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ABSTRACT 
 

Introduction: Several radiotracers are being used for sentinel node mapping in patients with breast cancer. In the current 
study, we reported our experience with 99m-Tc Phytate for sentinel node mapping in Mashhad University of Medical 
Sciences. 
Methods: All breast cancer patients who underwent sentinel node mapping using 99m-Tc Phytate were included. All 
patients received intradermal peri-areolar injection of 0.5 mCi/0.1cc 99m-Tc Phytate. Lymphoscintiraphy was performed for 
145 patients 5-10 minutes post-injection. The sentinel nodes were found during surgery using a hand-held gamma probe as 
well as blue dye technique.  
Results: In total 165 patients were evaluated. Lymphoscintigraphy showed axillary sentinel nodes in 135 out of 145 patients 
(93%) following imaging. At least one sentinel node could be detected in all these 135 patients during surgery. In the 
remaining 10 patients with sentinel node non-visualization, 5 had sentinel node harvesting failure during surgery. Median 
number of sentinel nodes on the lymphoscintigraphy images was 1. Sentinel node detection rate was 95% (157/165). In the 8 
patients with sentinel node harvesting failure, 7 had pathologically involved axilla. Median number of harvested sentinel 
nodes was 1. Mean sentinel node to background count ratio was 10±2.  
Conclusions: 99m-Tc Phytate is an effective and highly successful radiotracer for sentinel node mapping. Sentinel node can 
be visualized in a short time after 99m-Tc Phytate injection on the lymphoscintigraphy images. The sentinel to background 
count during surgery is high which results in more convenient sentinel node harvesting and high detection rate.  
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INTRODUCTION 
 
Sentinel node mapping is considered the preferred 
method for axillary staging in early stage of breast 
cancer [1-3]. The sentinel node concept is based on 
orderly dissemination of tumor cells in a lymphatic 
basin: the first lymph node (or nodes) receiving the 
lymph flow from a tumor can be considered 
representative of the whole basin [4, 5].  
Sentinel node mapping can be performed using blue 
dye or radiotracer alone or in combination. Couple of 
radiotracers has been used for this purpose with 
almost comparable results [6, 7]. In Iran, two 
radiotracers are currently in use: 99m-Tc Phytate [8] 
and 99m-Tc-Antimony Sulfide Colloid [9]. In 
Mashhad University of Medical Sciences, we started 
our validation phase of sentinel node mapping using 
99m-Tc Antimony Sulfide Colloid with excellent 
results in 2002 [10]. For 7 years, we used this 
radiotracer exclusively for sentinel node mapping. 
After encountering several labeling shortcoming with 
this radiotracer [9], we stared to use 99m-Tc Phytate.   
In the current study, we reported our experience in 
Mashhad University of Medical Sciences with this 
radiotracer for sentinel node mapping in patients with 
breast cancer. 
 

METHODS 
 
All breast cancer patients who underwent sentinel 
node mapping using 99m-Tc Phytate were included. 
The time span of the study was from December 2009 
till September 2012. Overall sample size of the study 
was 165 patients. On the day of surgery patients were 
sent to Nuclear Medicine Department for radiotracer 
injection. All patients received intradermal peri-
areolar injection of 0.5 mCi 99m-Tc Phytate in 0.1cc 
volume.  
After injection of the radiotracer, gentle massage was 
applied for 1 minute. Lymphoscintiraphy was also 
performed for 145 patients (with a dual head E.CAM 
Siemens gamma camera using 140 KeV photopeak 
and low energy high resolution collimator). Imaging 

was performed in Lateral and Anterior views (5 
min/image) 5 to 15 minutes post injection. Outline of 
the patients was imaged using the Scatterogram 
method as described by Momennezhad et al [11].   
The sentinel nodes were found during surgery using a 
hand-held gamma probe (RMD navigator or 
Europrobe) as well as blue dye technique. The time 
of surgery was 1-4 hours post injection of the 
radiotracer. For blue dye method patients were 
injected with Methylene blue (in 143 patients) after 
induction of anesthesia with sub-dermal injection. 
Harvested sentinel nodes were sent to the pathologist 
for frozen section. Axillary lymph node dissection 
was performed in patients with positive sentinel 
nodes. 
Detection (success) rate of sentinel node mapping 
was evaluated in different groups of patients. 
Continuous variables were expressed as mean ± SD. 
Chi-square test (or corresponding exact test) was 
used for comparison between groups. All statistical 
analyses were performed by SPSS 11.5 and p-values 
less than 0.05 were considered statistically 
significant. 
 

RESULTS 
 
Overall 170 early breast cancer patients were injected 
with 99m-Tc Phytate. Due to defective labeling in the 
first five patients, sentinel node mapping was not 
successful by radiotracer method. We excluded these 
five patients from the final analysis. In total 165 
patients were evaluated. Table 1 shows the 
characteristics of the patients. 
Lymphoscintigraphy showed axillary sentinel nodes 
in 135 out of 145 patients (93%) following imaging. 
Figure 1 and 2 show lymphoscintigraphy images of 
one of our patients. At least one sentinel node could 
be detected in all these 135 patients during surgery. 
In the remaining 10 patients with sentinel node non-
visualization, 5 had sentinel node harvesting failure 
during surgery. Median number of sentinel nodes on 
the lymphoscintigraphy images was 1 (range 1-3). 
 

 
 

Table 1. Characteristics of the included patients. 
 

