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The aim of this study was to evaluate the ability of a prototype
intraoperative mini g-camera, the CarolIReS, with a 50 · 50 mm
field of view, to precisely localize sentinel lymph nodes (SLNs)
and to determine their depth in a series of patients with infiltrative
breast cancer requiring SLN excision. Methods: With the use of
phantoms, the broadness of the signal of an acquired projection
was shown to linearly depend on its distance from the collimator.
A preclinical ex vivo study of 25 excised SLNs demonstrated
that SLN size did not influence depth estimation. The minimum
activity threshold for successful use of the proposed method
was determined. After a preoperative radioisotope injection
and lymphoscintigraphy, the SLN was localized in a series of
11 patients using both the mini g-camera and a g-probe. During
surgery, a ruler was used to measure the depth of all SLNs before
their excision. Results: Using the measured linear dependence
of image broadness, we found that the expected SLN anatomic
depth was compatible with its measured depth during surgery.
Conclusion: This study showed that the mini g-camera effi-
ciently estimated the location of SLNs in 3 dimensions.
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Most types of lymphophile cancers require assessment
of regional lymph nodes for staging the tumor, determining
prognosis, and devising therapeutic strategies. Complete
lymph node dissections are frequently associated with sig-
nificant morbidity. Combining diagnostic advantages with
decreased morbidity (1,2), the sentinel lymph node (SLN)
procedure represents one of the most recent advances in
surgical oncology. It consists of the identification and

removal of SLNs, which are lymph nodes that receive
lymphatic drainage directly from the primary tumor. The
SLN procedure is now a widely accepted method of lymph
node staging for selected cases of invasive breast cancer
(3,4) and cutaneous melanoma (5). The concept is also being
evaluated in numerous other types of cancer, including
pelvic gynecologic (vulval, cervical, and endometrial) (6–9),
prostate (10), colon (11), gastric (12) and thyroid (13)
cancer. In all cases, successful adaptation of the SLN pro-
cedure implies that the operator has a high identification
rate and a low false-negative rate. For SLN identification, in
addition to the peroperative injection of a blue dye, a
99mTc-radiomarked colloidal solution is generally injected
the day before or the day of the surgery and 2 planar scin-
tigraphic images are taken in a nuclear medicine depart-
ment. In a recent metaanalysis (14) including 69 trials and
8,059 patients with low-risk breast cancer, the proportion of
patients with successfully mapped SLNs ranged from 41%
to 100%, with more than 50% of the studies reporting a rate
under 90%. The false-negative rate ranged from 0% to
29%, averaging 7.3% overall. Significant inverse correla-
tions were observed between the false-negative rate and the
proportion of patients with successfully mapped SLNs
(r 5 20.32; P 5 0.009).

Another recent study compared preoperative lympho-
scintigraphy and intraoperative g-probe detection in a series
of 823 breast cancer patients who underwent the SLN pro-
cedure based on lymphoscintigraphy and blue dye, followed
by complete axillary dissection. Preoperative lymphoscin-
tigraphy revealed the SLN in 72% of the 823 patients imaged.
In this case, the SLN was identified intraoperatively in 98%
of patients using an intraoperative probe and blue dye, with a
false-negative rate of 7%. Of patients for whom the SLN had
not been visualized on preoperative lymphoscintigraphy, the
SLN was identified during surgery in 90%, with the same
false-negative rate of 7% (15).

However, even though SLNs can successfully be identi-
fied in most patients for whom the SLN is not visualized on
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lymphoscintigraphy, the use of lymphoscintigraphic images
and skin markings during the SLN procedure appears to
improve morbidity outcomes over the use of either the
probe or the dye alone (16). These results are extremely
pertinent, because the main reason for performing the SLN
procedure is to reduce morbidity (16).

It is well known that the mean detection efficiency of a
conventional g-camera is about 85% and that additional
SLNs are found during surgery with the help of a handheld
g-probe. Nevertheless, there are no well-defined criteria to
prove that the SLN detection was complete.

