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Background and Objectives: Sentinel lymph node biopsy (SLNB) is standard practice 

for staging cutaneous melanoma. High false negative rates have increased interest in 

adjunctive techniques for localizing SLNs. Mobile gamma cameras (MGCs) represent 

potential tools to enhance SLNB performance. 

Methods: Twenty eligible melanoma patients underwent 99mTc sulfur colloid injection and 

standard lymphoscintigraphy with a fixed gamma camera (FGC). A survey using a 20 cm 

square MGC, performed immediately preoperatively by the study surgeon, was used to 

establish an operative plan while blinded to the FGC results. Subsequently, SLNB was 

performed using a gamma probe and a novel 6 cm diameter handheld MGC.  

Results: A total of 24 SLN basins were detected by FGC. Prior to unblinding, all 24 basins 

were identified with the preoperative MGC, and the operative plan established by 

preoperative MGC imaging was confirmed accurate by review of the FGC images. All 

individual SLNs were identified during intraoperative MGC imaging, and in 5/24 (21%) 

cases, additional clinical information was obtained from the MGC.  

Conclusions: Preoperative MGC images provide information consistent with FGC images 

for planning SLNB and in some cases provides additional information that aided in surgical 

decision-making.   
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INTRODUCTION 

Sentinel lymph node biopsy (SLNB) is a routine component of surgical management and 

staging of patients with clinical stage IB and II melanoma [1]. The pathologic status of the sentinel 

lymph node (SLN) is the most important prognostic factor for these patients [2]. However, false 

negative rates averaged 12.5% in a meta-analysis of more than 25,000 patients [3]. Forty-four to 

fifty percent of false negative SLNB have been ascribed to failure of radiologic or surgical 

identification of the SLN [4]. 

Intraoperative use of mobile gamma cameras (MGC) by surgeons has potential to decrease 

the false negative rate of SLNB in melanoma and provide real-time imaging to improve surgical 

decision-making, particularly in patients with difficult-to-locate SLNs [5-8]. A pilot study of such 

a device at our institution identified 6 ways in which MGCs may offer additional clinically useful 

information to increase the accuracy of SLNB and document findings [8]. These include: imaging 

near the injection site after excision of the injection site, imaging a lymph node basin after 

removing the hottest node, re-imaging intraoperatively to clarify ambiguous fixed gamma camera 

findings, re-imaging the patient in the position in which the operation will be performed, 

confirmation of unclear findings of the standard non-imaging gamma probe, and formal 

documentation of findings and node removal.  Furthermore, the ability to generate 2-dimensional 

images and to obtain sequential images after each SLN is removed is a way to mitigate the user-

dependency inherent to use of the standard non-imaging probe. Based on surgeon feedback from 

our prior experience, we identified opportunities to improve upon the initial MGC and developed 

a larger mounted MGC (20 cm x 20 cm) for wide field of view imaging in addition to a smaller 

round handheld probe (6 cm diameter) designed for positioning in the axillary fossa or other body 

sites as needed.  
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In addition to potential intraoperative advantages, the use of a MGC may streamline 

scheduling, save time and simplify logistics for patients. In current practice, when 

lymphoscintigraphy is performed, images are obtained with a fixed gamma camera (FGC), then 

SLNs are identified intraoperatively with a non-imaging handheld gamma probe that consists of a 

single detector element with a counting rate highly dependent on operator positioning. A limitation 

of this process is that the patient typically must undergo FGC lymphoscintigraphy 2-4 hours prior 

to surgery and in a location distant from the operating room.  This adds several hours to the 

patient’s clinical care and complicates operating room scheduling. A MGC has the potential to 

streamline this process by performing imaging in the operating room at the time of surgery. 

Immediate preoperative lymphoscintigraphy with a MGC has been studied in SLNB performed 

for breast cancer, with promising results [9-10]. However, localization of the SLN in breast cancer 

is fairly streamlined, as almost all drain to the ipsilateral axilla. The potential role of a MGC for 

preoperative localization of SLN has not been assessed in melanoma, for which the lymphatic 

drainage patterns are more variable.   

