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Chapter 7 — A new portable hybrid camera for fused imaging

Abstract

Purpose

Although portable gamma cameras (PGCs) have been helpful to depict sentinel
nodes (SNs), sometimes nuclear physicians or surgeons have difficulties to
interpret PGC images due to the lack of anatomical information. The aim of
the present study was to develop and clinically test the prototype of a new
portable hybrid camera (PHC) which adds optical to y-imaging.

Methods

In two hospitals, the existing PGC (Sentinella S102; Oncovision) was upgraded
with an optical module (BB2-0852C-25; Point Grey Research) to build a PHC.
Preoperative PHC overview images (positioned at 15 cm distance) and close-up
image (position at <5 cm distance) were obtained from 25 patients (12 melanoma,
2 oral cavity, 11 breast cancer) after conventional lymphoscintigraphy. Errors in
the optical image co-registration were evaluated with a 5 mm accuracy for each
patient.

Results
Conventional lymphoscintigraphy and the close-up PHC images depicted 55
SNs in total. In the PHC overview images, the optical module offered fused
optical and y-imaging indicating the image field of view and anatomical SN
locations. Average optical image co-registration errors were 1.0 cm (range
0-2.0 cm).

Conclusions

Fused optical and y-imaging with the prototype PHC is technically feasible
and helpful for the image interpretation. The optical image visualizes the
y-image field of view, enabling SN localization in an anatomical context in a
preoperative setting; however, for the operating room the use of its optical
component needs to be additionally adjusted.
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Introduction

Dedicated small portable gamma cameras (PGCs) have increasingly been
incorporated in radioguided surgery [1]. These systems assist the surgeon in
localizing sentinel nodes (SNs) or other target tissues. A few years ago, a high-
resolution PGC was introduced in our hospitals to guide SN harvesting and
to confirm removal of all SNs. This PGC is fitted with a pinhole collimator,
thus displaying a field of view directly related to the collimator-to-imaging-
plane distance. Although various advantages have been described with this
system in diverse clinical scenarios [2-4], there are still some limitations. First of
all, the image field of view can only be estimated during the procedure since
precise spatial information is lacking. Secondly, and more importantly, PGCs
can only generate y-imaging. Up until now, all commercially dedicated PGCs
have been based on just this single imaging modality with a lack of anatomical
information during the acquisition, which hampers image interpretation.

In order to overcome these limitations, a prototype portable hybrid camera
(PHC) that combines optical and y-imaging into a coordinated one-screen
display was designed and built. In this feasibility study, we present the use of
the PHC for SN detection in several clinical scenarios.

Materials and methods

System description

The prototype PHC consists of a PGC and an optical module constituted
by two cameras, the left optical camera (OC) and the right optical camera
(OC), which are fixated in parallel configuration on a mechanical arm that is
mounted in a mobile support system (Fig. 1). The system’s design is based on
the commercially available PGC (Sentinella 102; Oncovision) combined with an
optical stereo-camera module (BB2-0852C-25; Point Grey Research). Briefly,
the PGC is provided with a 40x40x4 mm Csl(Na) continuous scintillating crystal
and a position-sensitive photomultiplier tube. The PGC is equipped with a
4-mm pinhole collimator displaying an image field of view of 4x4 cm when the
distance to the imaging plane is 3 cm, and 20x20 cm when the collimator is
placed at a distance of 15 cm. The intrinsic spatial resolution of the camera is
1.8 mm, and the extrinsic spatial resolution is 7 and 21 mm for distances of 3
and 15 cm, respectively. More technical details of this PGC were described by
Sénchez et al. [5]. The OC-module comprises two colour cameras (RGB 24 bits,
resolution 1032x776, 2.5 mm focal length, 67° angle of view) embedded in a
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rigid aluminium enclosure with a 12 cm baseline [6]. As illustrated in Figure 2,
the OC field of views cover the whole y-image field of view at collimator-to-
imaging-plane distances of 34 mm or higher.

