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Abstract
Background: Sentinel lymph node biopsy has become a 
standard of care in the treatment of patients with early breast 
cancer, but clinical guidelines continue to be vague on de-
tails of the procedure. We were interested in the results of 
our 2-day protocol, which includes delayed lymphoscintig-
raphy at 18 h. Methods: We reviewed the results of preop-
erative lymphoscintigrams in patients undergoing surgery 
for breast cancer. Lymphoscintigraphy was performed 2 h 
after periareolar injection of 4 × 37 MBq 99mTc nanocolloid 
(early lymphoscintigraphy) and 18 h following injection (de-
layed lymphoscintigraphy). The early results were compared 
with the late results. Results: A total of 238 lymphoscintigra-
phies were performed in 232 patients (6 bilateral). At 2 h, ≥1 
sentinel nodes were visualized in 154/238 (65%) cases; in 84 
(35%), no sentinel node was visualized. Delayed lymphoscin-
tigraphy visualized a sentinel node in 40 of 76 (53%) cases 
with no visualization at 2 h and failed to show a sentinel node 
in 36 (47%) of these cases (in 8 cases, no delayed lymphos-
cintigram was obtained). Conclusions: Delayed lymphoscin-
tigraphy was useful in about 50% of the breast cancer pa-
tients in whom immediate scintigraphy failed to demon-
strate a sentinel lymph node. © 2019 S. Karger AG, Basel

Introduction

Sentinel lymph node biopsy (SNB) has been a standard 
of care in the management of early breast cancer since 
supplanting routine axillary dissection in the late 1990s 
[1–7]. Mapping of sentinel lymph nodes (SLNs) in breast 
cancer is successful in nearly 95% of cases [8]. Numerous 
clinical guidelines on the management of breast cancer 
address technical aspects such as the technique or the lo-
cation of the application or the type of tracer [1, 9–15]. 
Nonetheless, even recent versions of guidelines are con-
sistently vague on the timing of lymphoscintigraphy and 
on whether repeat or late scintigrams should be obtained 
[1–3, 5, 6, 15, 16].

In 2000, our institution established a 2-day protocol 
for SNB in patients with breast cancer which included a 
delayed lymphoscintigram at 18 h following injection. 
The objective of the present study was to review the re-
sults of early and delayed lymphoscintigrams and spe-
cifically to analyze whether the late images provided clin-
ically relevant information.

Materials and Methods

We reviewed the lymphoscintigrams of all 232 women under-
going SNB for breast cancer at our institution between October 
2013 and September 2015 (male patients were excluded). Six pa-
tients had bilateral SNB, leading to a total of 238 scintigrams.

Our unit has followed a protocol with early and delayed planar 
images for SLN detection in early breast cancer since 2000. Ac-
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cording to the protocol, the tracer (4 × 37 MBq 99mTc nanocolloid) 
is injected subcutaneously periareolarly on the afternoon before 
surgery. Planar static images in the anterior and lateral perspec-
tives are then obtained 2 h following the injection (p.i.). On the 
following day in the morning, at about 18 h p.i., delayed images are 
obtained. SPECT-CT has been done since 2011 in most cases.

Patients are operated on the morning after tracer injection. In-
traoperatively SLNs are identified with a gamma probe. In cases 
where scintigraphy failed to identify an SLN, blue dye is injected 
additionally.

We reviewed patient records for stage of the disease, previous 
breast surgery, previous (neoadjuvant) chemotherapy, neoadju-
vant antihormonal therapy, and breast biopsy within 7 days of 
scintigraphy. We reviewed the scans to identify how many nodes 
were seen early and how many were seen late to address the issue 
whether the late scan provided additional information.

The study protocol was approved by the institutional Ethics 
Committee; written informed consent was waived because of the 
retrospective study design.

Results

We analyzed 238 scans in 232 patients (6 women had 
bilateral SNB). Patient data and clinical and pathological 
data are summarized in Table 1.

SLN Detection Rate at Scintigraphy
Five early scintigrams (2%) were no longer available 

for review. SLNs were seen in the early readings in 149 of 
238 scintigrams, for an early detection rate of 63%. Of in-
terest are the 84 scintigrams in which the early reading 
showed no sentinel node (SN). 76 of these patients had 

late scintigrams, 40 (53%) of which showed a node. Thus, 
the overall scinitgraphic detection rate was 81% (Fig. 1).

In 124/204 cases (61%), early and late lymphoscintig-
raphy showed the same number of SNs. In 67/204 cases 
(33%), delayed images showed more lymph nodes than 
the early images (Fig. 2). In 13/204 cases (6%), the early 
images showed more SNs than the delayed images.

SLN Detection Rate at Surgery
SLNs were found at surgery in all 193 patients with 

positive early or late scintigraphy. This leaves 45 negative 
scintigraphies (36 cases with no visualization at early and 
late scintigraphy, 8 cases with no visualization in early 
scintigraphy and no late scintigraphy, and 1 case with late 
scintigraphy only). In 33 of these 45 cases (73%), blue dye 
was injected before the incision to visualize the SLN. This 
procedure led to the detection of SNs in 31 (69%) of the 
45 axillae with negative scintigraphy. In 12 cases, preop-
erative lymphoscintigraphy showed no SNs and blue dye 
was not injected. 6 of these cases had nodes detected with 
intraoperative scintigraphy and 6 underwent axillary dis-
section. Altogether, with the combination of lymphoscin-
tigraphy and facultative blue dye, the overall detection 
rate for SNs at the time of surgery was 94% (224 of 238 
axillae).