The primary aim of the present study was to determine if preoperative survey using a wide 

field-of-view MGC can accurately guide the operative plan as compared with lymphoscintigraphy 

using a conventional FGC. Additional aims were to assess the usefulness of a new hand-held 

intraoperative gamma camera with a real-time imaging feature in combination with conventional 

gamma probe, and to estimate the proportion of patients in whom clinically useful information was 

provided by use of the MGCs, that was not available with the FGC and gamma probe alone. 

 

MATERIALS AND METHODS 
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Participants: From April 2011 to February 2012, 22 patients who met criteria for SLNB as part of 

their clinical care were enrolled in this IRB approved trial (University of Virginia IRB #15343).  

Prior to scheduled surgery, two patients were found not to meet criteria for SLNB due to changes 

in pathologic staging determined by the institutional multidisciplinary Melanoma Tumor Board; 

thus, 20 eligible patients completed all study procedures.   

 

Mobile gamma cameras (MGC): Two MGCs provided by Jefferson Lab (Newport News, Virginia) 

were used in this study. The first (20 cm MGC) consisted of a MGC head with a field of view of 

20 cm x 20 cm mounted on a mobile cabinet containing a personal computer for detector control, 

and image processing/display (Figure 1A). Image collection is accomplished with a 3x3 array of 

flat microchannel plate-based Burle 85001-501 position sensitive photomultiplier tubes (PSPMTs) 

coupled to a 20 cm x 20 cm pixelated NaI(Tl) array with 6.6 mm crystal pitch and 12.5 mm crystal 

thickness. The camera was fitted with a high-resolution parallel hole collimator. High rate (over 

150 kHz) Anger type resistive readout with four output channels was implemented. Data readout 

was accomplished with a Jefferson Lab-developed 16-channel field-programmable gate array 

(FPGA) data acquisition module and detector control software, written in Kmax 8 (Sparrow Corp, 

Port Orange FL). The 20 cm MGC was primarily used for preoperative nodal basin assessment 

due to its size and wide field of view.   

A second MGC (6 cm MGC) was designed for intraoperative use and consisted of a round 

6 cm field of view (FOV) camera using a single crystal lanthanum bromide scintillator in a custom, 

ultra-compact package  [11] (Figure 1B). The scintillator was read out by an array of multi-pixel 

photon counters (MPPCs) from Hamamatsu. A high sensitivity, custom made parallel hole 

collimator was employed, resulting in a camera sensitivity of 480 cps/MBq. This camera was 
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similarly mounted on a mobile cabinet but was detachable from its gantry arm, permitting hand-

held operation. Detector control software was similarly Kmax based. Initially, only a standard 

static imaging mode was available, in which each detected gamma event remained in the image 

until the entire image was cleared. After imaging the first three patients, it became apparent that it 

would be valuable to enable continual refreshment of images as the camera was moved to survey 

different areas of interest. Thus, a second mode was added to permit dynamic imaging.  This 

second mode, the “persistence” mode, presented a constantly refreshed image that approximated 

real-time imaging (Figure 2).  In this mode, the displayed lifetime of detected events was 

controllable, allowing for example, for adjustment for different levels of radiotracer uptake.  This 

mode was intended primarily for use as a viewfinder, to allow the operator to identify an area of 

interest, and then to take a higher quality static image. The imaging display was also customized 

with “binning” algorithms.  These algorithms integrated adjacent pixels in 5 x 5, or 10 x 10 pixel 

blocks. The resulting heat-map style images increased the readability of the resulting images and 

hence decreased the necessary image collection time (Figure 3).  The display was also customized 

to show the energy spectra of the detected gamma rays (Figure 2).   

