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Introduction

The diagnostic and therapeutic approach to ax-
illary lymph nodes has long been considered indis-
pensable in the treatment of breast cancer (BC) pa-
tients [1–3]. The importance of sentinel lymph node 
(SLN) detection regarding the accurate staging and 
prognosis in BC is immediately obvious. Until recent-
ly, SLN mapping of the axilla with the combined use 

of blue dye and radionuclides was the modality of 
choice. However, adverse effects of the injected dye, 
concerning mainly anaphylactoid reactions (about 
1% of the patients) and permanent skin pigmen-
tation, which affects 3.2% of the treated patients, 
have led practitioners to move towards more deli-
cate methods [4]. Despite numerous techniques for 
sentinel lymph node mapping currently being in ex-
istence, there is a lack of recommendations for any 
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A b s t r a c t

Introduction: The diagnostic and therapeutic approach to axillary lymph nodes is considered indispensable in the 
treatment of breast cancer patients.
Aim: To investigate the effectiveness of 3D freehand SPECT (fhSPECT) in sentinel lymph node (SLN) mapping in 
breast cancer, compared with the use of a conventional gamma probe.
Material and methods: We retrospectively compared the fhSPECT lymph node mapping modality, with gamma probe 
detection in early-stage, clinically node-negative breast cancer patients, with biopsy-confirmed malignancy. The two 
techniques were compared based on the average number of LNs excised per axilla. The duration of SLN mapping was 
also compared between the two groups. The performance of the two methods on obese and post-systemic therapy 
patients was evaluated. FhSPECT was used in 150 cases, while the gamma probe was employed in 50 cases.
Results: FhSPECT detected at least 3 nodes in 83.3% of the patients vs. 72.0% with the γ-probe (p = 0.107). The mean 
number of SLNs excised per axilla was 3.66 using the γ-probe and 4.18 with fhSPECT (p = 0.03). The average surgical 
time was 39 ±7 min with the γ-probe and 37.54 ±17 min with fhSPECT (p = 0.228). Sentinel lymph node biopsy (SLNB) 
mean surgical time evolved from 40.2 ±20.77 min to 32.35 ±10.46 min (p = 0.033). In obese patients, a reduction in 
surgical times was noted from 45.5 ±3.09 min to 44.04 ±20.9 (p = 0.27), in addition to a significant increase in average 
LN detection in the fhSPECT group (4.26 ±1.44) compared to the γ-probe group (3.2 ±1.65) (p = 0.043).
Conclusions: The use of the fhSPECT modality is effective and safe, and, when compared to the γ-probe, has signifi-
cant advantages in SLN mapping.
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specific mapping techniques that have been proven 
to be most effective. Therefore, evaluation of new-
ly emerging mapping techniques that incorporate 
novel nodal visualization is crucial in ensuring bet-
ter prognosis for BC patients. One such technique is 
the intraoperative visualization of lymph nodes, by 
incorporating real time three-dimensional (3D) field 
imaging via a multimodal system, called free-hand 
single-photon emission computed tomography 
(fhSPECT). This approach combines the previously 
used handheld gamma (γ-) probe, with a two-point 
tracking system, and an infrared tracking camera 
capable of localizing and displaying the tracer dis-
tribution with a portable, small γ-camera [5, 6]. Until 
now, the use of fhSPECT has been documented in 
various oncological procedures, with few reports on 
axillary staging [6–12]. Existing literature describing 
the use of fhSPECT showcases superior lymphatic 
mapping results compared to lymphoscintigraphy 
in melanoma patients [6]. The mapping capabilities 
of the modality are also documented in the intra-
operative localization of parathyroid adenomas in 
smaller-scale publications, with encouraging results 
nevertheless [7]. Previous comparisons with the 
gamma probe technique in smaller scale studies 
also revealed superiority of fhSPECT in terms of de-
tection rates [5, 8]. Researchers have also identified 
the potential of fhSPECT to reduce false-negative 
rates (FNRs), provided that the scans are of good 
quality [12].

Aim

Our retrospective study aimed to investigate the 
utility of fhSPECT and compare it with the intraop-
erative use of the gamma probe alone, in terms of 
average number of nodes detected per patient and 
length of the SLNB procedure.