Because of the relatively low SLN detection efficiency and
poor localization information given by conventional lym-
phoscintigraphy, a prototype intraoperative mini g-camera,
the CarolIReS, with a field of view (FOV) of 50 · 50 mm2,
was designed and built at the Institut Pluridisciplinaire
Hubert Curien to improve both detection efficiency and
localization of SLNs before surgery (17). This device is
intended for intraoperative use as an additional tool to
facilitate the search for SLNs, thus decreasing the false-
negative rate and postoperative morbidity. It will not replace
intraoperative probes. This clinical report focuses on the
ability of the detector to estimate the anatomic depth of
SLNs, in addition to precisely localizing them with respect to
the axillary area.

MATERIALS AND METHODS

Materials
A detailed technical description of the mini g-camera has been

published previously (17). Figure 1A shows how the device is
used in the surgical room. The device is based on the use of a lead
parallel collimator, a thin cerium-doped gadolinium orthosilicate
(Gd2SiO5:Ce) scintillating crystal (Hitachi Chemical Co. Ltd.),
and an H8500 multianode photomultiplier tube (Hamamatsu) and

its associated electronics (18). The main characteristics of this
device are given in Table 1. The measured intrinsic spatial re-
solution is 3 mm, and the spatial resolution is 10 mm for a source
located 30 mm from the entrance of the collimator. The energy
resolution is 45% of the full width at half maximum (FWHM), at
122 keV (17).

Taking into account the geometric efficiency of the collimator
(2.3 · 1023) and the 85% conversion probability of the 2-mm-
thick scintillating crystal, the sensitivity of the mini g-camera is
equal to 1 cps�kBq21 for the 99mTc 140-keV g-ray.

Scintigraphic Method
To image an SLN at a known distance, we designed a phantom

consisting of an acrylic glass block (95 · 95 · 60 mm3) with a cen-
tered hole 27 mm in diameter and 28 mm in length. This device was
positioned in front of the g-camera to center the hole in the FOV
(Fig. 1B). Immediately after resection of the SLN, it was inserted
into this hole and data were acquired for 2 min to image the isolated
SLN at the bottom of the hole. The SLN dimensions were measured
by the pathologist before examination of frozen sections.

Patients and SLN Method
Eleven patients with infiltrative breast cancer (diagnosed pre-

operatively by core biopsy) and a mean age of 55 y (range, 39–72 y)
were enrolled in the study (19). The patients had no prior chemo-
therapy, locoregional radiotherapy, or prevalent axillary lymph node,
and all patients gave informed consent.

The SLN procedure was initiated the day before surgery using
a preoperative 0.1-mL intradermal injection of rhenium sulfur
(19–24 MBq of colloidal 99mTc, Nanocis; Oris) at the 4 cardinal
points in the subareolar region. Lymphoscintigraphy with a con-
ventional g-camera (anterior and 45� oblique views) was performed
in the nuclear medicine department 3 h after the injections. The
patient was on the radiologic bed, with the arm in abduction at 90�.

Afterward, the axillary area was explored a second time using
the mini g-camera. Because of its 50 · 50 mm2 FOV, 4 images
were required to map the entire axillary area (100 · 100 mm2)

FIGURE 1. Photographs of intraopera-
tive mini g-camera (A) and of the clear
acrylic blocks placed for preclinical study
of SLN depth (B).

TABLE 1
Main Characteristics of Mini g-Camera Prototype

Generalities Lead parallel collimator

Inorganic scintillating crystal

(cerium-doped gadolinium
orthosilicate)

Total
weight

(g)

Total
volume

(mm)

FOV

(mm)

Detection efficiency
140-keV g-rays

(cps�kBq21)

Thickness

(mm)

Hole
diameter

(mm)

Septa

(mm)

Density

(g�cm-3)

Decay
time

(ns)

Thickness

(mm)

2,490 78 · 78 · 275 50 · 50 1.0 10.0 2.0 0.2 6.71 40 2.0
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with the patient in the operative position (the arm in abduction at
80�). Data acquisition for each image required 2 min.