 

Lymphoscintigraphy: All participants underwent routine lymphoscintigraphy in the nuclear 

medicine suite on the day of surgery.  For all cases, approximately 0.5 mCi (19 MBq) of filtered 

Tc-99m sulfur colloid (Cardinal Health, Inc., Dublin, OH) was injected in 4-8 intradermal 

injections circumferentially around the site of the primary melanoma. In the case of multiple 

primary lesions, all lesion sites were injected. Immediately after injection, the participant was 

placed under the fixed gamma camera (Symbia, Siemens Medical, Erlangen, Germany) and static 

images were taken to identify hot spots. A flood source was also used to outline the patient. 
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Institutional standard practice is to mark overlying hotspots with indelible ink; however this was 

deferred so that the study surgeon would be blinded to the location of the SLNs. 

 

Preoperative MGC Survey and Establishment of Surgical Plan:  Prior to review of the 

lymphoscintigraphy images, the study surgeon used the 20 cm MGC to conduct an imaging survey 

for nodal basins in the preoperative holding area. Image location, orientation, and number of 

images were determined on a case by case basis by the study surgeon. Using only the MGC images, 

an operative plan was established and recorded, including the incision sites and estimated number 

of SLNs at each site. The total time necessary for this survey was recorded for each case.   

 

Unblinding and completion of the operation:  After establishing the operative plan, the surgeon 

reviewed the FGC images and imaging report provided by radiology review of the images (Figure 

4). These results were compared to the preoperative MGC survey results and the operative plan. If 

the initial operative plan based on imaging with the 20 cm MGC was altered after review of the 

FGC images, such changes were recorded as failures. Significant changes were defined as an 

alteration in the surgical plan that resulted in a change of anatomic location of the node basins or 

change of incision location. Discrepancies in the number of predicted nodes in each location were 

recorded; however, they were not considered failures in operative plan.  

 

Following preoperative imaging, patients were transferred to the operating room and prior 

to incision, a survey with the hand-held gamma probe (C-TrakTM, Care Wise Medical Products 

Corp, Morgan Hill, CA, USA) and 6 cm MGC was completed. SLNB was then performed 

according to routine clinical practice (SLNs were defined as the hottest lymph node and all nodes 
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with probe counting rates ≥10% of that of the hottest SLN) [12]. Images were obtained, using the 

6 cm MGC, of each removed lymph node ex vivo, and of the node basin after removal of the first 

sentinel node; this imaging procedure was repeated after removal of each subsequent lymph node. 

When indicated, wide local excision of the primary site/injection site was performed prior to 

SLNB, but after the initial MGC survey. The same primary surgeon (CLS) completed all MGC 

imaging and all operative procedures. In accordance with our standard clinical practice, isosulfan 

blue was not used [13]. Final pathologic status for each node was recorded when it became 

available.    

 

Feasibility Assessment: A seven-question “grading of logistics” questionnaire was completed by 

the study surgeon for each participant to assess the operator’s opinion of the value and ease of use 

of each MGC and the process as a whole. Each question was graded on a Likert scale from 1 

(outstanding) to 9 (prevented completion of the study).   

 

Study design and statistical considerations: This was a single-institution study. The primary 

endpoint was the success rate of the MGC and gamma probe in determining the operative approach 

for SLNB independent of FGC imaging. Analysis was based on the number of lymph node basins 

containing sentinel nodes that were identified with the 20 cm MGC and hand-held gamma probe, 

where no alteration to the surgical plan was required after review of the standard-of-care FGC 

images. At a minimum, >95% success rate was expected, where success was defined as correct 

identification of a lymph node basin containing one or more SLNs using the 20 cm MGC before 

review of the FGC images. A lymph node basin containing one or more SLNs that is identified by 

FGC but missed by evaluation with the MGC was considered a failure. We estimated there would 
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be 1.2 basins/patient identified (i.e., 24 lymph node basins from 20 participants).  A minimum 

observed target rate of 95% would provide 80% confidence that the true success rate is no less 

than 88%, where confidence is defined by the lower limit of the corresponding one-sided 

confidence interval.  

