SD 159) 

633 (SD 13) 

1.800 (SD 0.90) 

15/48(31%) ) 

18/52(35%) ) 

21/52(40%) ) 

25/522 (48%) 

43/522 (83%) 

86(SD30) ) 

25/522 (48%) 

34/522 (65%) 

17/34(50%) ) 

23/499 (48%) 

24/499 (49%) 

2.00 (SD 3.6) 

P-value e 

0.018* * 

<< 0.001 * 

0.55* * 

0.381 1 

0.331 1 

0.70t t 

0.76t t 

0.651 1 

<< 0.001* 

0.0151 1 

<0.0011 1 

0.171 1 

0.191 1 

0.181 1 

0.002* * 

SD=Standardd deviation; *=Student's t-test; t=Chi-squared test; $=Compound variable based on either the sentinel node 

statuss or the result of complete axillary lymph node dissection. 
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Noo regional recurrences were seen in the non-visualisation group after a median 
follow-upp of 19 months (range 3 to 49 months). Two patients with a sentinel node 
metastasiss and one patient with a tumour-negative sentinel node developed distant 
metastasess after 6,36 and 11 months, respectively. 
Thee visualisation group and non-visualisation group were compared with respect to 
patient,, tumour, tracer and lymph node characteristics (table 2). In univariate 
analysis,, a statistical significant difference (P < 0.05) was observed for the serial 
patientt number (P=0.018), age (P < 0.001), tracer dose (P < 0.001), colloid 
concentrationn (P = 0.015), intraoperative identification rate (P < 0.001) and the 
numberr of tumour-positive lymph nodes (P = 0.002). Independent predictors of non-
visualisationn in the first logistic regression model were patient age (P < 0.001) and 
tracerr dose (P < 0.001; table 3). In the second regression model, the total number of 
tumour-positivee nodes remained in the last step (P=0.013), together with patient age 
andd tracer dose (table 4). Adding dummy variables did not provide additional 
informationn and therefore linearity was not rejected for the variables age (P - 0.72), 
tracerr dose (P = 0.62) and total number of tumour-positive lymph nodes (P = 0.93). 
Thee following calculations can be made using the odds ratios of these variables (table 
4).. A 46 year old patient has a 2.5% higher risk of non-visualisation than a 36 year 
oldd patient. For a 76 year old patient compared to a 66 year old patient, this 
additionall  risk is 11.6%. An increase in tracer dose from 62 to 72 MBq results in a 
reductionn in the non-visualisation rate of 5.6% and a reduction of 1.9% occurs 
followingg an increase in radioactivity from 112 to 122 MBq. A patient with one 
tumour-positivee lymph node has a 1.3% higher risk of non-visualisation than a 
patientt without lymph node metastasis. This increased risk is 2.4% if five lymph 
nodess are involved compared with four lymph node metastases. 

Tablee 3. Logistic regression analysis of the occurrence of sentinel node visualisation on routine lymphoscinti-
graphy,, including only variables potentially known at the time of imaging. Final result after backward stepwise 
eliminationn (variable elimination with cut-off point of P > 0.10). 

Variablee (N=491) Parameter estimate P-value Odds ratio 
(SE)) (95% CI) 

Agee 0.064(0.013) < 0.001 1.066(1.038-1.094) 

Radioactivityy dose -0.029 (0.006) < 0.001 0.97 (0.96-0.98) 

SE=Standardd error; CI=Confidence interval 

Tablee 4. Logistic regression analysis of the occurrence of sentinel node visualisation on routine lymphoscinti-
graphy,, including all variables potentially associated with visualisation. Finai result after backward stepwise 
eliminationn (variable elimination with cut-off point of P > 0.10). 

Variablee (N=427) 

Age e 

Radioactivityy dose 

Totall number of tumour-positive nodes 

SE=Standardd error; CI=Confidence interval 

Parameterr estimate 

(SE) ) 

0.066(0.015) ) 

-0.0300 (0.007) 

0.15(0.062) ) 

P-value e 

<< 0.001 

<< 0.001 

0.013 3 

Oddss ratio 

(95%% CI) 

1.068(1.037-1.099) ) 

0.977 (0.96-0.98) 

1.17(1.033-1.32) ) 
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Discussion n 