Material and methods

For the purposes of this study, we retrospec-
tively examined data from patients treated in our 
institution from November 2015 until April 2021. 
The protocol of our study was approved by the Bio-
ethics Committee of our hospital (approval number 
14550/9-6-2018). In order to facilitate data collec-
tion and handling, we set our patient recruitment 
policy at 50 consecutive patients for the gamma 
probe subgroup and 150 consecutive patients for 
the fhSPECT subgroup. The inclusion criteria were as 
follows: 1) core biopsy-confirmed breast neoplasm 
(either BC or high-grade DCIS) and 2) clinically neg-
ative nodal status at the time of diagnosis. We col-
lected intra-operative and histological data from our 
patients, who were divided into two groups accord-
ing to the SLN mapping technique used: The first 
group included patients where intraoperative ra-
dio-guided SLN nuclear detection was accomplished 
with the use of a handheld γ-probe, after periareolar 
Tc-99m-nanocolloid injection. In this group, SPECT/
CT scanning was performed in the first 17 patients 
preoperatively. The second group included patients 
where the SLN detection was performed with intra-
operative utilization of the freehand SPECT system. 
Intraoperative detection by the fhSPECT system 
was performed by the operating surgeon, under 
the assistance of nuclear medicine specialists. Pa-
tient records retrieved from November 2015 until 
January 2017 included patients who were treated 
utilizing the gamma probe alone. The fhSPECT sys-
tem was employed for all of the patients within this 
cohort, consecutively from 2017 until 2021, as the 
standard of care, due to a change of treatment pol-
icies within our institution. The device employed 
was the declipse SPECT Imaging System (SurgicEye 
GmbH, Germany) (Photo 1). The use of the SPECT/
CT system was gradually abandoned in favor of the 
fhSPECT system, taking into consideration patient 
discomfort, unnecessary delays and opting for the 
real-time imaging during surgery that the portability 
of fhSPECT actually added. Our operating team dis-

Photo 1. The declipse SPECT Imaging System. 
A – The high-resolution handheld Imaging Probe 
coupled with the tracking spheres. B – Tracking 
system and processing unit of the fhSPECT ap-
paratus (Courtesy of SurgicEye GmbH)

A B
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continued the use of the SPECT/CT imaging method 
after the results of a previous, intra-institutional au-
dit that did not reveal any added value of SPECT/CT 
on intraoperative node mapping, when added to the 
gamma probe technique.

A  comparative analysis was done on the num-
ber of lymph nodes detected, the number of posi-
tive lymph nodes and the type of surgery (mastec-
tomy or breast-conserving surgery, BCS). We opted 
for mean number of nodes detected as a means of 
comparing mapping methods, since it is indicative of 
the capabilities of each modality to scan and recog-
nize lymphatic pathways. In addition, this measure 

has been used in previous publications regarding 
fhSPECT in SLNB [5–8]. The patients who received 
primary systemic therapy (PST) prior to SLN map-
ping were also recorded. The demographics of the 
study population are presented in Table I. A same-
day injection protocol was performed in line with 
the current guidelines, regarding SLN localization 
in breast cancer [13]. Four periareolar injections of 
Tc-99m labeled nano-colloid (nano-sized albumin 
colloidal particles < 80  nm, Nantop, ROTOP) were 
administered approximately 45 min prior to surgery. 
Approximately 50 MBq (0.0013 Ci) were injected per 
patient. The pre-incisional acquisition scan followed. 

Table I. Patient demographics

Patient  characteristics Gamma Probe Group fhSPECT Group Statistical difference
p-value

Total no. of patients 50 150

Age: mean ± SD (range) 62.8 ±11.2 (38-84) 62.6 ±12.9 (34-91)  0.8995

Type of primary surgery, n (%):

 Lumpectomy 33 (66.0) 105 (70.5) 0.5965

 Mastectomy 17 (34.0) 44 (29.5)

Primary Ca histology, n (%):

 Non-specific type 40 (80) 121 (80.66) 0.229

 Lobular 6 (12) 9 (6)  

 DCIS 1 (2) 13 (8.66)  

 Mixed 3 (6) 7 (4.66)

Histological grade, n (%):

 I 21 (42.0) 24 (16) 0.0002

 II 23 (46.0) 78 (52)  

 III 6 (12.0) 48 (32)

Tumor size, n (%):

 Tis 1 (2.0) 12 (8.1) 0.461

 T1a 4 (8.0) 4 (2.7)