During surgery, the SLN was located with the aid of the
CarolIReS intraoperative probe (20), and its depth was measured
using a surgical ruler (Aspen Surgical) before resection. The depth
was defined as the perpendicular distance from the center of the
SLN to the skin surface, with an estimated error of 5 mm. The
activity of the SLN was measured using a g-counter immediately
after its resection (20), and standard frozen sections were then
prepared for histopathologic analysis. The axillary node was
completely cleared only if the SLN had metastatic involvement.

RESULTS

The initial studies were performed using 5 phantoms
with activities ranging from 10 to 36 kBq of 57Co (122-keV

g-rays) to test the validity of the method. These phantoms
were positioned at 7 distances (dc) from the collimator by
putting various numbers of 10-mm-thick clear acrylic
plates in front of the mini g-camera. Clear acrylic plates
were chosen to simulate the diffusion of g-rays in human
tissue. The x- and y-coordinates of the interaction point of
the g-ray in the crystal were calculated as the center of
gravity of the fired multianode photomultiplier tube cells
(17). For each distance dc, 2 profiles were obtained by
integrating the data in both directions (x and y). Each
profile was fitted by the sum of a constant value represent-
ing the flat background contribution and a gaussian curve as
illustrated in Figure 2 for 4 different distances. The vari-
ation in the FWHM (calculated using the SD of the gauss-
ian distribution) in both profiles is presented in Figure 3, as

FIGURE 2. Profiles on 1 coordinate axis
of image of 35.7-kBq 57Co pointlike
source at 4 collimator distances (dc 5 5,
25, 45, and 65 mm). Data are fitted by
sum of constant and gaussian function
(superimposed curve).

FIGURE 3. Linear variation of FWHM
(obtained by fitting procedure defined in
Fig. 2) vs. distance dc, from collimator, of
5 different activity pointlike 57Co sources.
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well as the least squared fit of a straight line. The relation-
ship between the FWHM and the distance dc, where the x
and y data are combined, is given by FWHM (mm) 5 (0.15 6

0.02)�dc (mm) 1 (6.5 6 0.5 mm), with an r value of 0.98. As
expected, the relationship did not depend on the phantom
activity and was on the order of 1.5 mm per 10 mm of dis-
tance from the collimator, with an offset of 6.5 mm, which is
the spatial resolution of the system for a dc of 0 mm.

Preclinical Study

This study was performed to evaluate the effects of SLN
size and activity on the determination of its depth. The

method was applied to a sample of 56 fresh SLNs posi-
tioned 32 mm from the collimator at the bottom of the hole
of the device (Fig. 1B). The SLN size ((p�long axis�short
axis)/4) is given as the ellipsoidal cross-section surface in
square millimeters calculated with the 2 measured axes
(12.4 6 6.5 mm and 7.4 6 3.6 mm on average for the long
axis and the short axis, respectively). SLN activity and size
did not correlate, as is shown in Figure 4A (r 5 0.12).
Figures 4B and 4C present the distributions of the mea-
sured activity and the size of the 56 SLN samples. No
correlation was found between the FWHM calculated
from the profiles and the SLN size (r 5 0.09). In other
words, it was impossible to extract a contribution to the
width of the profiles coming from a distribution of the
radioactivity inside the SLN. The estimated distance dp

obtained by the method defined by the phantom study is
shown in Figure 5. This was possible only for a subsample
of 25 SLNs (23 for both profiles and 2 for one profile
only). The data gave a gaussian curve with mean values of
39.9 mm for dp and 11.5 mm for sdp. The predicted distance
dp appears an overestimation, compared with the experimen-
tally fixed value of 32 mm. Taking into account the 10-mm
mean value of 2 SLN axis lengths, this result is compatible
with the distance from the SLN center to the collimator. The
red part of Figures 4B and 4C represents, respectively, the
activity and the size of the 25-SLN subsample. At SLN
activity values below 2 kBq (Fig. 4B), the calculation fails
mainly because of a poor signal-to-noise ratio. Above a
2-kBq activity threshold, the efficiency of the method is
evaluated to be 86% 6 23%, independent of the SLN size
(Fig. 4C).