Within the target enrollment of 20 eligible patients, the study design allowed for redesign 

of the imaging protocol if there was a “miss” in any group of 5 consecutive patients.  A miss was 

defined as a clinically significant change in the operative plan that was defined after imaging with 

the 20 cm MGC (and blinded to initially to the FGC images), upon subsequent review of the FGC 

images. Enrollment was to continue unless there was a miss in a fourth sequence of 5 attempts.   

 This study was also designed to estimate the proportion of patients in whom clinically 

useful information was provided uniquely by the MGC imaging. For the purpose of this assessment, 

“clinically useful information” was defined as information that is of benefit to the patient that is 

not provided by standard FGC or gamma probe. In prior experience, these benefits included 

identifying a node or node basin that was not defined by the FGC and probe or avoiding excision 

of a node that was not a sentinel node.  Twenty patients provided 80% power to test for a null 

improvement rate of 10% versus the alternative rate of 31% with a one-sided 5% level binomial 

test. Basic summary measures such as frequencies, point estimates and 90% Wilson confidence 

intervals for proportions were used to describe outcomes.   

 

RESULTS 

Patients enrolled: Twenty-two patients were enrolled in the study.  Two patients were excluded 

after initial enrollment due to a revised melanoma depth measurement, where the final report was 

of a T1a melanoma, for which SLNB was not recommended. Twenty patients underwent 
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lymphoscintigraphy and SLNB. These included 18 primary melanomas with defined Breslow 

depth, 1 with regionally-recurrent melanoma, and one with a subcutaneous melanoma deposit 

consistent with a metastasis from an unknown primary site. The locations were on the trunk (7), 

upper extremity (7), lower extremity (5), or perianal area (1). One of the patients had 2 

synchronous primaries located near each other on the upper abdomen. Among the 18 patients with 

defined Breslow depth, one was T1b (mitoses > 1/mm2), 7 were T2 (1-2 mm), 5 were T3 (2-4 

mm), and 3 patients were T4 (> 4 mm).   

 

Determination of the operative plan and sensitivity for nodal basins: The initial operative plan 

dictated by the surgeon after review of 20cm MGC images while blinded to the standard-of-care  

FGC imaging and radiologist’s review was confirmed as accurate upon review of the FGC images 

and reports in all twenty cases.  Twenty-four SLN basins were detected by preoperative 20cm 

MGC imaging and confirmed by FGC imaging and, intraoperatively, with the gamma probe.  A 

comparison of gamma images from a representative case is provided in Figure 5.  In one case, 

review of the FGC imaging identified an additional basin, an epitrochlear hotspot near the primary 

site in a patient with a forearm melanoma.  This was detected by FGC and reported as a SN by 

radiologist review.. This area of Tc uptake was noted by the surgeon on preoperative MGC survey 

and felt to represent transient lymphatic pooling due to the less distinct and stellate appearance 

appreciated on MGC imaging.  Preoperative planning with the 20 cm MGC did not include a plan 

for incision at the epitrochlear site in this patient. Intraoperative gamma probe investigation and 

intraoperative MGC images also did not demonstrate a hot spot at this site; thus, the epitrochlear 

hotspot was recorded as a false-positive by the FGC. Thus, the success rate of the MGC and 
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gamma probe in determining the operative approach for SLNB independent of FGC imaging 

was 100%, exceeding the study design threshold of 95%. 

 

Sentinel nodes identification:  For the 20 eligible patients, a total of 61 SNs were identified from 

24 identified lymph node basins (mean 2.5 SLNs per basin).  In total, 8 SLNs in 5 participants 

were found to contain metastatic melanoma. This represents 13.1% of SLN and 25% of patients.  