 T1b 7 (14.0) 19 (12.8)

 T1c 14 (28.0) 36 (24.2)

 T2 21 (42.0) 64 (43.0)

 T3 1 (2.0) 6 (4.0)

 T4 1 (2.0) 5 (3.4)

Prior neo-adjuvant treatment, n (%)

 Undergone 2 (4.0) 10 (6.7) 0.473

 Not undergone 48 (96.0) 140 (93.3)

 Obesity

 Present 15 (33.3) 42 (28.0) 0.786

 Not present 35 (66.6) 108 (72.0)
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The acquisition scan consisted of lateral, anteropos-
terior and caudocranial views, lasting approximately 
4 min, defining the rectangular volume of interest 
(VOI) – a three-dimensional virtual cubic space with-
in which the SPECT camera system was to scan for 
emitting hotspots (Photo 2). This was done in a way 
similar to the protocol proposed by Wendler et al. 
[12]. The γ-probe was placed just above the skin lev-
el, with a cranial direction. Meanwhile, a continuous 

scanning motion with a speed of 1 cm/s was applied 
throughout the surgical field. The surgeon (M.A., one 
of the authors) proceeded with the incision of the 
overlying skin and adipose tissue at a depth suggest-
ed by the probe’s indications. The probe was then in-
serted into the surgical field, in order to perform the 
first intra-field scan. The system’s depiction of the 
distribution of radionuclide inside the surgical field 
is seen in Photo 2. Retrieval of “hot” nodes followed, 
adhering to the recommendation of removing any 
node with an isotope emission reading > 10% of the 
node with the highest reading. One example of the 
system’s monitor indications is given in Photos 3–5, 
as taken from some of our cases. After completion of 
the whole process, the surgical field was rescanned 
to confirm that no radioactivity was left in place.

Statistical analysis

Following data acquisition and structuring, 
a  statistical analysis was performed. We utilized 
Student’s t-test and the Mann-Whitney U  test, for 
comparison of numerical datasets and deduction 
of statistical significance. The Mann-Whitney U test 
was employed in average node per axilla compari-
son, since data analysis with the Kolmogorov-Smirn-
ov test indicated a lack of normal distribution, thus 
not achieving the required assumptions for the 
t-test. Pearson’s c2 test was applied to compare the 
statistical significance of percentile differences be-
tween the two groups. Statistical significance was 
considered for p < 0.05.

Results

In total, 150 patients with a  mean age of 62.6 
±12.9 (range: 34–91) years were included in the 
fhSPECT group and 50 patients with a mean age of 
62.8 ±11.2 (range: 38–84) years in the γ-probe group. 
Histological grade varied between the two groups, 
as grade I carcinomas made up 21/50 (42.0%) ver-
sus 24/150 (16.1%) (p = 0.0002) in the γ-probe and 
fhSPECT group, respectively. Grade III carcinomas 
also differed: 6/50 (12%) as opposed to 47/150 
(31.5%), respectively (p = 0.006). When comparing 
the histological N0 nodal status after SLN mapping, 
there was a  statistically significant difference be-
tween the γ-probe and fhSPECT group, with 41/50 
patients (82.0%), and 90/150 (60.4%), respectively  
(p = 0.006). N1mi nodal status also differed, with 
0/50 and 13/150 (8.7%), respectively. The percent-

Photo 2. The surgical field imaging, as taken 
from the processing unit. The system’s VOI, de-
tected hotspots, distance from target, as well as 
both tracking devices are visible

Photo 3. Intra-field reconstruction of the sys-
tem. The targeted lymph node, emission rate, 
as well as the distance from the target can be 
clearly seen
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Photo 4. A–F – Serial scanning of a single lymph node, from multiple directions, performing the “pivoting 
scanning motion”. More details are given in the text

A

C

E

B

D

F

age of cancer in filtered lymph nodes of those ex-
cised also varied significantly between the two 
groups with 15/183 (8.2%) in the γ-probe group, 
versus 116/623 (18.6%) in the fhSPECT group (p = 

0.0008). In 8.66% of the patients in the fhSPECT 
group, level II and apical LNs were detected. This 
is a novel finding, not observed under the γ-probe. 
SLNB was converted to axillary lymph node dis-



Maria-Ioanna Argentou, Evangelos Iliopoulos, Georgios-Ioannis Verras, Francesk Mulita, Levan Tchabashvili, Trifon Spyridonidis,  
Dimitrios Apostolopoulos

646 Videosurgery and Other Miniinvasive Techniques 4, December/2022

section (ALND) in 3/50 (6.0%) in the γ-probe group 
compared to 18/150 (12.0%) in the fhSPECT group. 
Even though the percentage of conversion to ALND 
was doubled when using fhSPECT, statistical analy-
sis failed to demonstrate any statistical significance 
(p = 0.231).