System calibration

Before obtaining fused images, the PHC needs to be calibrated using a
calibration phantom. The calibration phantom consists of a lead plate, with
15 small holes, placed on top of a flat phantom filled with technetium-99m
to simulate 15 point sources (Fig. 3). First, the PHC was placed in 25 different
positions, facing the calibration phantom, while changing the distance and
orientation for each position. At each position, images were captured with both
OCs and the PGC. Next, the image coordinates (urlvr) of each hole in the OC,
image were linked to their matching image coordinates (u,v) in the OC,image.
From the two-dimensional image coordinates of those corresponding points,
the three-dimensional coordinates (X,Y,Z) are calculated. Since each hole was
also visualized by the PGC, those three-dimensional coordinates (X,Y,Z) could
be mathematically linked with their two-dimensional coordinates (x,y) in the
PGC image plane. Finally, this information was used to calculate the so-called
'homography transformation’ or ‘projective collineation’. The ‘homography
between two image planes’ states that there exists a relationship that transforms
two-dimensional coordinates of one image plane into the corresponding two-
dimensional coordinates of another image plane. In this system, the homography
transformation transfers points from one view (i.e. OC) to another view (i.e.
PGC) as if the object was optically imaged by the PGC. This principle only holds
if the spatial relation between PGC and the both OCs remains fixed.

After loading the calibration files, the PHC can automatically execute the
following steps. First, images with both OCs and an y-image are captured. The
OCs images are distorted by the wide angle lens. The camera calibration includes
distortion correction, which is performed by the commercial manufacturer. Next,
the two OC images are used to estimate the patient’s body contour. These three-
dimensional coordinates (X,Y,Z) are needed for the PHC system to calculate its
matching coordinates in both the PGC image plane (x,y) and OC image plane
(uv), see Figure 2. Finally, the part of the two-dimensional OC image that
overlaps with the y-image field of view is fused by applying the homography
transformation resulting in a fused two-dimensional hybrid image output on the
computer screen. This entire process takes 1-2 seconds, and subsequently, the
optical fusion is switched to video mode with a refresh rate of 2-4 fps.
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Figure 1 Portable hybrid camera. OC = right optical camera; OC, = left optical camera
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Figure 2 Schematic side view illustration of the portable hybrid camera configuration. The
image field of view from the optical cameras (OCs) cover the image field of view of the potable
gamma camera (PGC) upward of collimator-to-imaging-plane distances of 34 mm. The part
in the right OC image that matches with the GC image field of view, here highlighted in
bold, is cropped and projected onto the PGC image plane. As a result, the bold part of the
right optical image depicting the patient’s chest is fused with the Y-image obtained with
the PGC.
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Patients & imaging protocol

Institutional ethical committee approval to use the PGC was obtained in both
hospitals. In this study, our PGC was extended with an optical camera module.
Twenty-five patients (12 melanoma, 11 breast cancer, and 2 oral cavity cancer)
scheduled for a SN procedure were included after giving informed consent.
A dosage of 2.4-2.7 mCi “"Tc-Nanocolloid (Nanocoll; GE Healthcare) was
injected in 3-4 deposits in melanoma and in oral cavity cancer. In breast cancer,
1 deposit was given intratumorally. In all patients, static planar gamma camera
images were acquired 10 minutes post-injection (early) and 2-3 hours post-
injection (late). In the melanoma and oral cavity cancer groups, also dynamic
lymphoscintigraphy during 10 min immediately after injection and SPECT/CT
were performed. The anatomical locations of the SNs were marked on the skin
with a cobalt-57 source.

Immediately after the standard preoperative imaging protocol, the PHC was
positioned at an approximate distance of 15 cm. In the breast cancer patients
at least 3 images were performed (anterior, oblique and lateral). In melanoma
patients, the images were adapted depending on each case, with a minimum
of 3 scans, in supine position from the expected lymphatic drainage area. In
both oral cavity cancer patients, anterior, lateral left and right images were
made. Subsequently, close-up images at a distance of <5 cm were made from
all depicted hot spots, including the injection site. The PHC image acquisition
time was 1 minute for each image. SN visualization rates of the conventional
gamma camera and PHC were compared.

In addition, the accuracy of the optical image overlay was evaluated using
the laser pointer that is connected to the PGC. This laser pointer projects a
cross that demarks the center of the y-image field of view onto the patient's
body. A virtual cross mark is displayed on the computer screen in the y-image
center in order to correlate the location of the laser pointer with the location
in the y-image. The PHC was again positioned at a distance of 15 cm, but now
exactly with the laser pointer on top of each radioactive hot spot (SN location)
matching with the virtual cross mark on the computer screen. Thus, if the
optical image is perfectly fused with the y-image then the laser pointer cross
in the optical image would overlap with the virtual cross and radioactive hot
spot of the y-image on the computer screen. Any discrepancies between the
center of radioactivity (derived from the y-image) and the laser pointer (derived
from the optical image) were measured with a 5 mm accuracy using a ruler.
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Figure 3 Portable hybrid camera calibration set-up, using a calibration phantom (A), to obtain
image coordinates of 15 point sources, which are needed to calculate the homography
transformation for fused optical and y-imaging. Each hole was visualized by the portable
gamma camera (B), in the right optical camera image (C), and the left optical camera image (D).