 

Intraoperative detection of SLNs:  The 6 cm round gamma camera and the gamma probe were 

used intraoperatively to locate SNs and to confirm case completion when the probe indicated bed 

count <10% of the hottest SN and no additional focal uptake was visualized on 6 cm MGC 

imaging.   The 6 cm round gamma camera detected 59/61 (97%, 90%CI 91, 99) of the SNs. The 

gamma probe ultimately detected 61/61 (100%, 90%CI 96, 100) SNs.  Of note, in case #18 the 

patient mapped to the right axilla.  After excision of three SNs, the gamma probe assessment of 

the basin revealed a bed count <10%.  The basin was then assessed by the 6 cm MGC and in the 

inferior boarder of the axilla, uptake was appreciated.  Targeted assessment of this location with 

the gamma probe located additional uptake and three SNs were excised, each with counts >10% 

of the hottest SN in the basin.  

   

Time required for preoperative 20 cm MGC survey: The average time required for preoperative 

20 cm MGC survey for seventeen out of twenty patients was 10.4 minutes per patient (range 2 - 

29 minutes, σ = 6.3 minutes) with an average of 5.6 images per patient (range 3 - 12, σ = 2.5). The 

imaging times for the three remaining patients were not recorded at the time of the preoperative 

imaging. Time required to image those with trunk melanoma averaged 12.3 minutes compared to 



Manuscript  

12 
 

those with extremity melanoma (7.8 minutes), without significant difference. More images were 

required in those with melanoma of the trunk (7 vs. 4.1 images per patient). The longest imaging 

session was in a patient with perianal melanoma, in whom imaging took 29 minutes, with 9 images 

due to the need to reposition both patient and camera multiple times. Each image was obtained in 

30-60 seconds however. It should be noted that difficulty in manipulating the gantry arm of the 20 

cm MGC may have contributed to increased preoperative imaging time. This difficulty was mainly 

due to higher than expected physical effort required to manipulate the controls for the pneumatic 

assistance for the gantry arm. Late in the study, this difficulty was alleviated with adjustment of 

the controls for more sensitive input.    

 

Operator opinion on value and logistical ease of process:  A seven question “grading of logistics” 

questionnaire was administered to the study surgeon following completion of 19 or the 20 cases.  

Answers were given on a scale from 1 (outstanding) to 9 (prevented completion of the case).  

Overall logistic ease of the process received a mean score of 2.8 (range 1 to 8).  Regarding the 20 

cm MGC, speed of node detection and value for identifying nodes preoperatively received mean 

scores of 1.7 (range 1 to 7) and 1.1 (range 1 to 2) respectively.  The mean score for preoperative 

positioning of the 20 cm MGC was less favorable, with a mean of 4 (range 1 to 8).  Specific note 

was made of the difficulty in manipulating the gantry arm of the 20 cm MGC, which influenced 

that device’s logistic score, and increased the time needed for preoperative imaging.  In contrast, 

the 6 cm MGC received an average score of 1.3 (range 1 to 3) for positioning intraoperatively, 

with average scores of 2.8 (range 1 to 8) for speed of node detection and 3.2 (range 1-8) for 

identifying residual nodes intraoperatively.  Regarding the 6 cm MGC, logistic scores were poorer 

prior to the introduction of binning algorithms and persistence mode (n=3) (described in detail in 
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the ‘Mobile gamma cameras (MGC)’ portion of the Materials and Methods section) compared to 

after introduction of these features (n=16) in the categories of speed of node detection patients 

(average 8 vs. 1.8) and value for identifying residual nodes (7.3 vs. 2.3).  

 

Clinical scenarios where MGC provided additional clinically useful information:  In addition to 

correct determination of the operative plan in all patients, use of preoperative and intraoperative 

MGC imaging provided additional clinical information in 5 of 20 participants (25%, Table 1), 

either to enable more accurate localization of SLN (2) or to avoid unnecessary dissection (3).  For 

example, in the case of participant #18, the gamma probe initially missed a cluster of three lymph 

nodes in the lower axilla, noted to be more inferior than is typical in axillary nodal anatomy.  These 

nodes were detected by intraoperative imaging with the 6cm MGC, and then in fact met criteria 

by the probe and were excised.  One of these three nodes contained a metastatic deposit (Table 1).  

In another example, the FGC identified an epitrochlear node which was not seen on MGC 

preoperatively, with probe confirmation, this was determined to be intransit pooling and not a true 

SN. No incision was made at the participant’s epitrochlear site (Table 1).  