On the other hand, the mean number of nodes 
detected and excised differed significantly between 
the two groups. Utilizing the γ-probe device, a mean 
of 3.66 lymph nodes were excised per axilla, ver-
sus 4.18 LNs in the fhSPECT group (p = 0.03). In the 
gamma probe group, the average operation time 
was 39 ±7 min, compared to 37.54 ±17.11 min in 
the fhSPECT group (p = 0.23). However, comparison 
of the mean SLNB time between the gamma probe 
(n = 50) and the 2021 group of patients (n = 17) 
revealed a  significant shortening of surgical times 

from 39 ±7 min in the former to 32.35 ±10.46 min 
in the latter (p = 0.010). With regard to the length 
of operation on an annual basis, a gradual reduction 
was recorded after fhSPECT implementation. The av-
erage annual operational time throughout the study 
period was significantly decreased from 40.2 ±20.77 
min in the 2019 group of patients (n = 38) to 32.35 
±10.46 min in the 2021 group of patients (n = 17)  
(p = 0.033). Both these measurements indicate 
a  statistically significant trend in reduction of the 
surgical time. The above findings regarding surgi-
cal times are summarized in Table II. A minimum of 
three lymph nodes per axilla were excised in 36/50 
(72.0%) of the patients in the γ-probe group, com-
pared to 123/150 (83.3%) in the fhSPECT group, 
a difference that for the current number of patients 
was not statistically significant (p = 0.107). Howev-
er, the average number of excised lymph nodes per 
patient has higher in the fhSPECT group (4.16 vs. 
3.66 in the γ-probe group, p = 0.03). Studying the 
subpopulation of obese patients in both groups re-
vealed a small reduction in operational times from 
45.5 ±3.09 min to 44.04 ±20.9 (p = 0.27). Howev-
er, the number of excised lymph nodes per patient 
was higher on average in the obese patients of the 
fhSPECT group (4.26 ±1.44) than in the γ-probe 
group (3.2 ±1.65) (p = 0.043) following closely the 
cumulative results. A  summary of our findings can 
be found in Table III.

Discussion

Our study showed that the fhSPECT method is 
more efficient than the gamma probe method in LN 
detection (as expressed by mean LNs per patient), 
an observation that also holds true for obese pa-
tients. We also found that there is a good potential 
for reducing surgical times of the SLNB operation. 

Photo 5. A  nodal cluster, encountered during 
the SLNB process. Emission measurements and 
distance from probe for each of the hotspots 
can be seen

Table II. Study results. Comparison of surgical times

Gamma Probe Group [min] fhSPECT Group [min] P-value

Gamma Probe Group
39.00 ±7.00

fhSPECT Group
37.54 ±17.11

0.01

2019 fhSPECT Patient Subgroup (n = 38)
40.2 ±20.77

2021 fhSPECT Patient Subgroup (n = 17)
39.00 ±7.0

0.033

Gamma Probe Group (n = 50)
39.00 ±7.00

2021 fhSPECT Patient Subgroup (n = 17)
32.35 ±10.46

0.01

Obese Gamma Probe Patient Subgroup (n = 15)
45.5 ±3.09

Obese fhSPECT Patient Subgroup (n = 42)
44.04 ±20.9

0.278
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A minimum of three lymph nodes was detected in 
significantly more patients within the fhSPECT co-
hort. In this study, we investigated a promising tech-
nique for SLN mapping and biopsy. To the best of our 
knowledge, this cohort is the largest regarding the 
use of fhSPECT in SLN biopsy for breast cancer. Re-
garding breast cancer SLN mapping, intraoperative 
use of a radioisotope tracer has long been used as 
the method of choice. The addition of a colorimetric 
modality in the form of blue dye is currently the gold 
standard, with detection rates of up to 96.5% [14–17].  
However, use of the dye technique has been associ-
ated with a wide range of adverse effects [18]. Cur-
rently, there is a growing need for the development 
of sophisticated mapping techniques that would be 
safe, cost-effective, and could reduce surgical times 
while improving the LN detection rates. Wendler et al.  
first introduced fhSPECT as a  novel technique for 
lymphatic mapping, while SPECT/CT was used as the  
validation method [12]. Their results showed a de-