Figure 4 Comparison of preoperative images. In a patient with breast cancer, oblique planar
lymphoscintigraphy (A) 2 h post-injection showed one sentinel node (SN) in the left axilla.
The portable hybrid camera was placed above the lymphatic field to obtain an overview
image at a distance of approximately 15 cm (B). Standard portable gamma camera imaging
showed the injection site (IS) and SN in the same relation to each other, but without any
anatomical references (C). Combined optical and Y-imaging visualized the image field of view
and anatomical SN location in the left axilla (D). In the fused image, the SN is visualized on
top of the red laser pointer cross indicating an accurate image fusion. Patient consented in
publication of these images.
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Results

Eighteen female subjects and seven male subjects were evaluated (mean age,
58 years; range, 27-83 years). Lymphoscintigraphy depicted 54 SNs in total
(Table 1). The overview PHC images, at approximately 15 c¢cm distance, of
the areas of expected lymphatic drainage showed 41 of the 54 SNs. Sentinel
nodes located near each other were depicted as one hot spot. Fused optical
and y-images offered easier interpretation compared with standard y-images,
allowing for identification of the field of view and anatomical SN locations
(Fig. 4). In the subsequent close-up images all 54 SNs and one additional SN
were depicted in the y-images, however, the optical image fusion failed for
collimator-to-imaging-plane distances smaller than 5 cm.

The evaluation of the image fusion accuracy between the center of
radioactivity and the location of the laser pointer showed an average error of
1.0 cm (range 0-2.0 cm) in all SN locations depicted in the overview images.

Discussion

Currently, the most used device for intraoperative SN localization is the hand-
held y-probe. However, y-probes present several limitations: i) it does not
provide image documentation for the medical record; ii) its usefulness is
dependent on correct probe positioning (i.e. highly operator-dependent),
iii) deep located SNs may be missed due to low count statistics as a result of
tissue attenuation, and iv) when SNs are located in close proximity to the
injection site, the high radioactive background signal may hamper intraoperative
radioguidance towards these SNs. To overcome these shortcomings, PGCs
have been incorporated to the SN procedure [7]. Previous studies indicate that
intraoperative PGC use allowed for the detection of additional SNs, which were
not detected by preoperative imaging and/or y-probes, suggesting that the use
of intraoperative imaging may reduce the false-negative detection rate [2, 3, 8].

The lack of anatomical information with commercially available PGCs might be
an important drawback for expanding its surgical use. Large conventional gamma
cameras use a radioactive flood phantom to visualize the patient’s body contour
on the preoperative lymphoscintigrams, which makes it easier for clinicians to
interpret the location of the SNs. One of the main advantages of PGCs is that
these systems enable obtaining intraoperative overview images to confirm
excision of all radioactive hot spots. Surgeons must relate the output image of
the PGC to the visible surface of the surgical field before proceeding with the SN
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Table 1 Preoperative SN Mapping Results

Patient Age Pathology  Primarytumor  No. SN visualizedon SN location #5N visualized in
location lymphoscintigraphy  (L=left and R=Right) portable hybrid
and/or SPECT/CT camera overview
(close-up) images
1 27 melanoma Left temporal 3 1SN pre-auricular (L) 3(4)
2 SNs neck level 5 (L)
2 83 melanoma Right side nose 4 1SN neck level 5 (R) 3(4)
3 SNs neck level 2 (R)
3 45 melanoma Right occipital 1 15N neck level 5 (R) (1)
4 40 melanoma Right side nose 3 1 SN pre-auricular (L) 1(3)

15N neck level 1 (L)
1SN neck level 2 (R)

5 63 melanoma Right ear 2 2 SNs neck level 2 (L) 1(2)

6 44 melanoma Right upper limb 2 2 SNs axilla level 1 (R) 1(2)

7 49 melanoma Interscapular 2 1SN axilla level 1 (L) 1(2)
15N axilla level 1 (R)

