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Abstract: A surgical microscope is large in size, making portability impossible. The distance
between the surgical microscope and the observation tissue is 15 to 30 cm, while the maximum
adjustment range of the camera to the right and left is 30°. Therefore, surgical microscopes cause
attenuation (above 58%) of the irradiation optical source owing to the long working distance.
Moreover, the observation of tissue was dazzled with ambient light because the optical power
source was strong (50 to 160 mW/cm?). Owing to the limited ability to adjust the camera to the right
and left, a blind spot occurs with a surgical microscope. Therefore, it is difficult to clearly observe a
tumor.

In this study, a compact pen-type probe with a portable surgical microscope is proposed. The
pen-type probe is small with a portable shape, and is capable of adjusting the working distance
between itself and the observed tissue. It is also possible to adjust the viewing angle and
fluorescence brightness. The proposed pen-type probe has no blind spots or optical density loss.

Keywords: fluorescence microscopy; fluorescence emission, malignant tumor, diagnosis, animal
experiment

1. Introduction

Surgical diagnosis with indocyanine green (ICG) fluorescence dye is used to observe
the flow conditions in blood vessels in the stomach, intestine, organ, liver, lymph node,
and brain [1]-[5]. In particular, malignant tumors are complex and consist of tumors and
blood vessels. Unfortunately, tumors and vasculature have the same color, making it
difficult to identify the boundary between them with the naked eye. To observe the
boundary between tumors and blood vessels, cancer surgery involves the of use surgical
observation systems [2], such as surgical computed tomography (CT), surgical
navigators, magnetic resonance imaging (MRI), positron emission tomography,
ultrasonography, and surgical microscopes [6]-[12].

However, such systems mainly provide black and white images. Reading the size,
location, and morphological boundaries of cerebrovascular, lymph node, or malignancies
using a surgical microscope is difficult as the observations are not clear. The main reason
for the poor image quality is because it is in black and white [8]. To solve this problem, a
surgical color camera can be used, which show the color of the vascular and lymph
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nodes. However, because tumors and blood vessels have the same shape and color, it is
difficult to distinguish and observe them using color cameras [13].

A fluorescence observation module can be connected to a surgical color-imaging
camera. Fluorescent image guidance cameras for surgery can distinguish the shape,
color, and boundaries of tumors and blood vessels because of their fluorescence
expression [8], [14]. The disadvantages of such cameras are that they are large and heavy
(camera head: above 4 kg, whole: above 6 kg) with limited portability. In addition, they
allow limited adjustments of the observed beam angles (maximum 30°) and working
distances (WD, 15-30 cm/cm?) [15]-[20]. Because a surgical camera uses a high-energy
light source (50-160 mW/cm?) as the electromotive force of fluorescence emission, optical
source beam energy loss (above 58%) of the WD (15-30 cm) and strong ambient light
around the tissue (photobleaching) can occur [10, 15]. In other words, the surgical
microscope is difficult to apply in tissue observation because of the limited beam WD
control and adjustment of the left and right of the camera [16, 17]. Moreover, surgical
diagnostic systems are not portable because of their large size [10].

To solve the problems of the surgical fluorescence microscope, this study proposes a
pen-type probe that is small and portable for real-time diagnosis. The performance of the
proposed pen-type probe was evaluated through animal experiments using a light source
of 785 nm and a fluorescence wavelength of 810 nm.

2. Fabrication of the Pen-type Probe

The conventional surgical microscope (with a laser diode (LD) and near-infrared
(NIR) camera) and the proposed pen-type probe were compared, as shown in Fig. 1 [18].
Fig. 2 shows the detailed structure of the proposed pen-type probe. As shown in the
figure, the proposed pen-type probe consists of a LD, drive module (for laser drive),
small camera module (SE-8]200), switch (ON/OFF), laser brightness control performance,
battery, longpass filter, and communication cable. The communication cable connects the
camera and the external monitor. The videos captured by the camera can be seen in real
time on an external monitor through a cable.

conventional surgical microscope new pen-type probe

56

< laser

Figure 1. Structure of the conventional surgical microscope and the proposed pen-type probe.


https://doi.org/10.20944/preprints202104.0557.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 April 2021 d0i:10.20944/preprints202104.0557.v1

3 of 13
internal structure
LD et
p—
H I 4 thermal detection
i ’ <
5 {LDA~Y PD
b i
' external
: monitor
‘ connector '
battery
camera:’ ) ) v
:‘RO,_._ u U camera module ) communication cable
‘f
\ pen type probe

N,
¥

long PASS jryoeeeeeer camera }
Cmter () () — (N (head)
: camera long-pass
{ (head) filter

Figure 2. Detailed structure of the proposed pen-type probe.