 

DISCUSSION 

The current study assessed the feasibility of using a MGC to identify SLN basins independent of 

conventional lymphoscintigraphy and using this information to establish an operative plan.  In this 

series of 20 patients, the operative plan as determined by preoperative MGC survey was confirmed 

after unblinding the investigator to conventional lymphoscintigraphy data in every case. 

Furthermore, preoperative 20 cm MGC survey was slightly more sensitive in identifying individual 

hotspots than the FGC images. The mean time for the preoperative imaging using this MGC was 
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less than 10 minutes. This data indicate that use of a wide field-of-view MGC is adequate for 

identification of nodal basins in the immediate preoperative setting for SLNB. Thus, it may be 

feasible to perform SLNB in an operating room without the need for a separate visit to the nuclear 

medicine suite. 

The coordination between operating room schedules and nuclear medicine is not trivial, 

and delays may result in wasted resources in either area. Treatment in locations remote from each 

other places an unnecessary burden on the patients undergoing this procedure. The use of wide 

field-of-view MGCs independent of FGC presents a way to consolidate this process in one 

location. One can imagine a process whereby patients would present to the pre-surgical area of an 

operating room for injection with radioactive tracer, followed by serial imaging using a portable 

wide-FOV gamma camera until SLNs were located. Focal uptake consistent with identification of 

the SLN using technetium-99m labeled sulfur-colloid has been demonstrated within 20 minutes in 

up to 76% of patients, with localization in 100% by 1 hour [14]. Such a timescale would be 

consistent with the interval during which patients typically undergo preoperative preparation for 

surgery, and thus would not likely pose a significant risk of operative delay.   

SLNB using MGCs has been studied in other settings, most notably in breast cancer.  

Radionuclide transit time in lymphoscintigraphy for breast cancer has been demonstrated to be 

shorter than for melanoma, with localization within 2 minutes in 73% of patients [15] providing a 

strong rationale for the use of preoperative MGC survey in place of conventional FGC based 

lymphoscintigraphy. In a study of 52 breast cancer patients undergoing both conventional 

lymphoscintigraphy and preoperative MGC survey, the MGC survey was found to have a lower 

yield of node localization compared with conventional fixed gamma camera (FGC) images; 

however, this difference was not significant if shielding of the injection site was employed (95% 
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vs. 88% p=0.25) [10]. The authors of that study concluded that sensitivity of their MGC system 

(Sentinella, from Oncovision, arm-mounted 18 cm above the breast surface and using 4 mm 

diameter pinhole collimation) may be improved with alternative positioning or alternative 

collimation techniques (using diverging rather than pinhole collimation). That study did not 

include pathologic status of the nodes excised; thus, the clinical significance of the excess nodes 

detected by conventional lymphoscintigraphy is not known. A second study of SLNB in 138 

evaluable breast cancer patients used a handheld MGC with 4 cm diameter FOV and parallel hole 

collimation. The study compared MGC to conventional lymphoscintigraphy performed by 

separate operators blinded to each other’s results, and demonstrated non-inferiority of preoperative 

MGC survey [9]. Such studies support the feasibility of single-location SLNB in breast cancer; 

however, the MGC technologies used were different in each case and neither utilized the combined 

large field-of-view device used our study. Mobile gamma devices have also been studied for the 

localization of parathyroid adenomas [16], lymph nodes in urologic malignancies [17], and other 

cutaneous malignancies [5]. With sufficient surgical volume, hybrid operating rooms with 

oncologic-specific imaging may become advantageous, as they have in the treatment of 

cardiovascular disease [18]. 