tection rate of 77.8% in their pilot study, and 83.3% 
in their validation study, indicating relatively low ac-
curacy, especially when considering that only good 
quality scans had a detection rate of only 77.8% in 
the pilot study. Of note, the number of patients with 
only one SLN (46/85 patients) detected was con-
sidered high, as was the number of patients with 
no SLNs excised. In our study, at least 3 LNs were 
identified in most patients, and few pathological re-
ports confirmed less than 2 LNs. Our study showed 
that a minimum of 3 LNs were detected and excised 
in 129/150 (83.3%) of the patients in the fhSPECT 
group, compared to 36/50 (72%) of the patients un-
dergoing SLNB utilizing γ-probe detection alone. We 
opted for a minimum removal of 3 SLNs per patient, 
in accordance with reliable published data, which 
show that 97–98% of positive SLNs are found with-
in the first three excised lymph nodes [19]. Use of 
fhSPECT has a  unique advantage over other map-
ping methods: the virtual optical information provid-

Table III. Study results. Comparison between γ-probe and fhSPECT

Variable Gamma Probe Group (%) fhSPECT Group (%) P-value

Nodal status:

 N0 41 (82) 91 (60.66) 0.006

 Nmi 0 14 (9.33)

 N1a 5 (10) 28 (18.66)

 N2a 2 (4) 10 (6.66)

 N3a 2 (4) 7 (4.66)

Lymph nodes excised:

 0 0 (0.0) 1 (0.66)

 1 6 (12.0) 10 (6.66)

 2 8 (16.0) 14 (9.33)

 ≥ 3 36 (72.0) 125 (83.3) 0.107

Total 183 623

Per patient 3.66 4.18 0.03

In obese patients 3.22 4.26 0.04

In post-PST patients 6.1 3.5 –

Malignant lymph nodes 15 (8.2) 116 (18.6) 0.0008

ALND conversion 3 (6.0) 18 (12.0) 0.230

Mean surgical time (SD):

 In all patients 39.00 ±7.00 37.54 ±17.11 0.558

 In the 2021 fhSPECT subgroup*  39.00 ±7.0 32.35 ±10.46 0.01

 Obese patients 45.5 ±3.09 44.04 ±20.9 0.27

Level II lymph nodes (% of patients) 0 13 (8.66) –
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ed during the operation. The system’s “almost real 
time” projection of the reconstructed field image, 
with the addition of depiction of radioactivity dis-
tribution within the axilla, is a complementary guid-
ance tool that promises favorable outcomes, regard-
ing the precision and feasibility of SLNB. 

Expanding on the use of the fhSPECT method on 
breast cancer, a  study by Bluemel et al. compared 
preoperative scintigraphy and intraoperative use of 
both the γ-probe and fhSPECT [5]. Using scintigraphy 
as a gold standard, the fhSPECT system surpassed 
the γ-probe in detection rates (92.3% and 89.7% per 
axilla, respectively), results that are consistent with 
our findings. In our study, fhSPECT detected an aver-
age of 4.2 (SD 1.78) SLNs per axilla, while the gam-
ma probe detected 3.48 ±1.63. Similar to our results, 
Bluemel’s study also found the use of fhSPECT to 
vastly outperform the γ-probe in SLN detection rate 
(92.7% vs. 69.1%). It ought to be noted, however, 
that despite the statistical significance of our find-
ings, it seems largely unclear whether an observed 
difference of 0.72 nodes on average can have any 
significant clinical impact, since one cannot retrieve 
less than one lymph node. Our findings clearly in-
dicate a  significant trend towards superior nodal 
detection of the fhSPECT system compared to the 
gamma probe that is still in need of better evalua-
tion through larger patient groups.