The Thorlabs L785P090 LD was used, with excitation wavelength (Aext) and
maximum excitation power (Pex) of 785 nm and 19.1 mW, respectively, and bias voltage
(Vin) of 2.0 V. Because the LD generates thermal energy, thermal energy control is
essential. Thus, the LD was connected to a photodetector (PD) that can detect and control
the heat generated by the LD. When heat is generated, the control unit of the drive
module adjusts to the heat after its detection by the PD.

The Thorlabs MLD203P2 drive module was used, with a bias voltage and current of
DC 5 V and 200 mA, respectively. A variable resistor (max. 10 kQ) was used for laser
brightness control; therefore, the LD can adjust the excitation power. An endoscope
camera was used in the complementary metal oxide semiconductor (CMOS) sensor. The
camera has a bias voltage of 3 V. Its horizontal length and diameter are 4 mm and 1.5
mm, respectively, as shown in Fig. 3.

The resolution, imaging frame, pixel size, field of view (FOV), and sensor type of the
camera are 1600 x 1200, 30 fps, 2.0 Mpixel, 60°, and CMOS sensor, respectively. The
irradiation beam angle of the LD is free, i.e., 360°. The WD and beam focus angle (6¢) of
the camera are 10 mm and 9.5°, respectively (see Fig. 1). Then, the WD was adjusted from
0 to 50 cm, and the realization environment was measured as 50 mm.

Fig. 3 shows the removal of the infrared (IR)-cut filter from the internal structure of
the camera. Fluorescence dye (ICG) imaging could not be achieved because the emission
wavelength (Em) of ICG fluorescence dye imaging is in the IR band (above 800 nm) [4],
[17]-[19]. Thus, the IR band (>800 nm) cannot transmit the IR-cut filter in the camera.
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Figure 3. Fabrication of a camera and experimental results: (a) removed IR-cut filter and connected
longpass filter and (b) measurement results of the IR-cut filter.

The camera lens (head) was connected to a longpass filter with a cut-on wavelength
of 800 nm. The longpass filter was fabricated using titanium oxide (TisOs), silicon oxide
(5i0z2), and a glass-coated substrate, as shown in Fig. 4. The fabricated filter has a ¢, I, and
hof 2, 4, and 0.4 pum, respectively; its diameter is 1.5 mm.

d0i:10.20944/preprints202104.0557.v1
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Figure 4. Structure of the optical longpass filter.
The longpass filter only transmits the wavelengths emitted by the ICG fluorescence
dye, and produces a diagnostic image without any excitation wavelength. The pen-type
probe was equipped with a low-cost camera. Fig. 5 shows the fabrication of the pen-type

probe by 3D printing.
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Figure 5. Fabrication of the pen-type probe using a 3D printing technique.

The pen-type probe is lighter than the conventional surgical microscope, with an
overall size and weight of 17 mm x 2.5 mm and 32 g (+2 g), respectively; the conventional
surgical microscope weighs 6.0 kg [20].

3. Experimental Results

The measurement results of the fabricated long-pass filter are shown in Fig. 6. The
cut-in wavelength, transmission (T), and reflection (OD: optical density) are 805 nm, 98%,
and 0.2%, respectively.
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Figure 6. Measurement results of the fabricated long-pass filter.

A small animal (rat) experiment was performed to test the performance of the
proposed pen-type probe. Fig. 7 shows the surgical environment for the animal test. As
shown in the figure, the pen-type probe is connected to an external monitor by a cable.
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Figure 7. Rat surgery and small animal test: (a) test using conventional surgical microscope and
NIR camera with laser, and (b) pen-type probe test.

The WDs were determined as 15 cm (conventional surgical microscope and NIR
camera) and 50 mm (pen-type probe). However, the WD of the pen-type probe is free
between 50 mm and 50 cm. The animal was tested at the Experimental Animal Center of
the Lee Gil Ya Cancer and Diabetes Research Institute (LCDI-2017-0050) in Korea. We
obtained permission from the Animal Institutional Review Board (IRB) of the Animal
Ethics Commission. In the animal test, the specimen was a Sprague Dawley rat (male),
eight weeks old, weighing 240 g. As shown in Fig. 8(a), an ICG fluorescent contrast agent
was injected into the rat vein. The fluorescence expression of the agent was determined
according to the concentration.
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Figure 8. ICG fluorescence contrast process: (a) process of injection, (b) molecular structure of
plasma protein binding by ICG injection, and (c) test method.