8 62 melanoma Right ear 3 2SNs pre-auricular (R) ~ 2(3)
1SN neck level 2 (R)

9 76 melanoma Left upper limb 2 2 SNs axilla level I (L) 2(2)

10 63 melanoma Left upper limh 3 25Ns axilla level | (L) 3(3)
1S N supraclavicular (L)

1 72 melanoma Right lumbar 4 2 SNs axilla level | (R) 3(4)
15N axilla level 2 (R)
15N groin (R)

12 65 melanoma Interscapular 2 1SN axilla level I (L) 2(2)
15N axilla level | (R)

13 60 breast cancer  Right U0Q 2 2 SNs axilla (R) 2(2)

14 58 breast cancer  Right U0Q 2 2 SNs axilla (R) 1(2)

15 53 breast cancer  Left U0Q 1 1SN axilla (L) 1(1)

16 65 breast cancer  Left U0Q 2 2 SNs axilla (L) 2(2)

17 67 breast cancer  Right U0Q 2 2 SNs axilla (R) 0(2)

18 65 breast cancer  Left LOQ 2 2 SNs axilla (L) 2(2)

19 58 breast cancer  Right LOQ 2 2SNs axilla (R) 2(2)

20 55 breast cancer  Left UOQ 2 2 SNs axilla (L) 2(2)

21 61 breast cancer  Right U0Q 3 2 SNs axilla (R) 2(3)
1SNIMC (R)

22 38 breast cancer  Left UOQ 1 1SN axilla (L) 1(1)

23 45 breast cancer  Left LOQ 1 1SN axilla (L) 1(1)

24 59 oral cavity Right cheek 2 1SN neck level 1 (R) 2(2)

cancer 15N neck level 3 (R)
25 64 oral cavity Right tonsil 1 1SN neck level 2 (R) 0(1
cancer
Total 54 41(55)

U0Q = Upper Outer Quadrant, LOQ = Lower Outer Quadrant, IMC = Inner Mammary Chain
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biopsy. Therefore, adding optical information might be especially helpful for PGC
imaging at larger distances when the y-images have a large image field of view.
In the present study, we demonstrated that optical and y-imaging combined in
a prototype PHC is feasible. Although at a large distance of 15 cm the y-image
showed a poor resolution of 21 mm (clusters of SNs were depicted as one hot
spot), the optical device provided useful anatomical information. In this sense,
the additional value of a PHC over traditional PGCs is obvious. Since the optical
image is overlaid into the y-image space, the spatial information provided on
the screen is quite similar to the real-life observed situation. Consequently, it is
easier to relate the locations of the hot spots and the obtained image field of view
with the real-life situation. Moreover, the PGC (without optical fusion) permits
high-resolution close-up imaging [3], and it is useful during surgery to ascertain
the real number of SNs in a previously one hot spot at 15 cm distance. Finally, a
surgeon can pinpoint the exact location of the SNs using the y-probe guided by
the intraoperative images.

Two groups have reported on their first experience with fused optical and
y-imaging using a prototype PHC. Lees et al. described a co-aligned optical and
gamma-ray hand-held camera system that offers high-resolution hybrid imaging
with an identical image field of view [9]. Haneishi et al. proposed also a parallel
camera configuration [10]. However, this system projects the y-image onto an
optical image, while our prototype does not adjust the y-image.

Preoperative lymphatic mapping with this PHC might be an alternative
to guide intraoperative harvesting when no conventional gamma camera is
available or when intraoperative tracer injection is required. The PHC can also
be used to mark the position of the SNs on the patient’s skin in a room outside
the conventional gamma camera space, saving time in those centers with a high
volume of conventional scintigraphic explorations. Thus, after conventional
lymphoscintigraphy, the patient can be properly marked and prepared for surgery
in other room by using the PHC.

In summary, the results using this portable hybrid camera prototype indicate
that simultaneous optical and y-imaging is feasible for collimator-to-imaging-plane
distances of more than 5 cm. The optical image fusion has an orientative function,
indicating the image field of view, and was not designed to exactly optically
localize SNs due to an average error of Tcm in the optical image co-registration.
The gamma camera component of this PHC provides exact localization of the
radioactive hot spots. As for future work, new smaller high-resolution OCs with a
shorter baseline will be tested to improve the optical image quality and possibly
reduce errors in the optical image co-registration. This improved prototype will be
evaluated intraoperatively to determine its accuracy and value in SN procedures.
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