FNRs in SLNB have been estimated to be 8–10% 
[17, 20]. The system’s sensitivity compared to pla-
nar scintigraphy was reported at 97.5% [21]. Reports 
on the factors associated with higher FNRs indicate 
that the number of excised SLNs is an independent 
factor that negatively affects FNRs [22]. Therefore, 
we can argue that implementing novel mapping 
systems such as fhSPECT, that are able to detect 
more SLNs on average, can lead to a  reduction of 
FNRs. In our study, we could not address the mat-
ter of FNRs, mainly due to existing guidelines on the 
management of the axilla in early-stage BC patients, 
which no longer recommend performing ALND as 
a  viable therapeutic or staging option. The “10% 
rule”, the proposed upper numerical limit of nodal 
excision, has been shown to often cause over-ex-
cision of nodes when they are closely adhered to 
[23]. Herein, we found that the use of fhSPECT not 
only leads to easier and faster node acquisition, but 
could even optimize the number of SLNs excised per 
axilla. FhSPECT also provides valuable assistance 
regarding the upper limit of total lymph nodes ex-

cised. In this aspect, fhSPECT, as compared with the 
γ-probe, offers the advantage of simultaneous dual 
indication (CPS and depth) for each node, reducing 
the FNRs. In addition, the range of the system’s in-
trinsic resolution capacity is 1–3  mm, making the 
distinction between two different lymph nodes far 
more accurate than with the γ-probe. To put matters 
into perspective, previous reports of similar systems 
with encouraging nodal detection results looked at 
systems with spatial resolution of 12–14  mm [6]. 
This capacity enabled us to identify and remove the 
true emitting node, without unnecessary dissection 
of the surrounding lymphatics. False negative rates 
are of particular interest in a specific subpopulation 
of patients, those having undergone primary sys-
temic therapy (PST). In our study, 10 patients after 
PST were included in the fhSPECT group. In these pa-
tients, the average detection time was 34.8 ±18.14 
min with a  mean of 6.1 ±1.45 LNs detected. The 
small number of post-PST patients enrolled did not 
allow for comparison between the two groups. Post-
PST inflammatory reaction of the axilla may lead to 
altered regional lymphatic drainage, making false 
negative detection far more frequent. A  2016 me-
ta-analysis found that the false negative rate was 
13% for patients having received PST [24]. Current 
guidelines recommend the use of dual-mapping 
technique for SLNB in post-PST patients, as a means 
of reducing the FNR [25]. Furthermore, any isolated 
tumor cell counts in the decision to perform ALND 
[26, 27]. Thus, a combined-mapping technique (such 
as fhSPECT combined with the γ‑probe) seems ap-
propriate for staging these patients. Three-dimen-
sional (3D) reconstruction of radionuclide distri-
bution of the surgical field enables the surgeon to 
obtain multidirectional imaging of the possible SL 
nodes, including the depth (Photo 4), and therefore 
aid in the optimal identification of SLNs, despite the 
extensive fibrosis seen in the axilla after PST. Thus, 
introduction of more sensitive techniques that could 
lower FNR, such as fhSPECT, would be of great val-
ue in the overall treatment of such patients. Due to 
the small number of patients, no comparison could 
be made between the groups. Furthermore, another 
point of interest in the utilization of fhSPECT is the 
detection of level II, including apical, sentinel lymph 
nodes. After the introduction of the fhSPECT system 
in our clinical practice, we noted an increase in the 
detection of level II lymph nodes, including apical 
ones. We recorded level II lymph nodes in 13/150 
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(8.66%) of the SLNBs when fhSPECT was used. Ex-
isting literature shows little experience in non-level 
I SLN mapping. In the original publication by Wend-
ler et al., level II SLNs were found in 3 of the patients, 
while Bluemel et al. reported the detection of such 
nodes [5]. The ability of fhSPECT to map previously 
unseen deeper locations of lymph nodes will contrib-
ute to uncovering unusual and complex lymphatic 
drainage, making the disease staging more accurate.

Obesity, especially when combined with ad-
vanced age, has long been documented to negative-
ly influence the success rate of SLNB and increase 
FNRs [28]. A  study by Cox et al. showed that an 
increase of either 1 year of age, or 1 unit of BMI, 
lowered the SLNB success rate by approximately 
5% [29]. The use of SPECT/CT was found to ampli-
fy the acquisition rate of SLN identification in such 
patients, when compared with use of lymphoscin-
tigraphy and blue dye [30]. While our study was not 
able to demonstrate expedited nodal detection in 
obese patients, fhSPECT allowed for more nodes to 
be detected on average. Similar to previous findings, 
this is expected to reduce the false-negative SLNB 
operations in obese patients. In addition, there are 
qualitative advantages as well; the real-time spatial 
navigation of the axilla will undoubtedly facilitate 
nodal excision in patients with copious amounts of 
adipose tissue.