A secondary goal of this study was to assess potential benefits of intraoperative use of a 

new handheld round 6 cm MGC during the performance of SLNB and to refine such devices for 

use in SLNB.  Previous work at our institution has found clinical benefit with intraoperative use 

of a square 13 cm x 13 cm field-of-view MGC in 25% of patients undergoing SLNB [8].  Other 

prior studies of MGC for SLN localization in melanoma have been performed, all of which support 

the value of this approach. The largest was in 60 patients with skin malignancies, including 38 

melanomas, which found that the MGC identified all the SLNs detected by SPECT/CT, but it does 
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not appear that any effort was made to test the value of the MGC in a manner blinded to the 

preoperative imaging [5]. Additional nodes were found in 25% of the patients on that study, two 

of which had metastases. These and other prior studies in melanoma have used gantry-mounted 

devices. Though there are some advantages to the hands-free operation of such devices, they are 

slightly limited in their ability to obtain oblique views and views deep within body contours, such 

as in the axilla or in the neck. Newer scintillator crystals and MPPC technologies have allowed the 

creation of very compact, low weight devices such as the 6 cm MGC used in this study, which 

may be operated in the hand-held configuration. As demonstrated by the initial logistic assessment 

scores, the smaller 6 cm MGC was not initially well received by the study surgeon, likely due to 

the small field-of-view. However, incremental improvements increased the perceived utility of this 

device. In particular, the “persistence mode” which allowed near-real time imaging, mitigated the 

disadvantage inherent to the small field-of-view, and was instrumental in the clinical benefit 

demonstrated in participant 18, where the persistence mode directed attention to a nodal group 

containing metastatic disease, which was initially missed on the gamma probe survey.   

SPECT/CT is also used as an adjunct to conventional lymphoscintigraphy to lower the 

false-negative rate associated with SLNB and to improve anatomic localization.  SPECT/CT has 

been shown to be particularly beneficial for SLNB for head and neck melanoma, where more 

precise anatomic characterization has proven cost-effective due to an increase in the proportion of 

cases feasible under local anesthesia [19]. In addition, in at least one large series, a decrease in the 

false negative rate of SLNB was reported after adding SPECT/CT for patients with 

lymphoscintigraphy images that were difficult to interpret. This suggests a possible benefit in 

select patients, such as those in whom lymphatic drainage patterns may be uncertain due to the 

location of their melanoma [4]. Studies in unselected melanoma patients undergoing SLNB have 
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demonstrated changes in surgical decision-making in 29-35% of patients due to addition of 

SPECT/CT [20-21]. However, the addition of SPECT/CT is associated with added radiation 

exposure [22] and added cost [20]. Radiation exposure from CTs increases the risk of future cancer 

[23-24]; so for staging of patients with high probability of surgical cure, SPECT/CT may not be 

justified, and may be clinically harmful.   

An advantage of the MGC that is not available with FGC or SPECT/CT is the ability to 

use it intraoperatively to image sentinel nodes after excision of the injection site and after excision 

of each sentinel node as a way to determine if all the sentinel nodes have been removed.  

There are several limitations to the current study.  The study includes only 20 patients, but 

the findings support and extend the findings of our prior work in 20 preceding patients [8]. Also, 

the present study does not include head and neck patients, but prior work supports the value of 

MGC in those patients [6]. The MGCs studied are prototypes, thus limiting the generalizability of 

our study and decreasing the broad applicability of our logistics scores. Nonetheless, the overall 

logistic scores were quite favorable, and we demonstrated ability to overcome some limitation in 

operating the MGCs, such as addressing the camera positioning difficulty of the 20 cm MGC by 

the end of the study. Also, direct comparisons between the MGC and the gamma probe cannot be 

made in this study due to the fluid process of incorporating intraoperative use of the MGC; 

additionally, the number of patients in this cohort is too low to reach statistically significant 

conclusions given already high identification rates with standard techniques. Furthermore, in the 

case where the MGC indicated a group of nodes containing a metastatic node missed on initial 

gamma probe survey, we do not claim that the MGC identified nodes that the gamma probe missed, 

merely that it directed our attention to this area. We cannot rule out that the gamma probe wouldn’t 

have found these nodes at some point during the operation. Finally, there is an inherent temporal 
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discrepancy between FGC imaging and our preoperative MGC survey. It is possible that some of 

the benefit seen with regards to increased sensitivity for individual hotspots by the MGC may be 

a result of increased transit time of the radioactive tracer.  However, these data support work with 

a MGC in breast cancer patients [9-10], suggesting that preoperative MGC imaging can replace 

FGC imaging. 