Number of patients Age of the patients Histology Type of biopsy Tumor size 

     

165 45±14 
Ductal: 121 
Lobular: 32 
Other: 12 

Core needle: 112 
Excisional: 53 

2.1±1.4 
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Figure 1. Anterior (right) and Lateral (left) 
lymphoscintigraphy images of a patient performed 5 
minutes after radiotracer injection.  Images in the bottom 
are scatterograms of the corresponding lymphoscintigraphy 
images. Note the sentinel node on the lateral image which 
is not apparent on the anterior view due to superimposition 
of the injection site.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Overlaid lymphoscintigraphy and scatterogram 
images of the patient presented in Figure 1(Lateral view). 
 
 
Sentinel node detection rate was 95% (157 out of 165 
patients). In the 8 patients with sentinel node 
harvesting failure 7 had pathologically involved 
axilla. Median number of harvested sentinel nodes 
was 1 (range 1-3). Mean sentinel node to background 
count ratio was 10±2 (range 5.5 to 15). Sentinel 
nodes were pathologically involved in 45 patients in 
whom axillary dissection was performed. 
There were statistically significant differences 
between successful and unsuccessful sentinel node 

mapping surgeries and axillary involvement as well 
as sentinel node visualization (p<0.001). 
 

DISCUSSION 
 
Various radiotracers are currently in use for sentinel 
node mapping of the patients with breast cancer. 
These radiotracers are different in particle size [12]. 
99m-Tc Phytate has been used for reticulo-
endothelial system imaging, forming colloid in vivo 
after reaction with calcium ions [13]. This radiotracer 
has been used for lymphoscintigraphy too. The 
ability to image lymphatic system was attributed to 
formation of colloid upon contact with calcium in the 
lymphatics [14]. It has also been used for sentinel 
node mapping in various cancers including breast 
cancer, melanoma, and gynecological malignancies 
[8, 15]. An interesting characteristics of 99m-Tc 
Phytate which is very desirable for sentinel node 
mapping is trapping of this tracer in the first echelon 
nodes and little progress into the distal lymph nodes 
[16]. Our result was also consistent with this concept 
as the median number of sentinel nodes in our 
patients was 1.  
The particle size of 99m-Tc Phytate after interaction 
with ionized Calcium is reported to be 100-200 nm 
[17]. This particle size is much larger than 99m-Tc 
Antimony Sulfide Colloid. Considering this fact, it 
could be anticipated that movement of 99m-Tc 
phytate in the lymphatic system to be slow. However, 
we found very high sentinel node visualization rate 
on the lymphoscintigraphy imaging (conducted 5-10 
minutes after radiotracer injection) which was fairly 
rapid compared to 99m-Tc Antimony Sulfide Colloid 
[10, 18]. Tavares et al also reported their experience 
with 99m-Tc Phytate for sentinel node mapping and 
had similar results. They suggested rapid migration 
of low molecular weight molecules before interaction 
with ionized Calcium as the reason for rapid 
visualization of sentinel nodes [16].  
We also had very high target to background ratio 
(sentinel to background count ratio) during surgery. 
In accordance to our results, Tavares et al also 
reported very high sentinel to background ratio and 
attributed this to low concentration of interstitial 
Calicium ion which can lead to slow formation of 
colloid and in turn can cause rapid clearance of 99m-
Tc Phytate from background [16]. This high target to 
background ratio can be very useful for 
inexperienced surgeons since finding and harvesting 
of the sentinel nodes would be easier. Very high 
detection rate (95%) in our group of patients is in 
accordance to other groups such as Eftekhari et al 
(93%) [8], Tavares et al (93%) [15], and Takei et al 
(95%) [19], also shows the ease of sentinel node 
detection by surgeons. 
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Sentinel node non-visualization on the pre-operative 
lymphoscitigraphy images as well as axillary lymph 
node involvement was predictors of sentinel node 
harvesting failure during surgery in the current study. 
This shows the importance of pre-operative 
lymphoscintigraphy imaging since the surgeons can 
be warned about possible sentinel node harvesting 
failure before surgery. Axillary involvement can 
cause sentinel node non-visualization due to severe 
replacement of the sentinel node structure by the 
tumoral tissues [20, 21]. 
One of the main advantages of 99m-Tc Phytate over 
99m-Tc Antimony Sulfide Colloid is easy 
preparation of this radiotracer which does not require 
heating in boiling water. The kit could be prepared in 
15 minutes and is highly stable [8, 22]. However, 
preparation of 99m-Tc Phytate needs extreme caution 
not to let air in the kit during the labeling process. 
We experienced defective labeling in five patients 
with sentinel node detection failure due to presence 
of air in the kit during labeling. The kits should have 
negative pressure inside which can be checked by 
concave shape of the kit cap upon inspection. 
Another important advantage is low volume of the 
final labeled 99m-Tc Phytate as compared to 99m-Tc 
Antimony Sulfide Colloid. Preparation of 99m-Tc 
Phytate needs only addition of 99m-Tc Pertechnetate 
in to the kit which can decrease the volume of final 
preparation causing less discomfort for the patient. In 
contrast, 99m-Tc Antimony Sulfide Colloid needs 
addition of Phosphate buffer in the volume of at least 
1 mL with resulting higher volume of labeled kit 
solution.    
In our study, we didn’t evaluate the false negative 
rate of sentinel node mapping using 99m-Tc Phytate 
and this can be considered a limitation for our study. 
 

CONCLUSION 
 
99m-Tc Phytate is an effective and highly successful 
radiotracer for sentinel node mapping. Sentinel node 
can be visualized in a short time after 99m-Tc 
Phytate injection by lymphoscintigraphy. The 
sentinel to background count during surgery is high 
which results in more convenient sentinel node 
harvesting and high detection rate. 
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