Thiss study shows that visualisation of a sentinel node on preoperative 
lymphoscintigraphyy is a strong predictor for its intraoperative identification (table 
2).. Hil l et al. found that only a positive lymphoscintigraphy result is significantly 
associatedd with successful surgical identification of a sentinel node.8 These 
observationss initiated our attempts to persevere when a sentinel node is not 
visualisedd initially . The use of a two-day procedure enabled this approach. Delayed 
imagingg more than four hours after injection was of additional value in 21 % of the 
patientss with non-visualisation on routine lymphoscintigraphy. More recently, we 
introducedd a repeat injection of  99mTc-nanocolloid at the same site and with the same 
radioactivityy dose followed by scintigraphy a few hours later. This resulted in 
sentinell  node visualisation in six out of eleven patients. These data suggest that 
scintigraphyy after more than four hours is more successful if combined with a repeat 
injectionn of the radio-labelled colloid, although we cannot rule out the possibility 
thatt the sentinel nodes would have been visible without re-injection. Other 
investigatorss have explored various ways to stimulate lymph flow. Post-injection 
massagee significantly improves the uptake of blue dye and may also aid in the 
uptakee of the radiopharmaceutical by the sentinel node.9 Moffat et al. injected 40 ml 
off  saline solution around the tumour when lymphatic mapping with the gamma-ray 
detectionn probe was unsuccessful.10 However, the influence of the injected volume 
onn lymph flow and the pressure equilibrium in the lymphatics is not clear.11 Krausz 
andd co-workers visualised a sentinel node in only 72% with a 4 ml injection and they 
suggestedd that the large volume probably inhibited flow instead of increasing it.12 

Thee small volume in our study (0.2 ml) was chosen to restrict disturbance to the 
normall  physiology to a minimum. 

Explorationn of the axilla after injection of blue dye revealed a sentinel node in 24 of 
thee 42 patients in whom no sentinel node was visualised. These sentinel nodes were 
onlyy blue in 64%. This confirms that the vital dye should be considered an essential 
elementt of lymphatic mapping. Byrd and associates identified a sentinel node during 
surgeryy in 21 of 47 patients who were unsuccessfully imaged by lymphoscinti-
graphy.133 The sentinel node was blue and radioactive in nine of these patients, only 
bluee in ten and only radioactive in two patients, which is comparable to the findings 
inn the present study. In a Swedish multicentre study, scintigraphy failed to identify a 
sentinell  node in 18% of 498 patients.14 A sentinel node could be detected by the 
intraoperativee use of a probe in 39% of the patients in this subgroup. These findings 
illustratee the existence of a detection level for lymphoscintigraphy. The limited 
discriminatingg power of lymphoscintigraphy is the most frequent reason for 
discrepanciess with surgical findings.15 Characteristics of the collimator and the 
distancee between the gamma camera and the patient may contribute to this technical 
problem.. The finding that some sentinel nodes were blue but not radioactive may be 
explainedd by replacement of nodal phagocytes by tumour, by differences in 
physiologicall  behaviour between the two tracers and by variability in lymphatic 
flow. . 

Thee effect of different injection sites on the visualisation rate could not be analysed 
inn this study, because intratumoural tracer injection was performed in all patients. 
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Otherr investigators found a higher percentage of visualised hot spots when the 
tracerr was administered superficially in the dense lymphatic network of the skin or 
inn the subcutaneous tissue overlying the tumour. Mateos et al. found a visualisation 
ratee of 100% (36 of 36) using subdermal injection compared to 89% (39 of 44) after 
peritumourall  injection.16 Linehan et al. compared intraparenchymal and intradermal 
administrationn of  99mTc-sulphur colloid in two groups of 100 patients each.17 They 
observedd no statistically significant difference in visualisation rate on preoperative 
lymphoscintigraphyy 50 to 60 minutes after injection (48% versus 54%), but a 
significantt difference in surgical identification rate was observed using the gamma-
rayy detection probe (78% versus 97%). This was confirmed in a large multi-
institutionall  study involving 2206 patients.18 The intraoperative identification rates 
inn this last study using peritumoural, subdermal and intadermal injection were 90%, 
95%% and 98%, respectively. Although identification of a node is facilitated by a more 
superficiall  injection technique, this may be at the expense of showing all nodes at a 
directt drainage pathway from the primary tumour.11 Different radiotracers may also 
influencee the visualisation rate.19"21 