In summary, our data support the feasibility and accuracy of large field-of-view MGCs in 

detecting lymph node basins containing SLNs. Such an imaging system may be able to replace 

conventional lymphoscintigraphy using FGCs, making it reasonable to combine lymphatic 

mapping and sentinel node biopsy in the surgical suite. In addition, intraoperative use with a 

smaller hand-held MGC with near real-time imaging can enhance identification and localization 

of sentinel nodes that adds value for about 25% of patients. Though the 6 cm MGC has ergonomic 

advantages, prior intraoperative use of a 13 cm MGC provided benefit in a similar proportion of 

patients, providing increased evidence for the clinical benefit of intraoperative imaging with a 

MGC, without any added radiation risk.  
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Participant 
number 

Description of additional clinically relevant information 

Identification of SLN missed with FGC or Gamma Probe 

7 A single hotspot was localized with FGC images; however pre-operative 
survey with 20 MGC localized 2 additional hotspots in the same lymph 
node basin found to be compatible with SLNs at excision. 

18 Intra-operative use of the MGC “persistence mode” found a group of 
nodes in the inferior axilla that was not detected on initial gamma probe 
survey.  This group of nodes was found to harbor a metastatic node. Other 
metastatic nodes were found by gamma probe in this patient.   

Avoiding unnecessary surgery 

11 After removal of four nodes which met criteria as SLNs, the bed count 
continued to be >10% of the hottest node.  Multiple weak hotspots were 
viewed with the 6 cm MGC.  Examination of the energy scatter plot 
window on the viewer demonstrated the lack of a well-defined peak in 
expected energy for technetium-99.  Thus the residual activity was 
determined to be consistent with scatter rather than true SLNs, and the 
case was considered complete, sparing the patient unnecessary 
dissection and node excisions.   

13 FGC and pre-operative MGC survey identified 4 hotspots in the inguinal or 
iliac region.  Intra-operatively, 3 inguinal nodes were found with a fourth 
demonstrated on MGC images to be an iliac node, which would not be 
excised given local practice guidelines.  Using the gamma probe, the 
study surgeon felt that the fourth node may also be inguinal, but higher 
than the others.  A second incision was made superior to the first, but no 
further inguinal node was found on exploration, confirming MGC-derived 
information.   

16 A hotspot was noted in the antecubital fossa on FGC by radiology staff.  
This was not seen on pre-operative or intra-operative MGC images, nor 
was it appreciated by use of the gamma probe, and all SLNs found were 
from the ipsilateral axilla.   

 

Table 1: Description of clinical cases for which surgeon reported MGC imaging provided clinical 

useful information  
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A                                                          B 

    
 

Figure 1: Mobile Gamma Cameras:  20 cm field-of-view MGC (A) and the 6 cm MGC pictured 

in hand-held operation with excised node (B).   
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Figure 2: Example of Persistence Mode.  A screenshot demonstrating static mode with 5x5 pixel 

binning (right) and persistence mode with 10x10 pixel binning (left) with energy spectra 

(bottom).   
 
 
 

 
 
 
  



Tables and figures  

26 
 

 
 

 
 

Figure 3: Examples of Binning.  An image of three phantom hot-spots demonstrating no binning, 

3 x 3 binning, 5 x 5 binning, and 10 x 10 binning (left to right).    
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Figure 4:  Schematic representation of the study protocol.   
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Figure 5: Comparison of FGC and MGC images in patient with perianal injection site and lymph 

nodes localized to right groin.  FGC anterior view of lower torso and pelvis (A), as well as focused 

views of localized right inguinal lymph nodes by the FGC (B), 20 cm MGC (C), and intraoperative 

6 cm MGC (D).   
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