Patients after Neoadjuvant Chemotherapy
Twenty-seven patients had received neoadjuvant che-

motherapy before surgery. 24 (89%) of these patients had 
both early and delayed scans. 18 of the 24 early scans 
(75%) showed an SN; the delayed image showed an SN in 
1 of the 6 remaining cases (16%). In 2 of the 5 cases which 
remained negative at 18 h, blue dye was injected and vi-
sualized an SN in both cases. 3 of 27 patients only had 
early images, all of which showed SNs. The overall detec-
tion rate after neoadjuvant chemotherapy was 23/27 
(85%).

Discussion

Considering the consistency with which guidelines 
recommend SNB as the standard of care for many pa-
tients with early breast cancer, and considering that this 
is by far the most common cancer in women, the lack of 
clarity of the guidelines on technical details is surprising. 
Even very recent updates of widely used German [2], 
ASCO [4] and NCCN [3] guidelines provide little if any 
guidance on technique, tracers or timing. In our study, we 
used 4 × 37 MBq 99mTc nanocolloid, which we applied in 
a subcutaneous fashion around the areola. 99mTc is a rath-
er small colloid which is quickly transported to the nodes 
but remains in the nodes long enough to permit a delayed 
image after 18 h [1, 16]. The dosage of 148 MBq is consis-

Table 1. Patient demographics (n = 232) and tumor characteristics 
of the overall study cohort

Mean age, years (range) 60.1 (24–89)
Tumor, n (%)

Right side 124 (52)
Left side 114 (48)

pT stage, n (%) (n = 197)
pT0 1 (0.5)
pTis, DCIS 20 (10)
pT1 2 (1)
pT1a 16 (8.1)
pT1b 54 (27)
pT1c 76 (39)
pT2 26 (13)
pT2c 1 (0.5)
pT3 1 (0.5)

yT stage, n (%) (n = 41)
yT0 13 (32)
yTis, DCIS 6 (15)
yT1 1 (2.4)
yT1a 5 (12)
yT1b 4 (10)
yT1c 8 (20)
yT2 4 (10)
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tent with guidelines [16]. Because of the sufficiently high 
amount of activity, we were able to ensure an enrichment 
of the tracer in the delayed planar images performed 18 h 
p.i. and also in the SPECT-CT. 

Guidelines are vague on the timing of lymphoscintig-
raphy [1–3, 5, 6, 16]. Either the possibility of performing 
an early and a delayed image is left open [1, 6] or there is 
nothing at all on the specific time of the lymphoscintig-

raphy [2, 5]. Neither the NCCN breast cancer guidelines 
[5] nor the German breast cancer guidelines [2] provide 
detail on the question of when lymphoscintigraphy im-
ages should be performed and when a delayed image is 
necessary. The 2014 interdisciplinary guidelines of the 
German Society of Nuclear Medicine are the most spe-
cific on the timing of lymphoscintigraphy in breast cancer 
[6]. These guidelines stipulate an early image with the 

238 
Lymphoscintigrams

Early image 
≥1 SN 

n = 149 (63%)

Delayed image: 
additional nodes 

seen  
n = 27

Delayed image: 
No additional 
nodes seen

n = 88

No delayed image 
performed

n = 21

Delayed image: 
fewer nodes seen

n = 13

Early images 
unavailable
n = 5 (2%)

No SN in the early 
image

n = 84 (35%)

Delayed image:
Node seen

n = 40

No delayed image 
performed

n = 8

Delayed image
No nodes seen

n = 36

Fig. 1. Flowchart of 238 scintigrams in 232 patients.

Fig. 2. Early and delayed lymphoscintigra-
phy pictures showing no SLN in the early 
images and one obvious SLN in the delayed 
images.
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possibility of a delayed image up to 24 h p.i. Furthermore, 
in case of nonvisualization after 1 h p.i., they suggest a 
5-min massage of the injection site or warming the breast. 
If this is not successful, the German nuclear medicine 
guidelines recommend a subdermal or subareolar rein-
jection [6]. Interestingly, the recent German AGO Guide-
lines [17] are now ambivalent (“+/–”) for the need for 
preoperative lymphoscintigraphy at all.

The results of our study suggest that delayed images  
18 h p.i. are able to show an SLN in 52% of cases where 
the early images were negative. This represents actionable 
additional clinical information. This may be due to the 
dose of the tracer, which was high enough [17], and also 
to the subcutaneous application of the tracer [18]. With 
subcutaneous application, the tracer has a more moderate 
transit time than with intradermal application.

Our early scintigraphic detection rate of 63% is mod-
est. Other studies report early detection rates of 41–65% 
[19], 68% [20], 73% [15], 91% [21], 93% [22], and 98% 
[23]. At our unit, only clearly visible lymph nodes are de-
fined as SLN in the early pictures. Enrichments which are 
low in contrast are normally read as negative, in the 
knowledge that there will be a later reading. Also, we do 
not massage or apply heat to the breast after injecting the 
tracer. Our overall detection rate including the delayed 
images was 81%, which is similar to the rates reported by 
others: 96% [15], 98% [21], 96% [23], 88% [22], 72% [20], 
and 82% [19].

Recent studies comparing 1-day and 2-day protocols 
continue to be ambivalent. Mount et al. [24] found a 
2-day protocol to be “reliable” compared with a 1-day 
protocol. In contrast, Unkart et al. [25] found similar out-
comes between 1-day and 2-day protocols. It is likely that 
local logistical issues and infrastructure influence prac-
tice.

In summary, the results of our series indicate that de-
layed scintigraphy is potentially useful if early scintigra-
phy fails to show an SLN [22]. In these patients, we were 
able to extend the clinical result and gain actionable in-
formation. This is consistent with the results of others 
[19, 24, 25] who also found no significant impact of de-
layed imaging in patients in whom an SN can be visual-
ized at immediate imaging.
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