Inn our univariate analysis, a high serial patient number, a larger tracer dose, a high 
colloidd concentration, a younger age, and a smaller number of tumour-positive 
lymphh nodes were parameters associated with visualisation. The lower mean serial 
numberr in the non-visualisation group suggests the existence of a learning curve 
(Figuree 1). However, inter-variable correlation exists between the first three 
variables,, because a low radioactivity dose and a low colloid concentration were 
usedd at the beginning of the study period. Multivariate analyses identified patient 
agee and tracer dose as independent predictive factors of visualisation, thereby 
confirmingg our previous observations in the first 150 patients of the study 
population.222 In addition, the total number of tumour-positive lymph nodes 
independentlyy affected the visualisation rate. The difference in the percentage of 
patientss with lymph node metastasis among the two groups was not statistically 
significant.. These findings suggest that it is not the presence or absence of lymph 
nodee metastases that is related to sentinel node visualisation, but rather the amount 
off  tumour in the lymphatic basin. A higher tumour load may increase the risk of 
blockagee of lymphatic vessels or lymph nodes, which hampers transport and uptake 
off  the radioactive tracer.23 

AA study of 74 patients that looked at non-visualisation has recently been published.12 

AA high tumour grade was associated with an increased risk of non-visualisation in 
univariatee analysis. Multivariate analysis disclosed no independent relation with 
patientt age, tumour characteristics (size, site, histology, grade), prior excision biopsy 
orr time interval to surgery in this relatively small number of patients. In another 
study,, patient age and the number of tumour-positive lymph nodes differed 
significantlyy between 99 patients with visualised sentinel nodes and 37 with non-
visualisedd sentinel nodes.24 Surprisingly, the percentage of sentinel node metastasis 
wass lower in the non-visualisation group. Dupont et al. analysed the radio-colloid 
uptakee by sentinel lymph nodes in 1356 breast cancer patients and found the count 
ratee to be inversely proportional to age.25 The odds of lymphatic mapping failure 
increasedd by 2% for each year of age. A difference in visualisation rate between 
glandularyy breasts and fatty breasts (96% versus 71%) has been documented.26 
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Becausee fatty breasts are typically found in postmenopausal women, this 
observationn may explain the relation between visualisation and patient age. 
InIn parallel to scintigraphy studies, the likelihood of intraoperative sentinel node 
identificationn decreases with increasing patient age.527"29 In analogy to our finding of 
ann association between the number of involved nodes and visualisation, Guenther 
hass also tried to find support for the hypothesis of rumour blockage as an 
explanationn for unsuccessful sentinel node identification.23 In univariate analysis, he 
foundd a relation between the intraoperative identification rate and the presence of 
extranodall  invasion or complete nodal replacement. Comparable to the relation 
betweenn visualisation and radioactive dose found in the present study, Krag et al. 
showedd that the amount of radioactivity (< 37 MBq vs. > 37 MBq) is associated with 
technicall  success in finding a radioactive node.30 In contrast to visualisation on 
lymphoscintigraphy,, some studies have shown that surgical identification of the 
sentinell  node is less successful in patients with medial hemisphere primary 
tumours.17'23'277 A number of investigators have studied the impact of prior excisional 
biopsyy on the identification rate.8-23'24-27-38 Five of fifteen breast cancer studies found a 
higherr percentage of unsuccessful sentinel node biopsy after previous tumour 
excisionn than after fine-needle aspiration cytology or core biopsy. Other factors 
shownn to be associated with sentinel node biopsy failure are the surgeon's 
experience,, body mass index, breast size, clinical axillary status, type of 
radiopharmaceutical,, injection volume, tumour size and time between injection of 
radiocolloidd and surgery.23'29"31'37'39'40 

Conclusions s 

Routinee preoperative lymphoscintigraphy after intratumoural injection of  99mTc-
nanocolloidd resulted in a visualisation rate of 90%. Delayed imaging more than four 
hourss after injection increases the visualisation rate and appears to be even more 
successfull  if combined with re-injection of the radioactive tracer. Independent 
factorss associated with non-visualisation are age of the patient, tracer dose and total 
numberr of tumour-positive lymph nodes. We, therefore, recommend a sufficient 
amountt of radioactivity (at least 100 MBq), particularly in elderly women. Even if no 
sentinell  node is visualised at all, it is worthwhile to explore the axilla. A sentinel 
nodee is found in more than half of these patients. If a sentinel node is not found, 
axillaryy lymph node dissection is recommended. 
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