Clinical Study

The final analysis of the removed breast lesions revealed
an infiltrative ductal carcinoma in 7 cases and an infiltrative
lobular carcinoma in 4 cases, with an average size of
15 mm (range, 2–27 mm). Fourteen SLNs were detected

FIGURE 4. (A) Plot of activity vs. size for ex vivo measure-
ments of 56 SLNs. (B and C) Distribution of activity (B) and size
(C) for sample of 56 SLNs with successful (red) and unsuc-
cessful (blue) determination of their depth.

FIGURE 5. Distribution of estimated distance dp between SLN
and collimator for subsample of 25 SLNs. Data are fitted by
gaussian function (superimposed curve).
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by conventional lymphoscintigraphy and 16 by the mini
g-camera. The complete SLN procedure allowed the de-
tection of 20 SLNs with a mean of 1.8 (range, 1–3) per
patient. Four involved SLNs were detected in 3 patients
who subsequently underwent complete axillary clearance
(Table 2).

Figure 6 compares a conventional lymphoscintigraphy
image with an image from the mini g-camera.

The linear dependence of the FWHM on the source
distance was applied to data obtained with the mini
g-camera. By measuring the broadness of the image, which
depends on the distance of the SLN from the collimator
entrance, we could predict the depth of the SLN in the
axillary area. The results concerning the expected depth
(given, respectively, by the x and y profiles) of 12 SLNs are
summarized in Table 2. Because the required information
was not fully contained in the 50 · 50 mm2 FOV of the
current prototype of the mini g-camera, our technique
could not be applied to the total imaged sample of SLNs.
For 4 of them, the information required to obtain useful
profiles was only partially contained in the image (at a
corner of the FOV). When a difference existed between the
2 expected depths, the mean value was used to determine
the correlation between the predicted (dp 6 11.5 mm) and
the measured (dm 6 5 mm) SLN depths, as presented in
Figure 7. A straight line fit gives the following result: dp

(mm) 5 (0.5 6 0.2)�dm (mm) 1 (24 6 9 mm), with an r
value of 0.76.

DISCUSSION

In our clinical series, the proportion of patients with suc-
cessfully mapped SLNs was 64% (7/11). In 4 cases, conven-
tional lymphoscintigraphy did not show the totality of the
SLNs. Only 14 of 20 SLNs were visualized on conventional
lymphoscintigraphy (70% efficiency). On the day of the
injection, use of the mini g-camera allowed detection of 2
additional SLNs. In 3 cases, the total number of SLNs was not
detected preoperatively by conventional lymphoscintigraphy
or by the mini g-camera. There are probably several explana-
tions. First, the pictures were obtained the day before surgery,
and lymphatic drainage had perhaps not been completed. In
some cases, SLNs were too closely situated for the spatial
resolution of the imaging device. The low SLN detection
efficiency of the mini g-camera (80%) could also be explained
by the limited FOV. The 4 data acquisitions obtained by moving
the mini g-camera did not ensure that the entire axillary area
was covered (it was difficult to take precisely consecutive and
joint images to obtain the 100 · 100 mm2 full image).

Our preclinical study demonstrated that SLN depth was
estimated efficiently only when the SLN activity was
greater than 2 kBq for a 2-min data acquisition. This
limitation is significant if the images are to be obtained just

TABLE 2
Summary of Patient Characteristics and SLN Analysis (Size, Activity, Depth, Pathologic Analysis)

Patient
no.