Surgical time is of major concern in SLNB, since 
a  prolonged procedure could alter aTc-99m nano-
colloid drainage. Here, we observed that the mean 
acquisition and retrieval times have been gradually 
reduced since the introduction of fhSPECT. It is note-
worthy that the length of the first 3D scan has been 
found to be highly dependent on the experience of 
the operator with the system [31]. In our study, we 
observed a  reduction of the overall length of the 
SLNB, which has progressed from a mean of 46 min 
to 34 min on average. This is proof that the use of 
fhSPECT system has a brief learning curve, and sur-
gical times decrease as the operator’s experience 
grows.

One of the most significant and novel findings 
in our study was the progressive reduction of the 
repeat field scans needed, as the surgeon moved 
deeper in the tissue. This can be attributed to the 
scanning technique employed by the surgeon (M.A.), 
which utilized a “pivoting” scanning motion, in a way 
that essentially performed a brief rescan on multi-
ple angles around the hotspot while moving deeper 

into the tissue, leading to the improvement of re-
construction and acquisition time. A demonstration 
of the “pivoting” scanning is seen in Photo 4. While 
performing the aforementioned scanning process, 
the concurrent utilization of the system’s depth es-
timation allows for better delineation of the LNs in 
the axillary space, by enabling the multangular de-
piction of hotspots, thus making the technique ca-
pable of distinguishing the target LNs among a clus-
ter of emitting nodes, in order to selectively harvest 
the highest emitting ones. An example of clustered 
lymph nodes, as depicted by the system, can be seen 
in Photo 5. While no quantitative analysis could be 
performed on the scanning motions of the opera-
tor, this is a  qualitative finding that demonstrates 
the importance of spatial navigation within the axil-
la. Future studies could evaluate different scanning 
protocols and determine whether there is any fur-
ther surgical significance.

One of the limitations of this study is the rela-
tively low number of patients included in the γ-probe 
study group, thus making the statistical correlation 
more difficult, while remaining relative. An ideal 
comparison between the two methods should be to 
employ both mapping techniques for the same pa-
tients simultaneously. This would also allow for bet-
ter estimation of the FNR and accuracy of fhSPECT. 
However, this is deemed inappropriate due to unac-
ceptable prolongation of surgical time, while adding 
unnecessary patient discomfort. The retrospective 
nature of our study is another limitation. In order 
to minimize bias and produce higher quality results 
in the future, research questions comparing map-
ping methods can use randomized patient cohorts 
instead. In addition, future studies on the subject 
could attempt to recruit specific subgroups of pa-
tients (e.g. obese, post-PST) to confirm the signifi-
cance of our findings within a smaller scale patient 
cohort.

Conclusions

Being a  unique combination of complementary 
mapping techniques (SPECT and γ-probe), the mo-
dality’s biggest advantage is the real-time 3D spa-
tial reconstruction and depiction of the surgical 
field, a  fact that, in essence, brings SPECT/CT lym-
phoscintigraphy into the operating room. This mo-
dality could be the answer to the growing need for 
more precise methods in SLNB and lower FNRs, by 
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allowing for more LNs to be detected on average, 
as demonstrated by our findings. In addition, our 
results show a  tangible decrease in surgical times, 
with only a modest learning curve, while remaining 
a safe and accurate option. The detection of the un-
expected level II lymph nodes is another novel ad-
vantage of the method. Furthermore, its implemen-
tation as a mapping method in obese and, especially, 
post-PST patients promotes the fhSPECT method as 
a reliable alternative, with distinct advantages over 
other techniques, as seen by the reported shorten-
ing of the surgical times. The original report of the 
“pivoting” scanning motion employed here further 
enhances the mapping potential of this modality. In 
conclusion, we suggest that fhSPECT should be pop-
ularized and incorporated into the SLNB procedure 
whenever possible. It should be noted, however, 
that wider implementation of the fhSPECT system 
would also require the presence of nuclear medicine 
laboratories and specialists, a perquisite not met by 
many breast cancer centers.
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