Age
(y)

Cancer
type

Tumor

size
(mm)

Injected

dose
(MBq)

Conventional

g-camera
SLN (n)

Mini

g-camera
SLN (n)

Surgery

SLN
(n)

SLN

size
(mm)

SLN

activity
(kBq)*

Camera

depth
(mm)y

Surgery

depth
(mm)z

Pathologic
analysis§

1 66 Ductal 11 24 2 2 2 15 · 10 65 23–47 45 pN0

10 · 4 19 34–50 55 pN0

2 68 Ductal 2 20 1 1 1 15 · 10 26 26–45 45 pN0
3 40 Ductal 10 24 1 1 2 17 · 12 44 33–59 15 pN0

10 · 6 8 — 20 pN0

4 50 Ductal 27 21 2 2 2 10 · 5 6 32–36 25 pN0
15 · 8 20 — 20 pN1

5 68 Lobular 26 24 2 2 3 10 · 5 30 36–78 50 pN0

25 · 15 30 — 35 pN1

10 · 5 22 — 35 pN0
6 51 Lobular 15 24 1 2 3 15 · 8 38 20–45 35 pN0

10 · 4 31 — 20 pN0

16 · 10 28 — 20 pN0

7 47 Ductal 10 24 1 1 1 25 · 16 55 36–42 35 pN0
8 45 Ductal 12 24 1 1 1 20 · 20 70 62–67 75 pN0

9 72 Ductal 15 24 1 1 1 15 · 15 124 56–56 55 pN0

10 39 Lobular 15 24 1 1 1 18 · 10 44 52–56 55 pN0
10 · 6 47 58–75 85 pN1

11 58 Lobular 24 19 1 2 3 20 · 12 5 — 60 pN1

6 · 4 4 — 40 pN0

*Estimation of remaining activity of SLN taking into account geometric detection efficiency of g-counter.
yEstimation of SLN depth using information given by FWHM of fitted gaussian curves on mini g-camera image profiles. (— 5

immeasurable because required information was not fully contained in 50 · 50 mm2 FOV).
zSLN depth measured with ruler during surgery.
§Union Internationale Contre le Cancer classification pTNM.
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before surgery, when an injection on the order of 20 MBq
of radiocolloid takes place the day before the surgery. The
efficiency of the method can be improved if the image
acquired by the mini g-camera is obtained after injection,
with a time delay that has to be experimentally determined.

A new clinical trial to compare the performance of conven-
tional lymphoscintigraphy with that of a mini g-camera
having a FOVof 100 · 100 mm will begin this year. It is still
too early to propose replacing conventional g-cameras with
intraoperative mini g-cameras.

A simple comparison between probe and mini g-camera
and between conventional g-camera and mini g-camera in
terms of sensitivity is not relevant to their classification

because of their different goals. For example, the sensitivities
of the devices used in our study are 0.1, 1.0, and 10.0
cps�kBq21 for the conventional g-camera, the mini g-camera,
and the g-probe, respectively. In addition, those numbers have
to be related to the respective FOVs: 400 · 500, 50 · 50, and
12 mm2. Because of the small number of patients in our series,
we could not significantly demonstrate that the mini g-camera
was better than the conventional g-camera, but the possibility
of using the mini g-camera before, during, and after surgery is
a huge advantage.

Our clinical series demonstrates a strong correlation
between the predicted and measured depths of SLNs. It is
crucial to know the precise number of SLNs present and to
locate them in 3 dimensions. This knowledge improves SLN
identification, avoids the removal of other lymph nodes, and
may reduce hospitalization time.

CONCLUSION

Our study showed that the mini g-camera is well adapted
to SLN localization and efficiently estimates SLN depth.
With the 100 · 100 mm2 FOV device under construction,
the full axillary area will be covered, improving the
efficiency of SLN detection. As a means of quality control
and to help decrease the false-negative rate, a postoperative
scintigraphic image can be acquired to prove that no SLNs
remain after surgery.
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