The fluorescent contrast agent was mixed with a 10 ml aqueous injection solution
and 25 mg of ICG (Dongindang, Republic of Korea, one vial 25 mL/insurance code:
664100231). The mixture (0.2-0.4 ml) was injected into the rat vein by a syringe. The
injected ICG fluorescent material binds to plasma protein, as shown in Fig. 8(b) [21]. For
the animal test of ICG fluorescence emission, the optical source of the pen-type probe
was irradiated to the vasculature of a rat. The excitation wavelength (Aext) and laser power
with the conventional surgical microscope and NIR camera (Lt 225 NIR M/N,
respectively) were 785 nm and 60 mW/cm?, respectively. Then, the laser (785 nm) was
used in the PerkinElmer Solaris optical imaging system and Thorlabs CPS780S (for NIR
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camera). The excitation wavelength (Aext) and LD power of the pen-type probe were 785
nm and 4.0 mW/cm?, respectively. The LD (Thorlabs L785P90) power was adjusted from
0 mW/ecm? to 19.0 mW/cm? The camera used was the SE-8J200 (endoscopy-type
microscopy).

When the LD of the pen-type probe was irradiated with a wavelength of 785 nm (4.0
mW/cm?) to a blood vessel, fluorescence was emitted from the blood vessel and the blood
flow state could be observed. The fluorescence emission wavelength and power ranged
from 805 to 830 nm [4], [17]-[19].

Fig. 9 shows the resulting fluorescence emissions in vascular flow experiments on
small animals, including the state of blood flow through ICG fluorescence in blood
vessels. Fluorescence emission images of blood flow were collected using the NIR and IR
cameras. The collected images could be observed through a cable.

The fluorescent contrast agent has a liver uptake phenomenon owing to its half-life
of 3.4 min. Then, the [4], [19], [22] of ICG fluorescence has average 2.4 min (0.01 mg/kg)
liver uptake phenomenon. The observation results (see. Fig. 9) show that the pen-type
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Figure 9. Experimental results of small animals: (a) conventional surgical microscope, (b) NIR
camera (Lt-225 M/N), and (c) pen-type probe camera.

4. Discussion

In the observation progress of the ICG fluorescence emission (see Fig. 9), the camera
can be compared with the pen-type probe and NIR camera (Lumenera Lt-225 M/N). The
NIR camera is suitable black and white and color imaging, while the pen-type probe
camera shows color imaging. The pen-type probe’s camera appears to be better than the
others, as shown in Table 1.

Table 1. Comparison of the performance of the pen-type probe’s camera with others.

This work  Lt-225 [18] Fl“[‘ig]tlcs [20] [23]
Resolu-
tion [pix- 1600x1200 2048x1088 10241024  720x576  800x600  256x512
els]
Frame 30 170 30 25 20 20
rate [fps]
FOV

76x42  37.1x38.6  14.6x14.6  22x1.5  313x417  10x10
[mm?]
Sensor CMOS  CMOS CMOS CcCD CMOS CcCD

The resolution, frame, and pixel size of the pen-type probe camera (except for the
NIR camera) were more than two times better than those in [18], [20], and [23]. In Fig. 10,
the external irradiation optical power source (LD) of a conventional surgical microscope
is 55-160 mW/cm? [4], [15], [18], [23]-[27], while the WD is 15-30 cm [4], [15], [18], [23],
[27]. However, the external irradiation optical intensity decreased by approximately 58%
when the WD is above the minimum value of 200 mm [28].

To generate ICG fluorescence emission, it is necessary to increase the optical source
intensity or decrease the WD. If the optical intensity of the LD (Thorlabs, L785PO) is
increased, then the LD will cause thermal breakage because of its vulnerability to heat, as
proven by the experiment. If the WD of a conventional surgical microscope is decreased,
then the FOV dimension narrows. Therefore, the viewing angle for lesion observation
also becomes very narrow [29].

The pen-type probe's LD enables the adjustment of the LD power and WD. As
shown in Fig. 10, the pen-type probe’s LD and WD were adjusted to 4 mW/cm? and 50
mm, respectively, while the FOV was obtained as 60°. Thus, the vascular flow condition
can be monitored according to ICG fluorescence emission. The conventional surgical
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microscope limits the adjustment range of the optical power source (55-169 mW/cm?)
and WD (15-30 cm). In contrast, the optical source and WD of the pen-type probe can be
freely adjusted. The maximum photographing angle of a conventional surgical
microscope is 30° [30], while that of the pen-type probe is free (360°) [31]-[34]. Therefore,
the pen-type probe does not have a blind spot, and the FOV angle is broader than that of
the conventional surgical microscope.

'-i D conventional

L g
2

'g .g wr? new challenge o
N A 1? LD camera

Figure 10. Comparison of the performance of the surgical microscope and pen-type probe.

The conventional surgical microscope is bulky (6 kg) [20], and requires electrical
power supplied by an external source. Thus, it is not portable and occupies a large
amount of space in the operating room because of its size. On the other hand, the
maximum irradiation power of an LD is 19 mW; the actual LD power used is within 4
mW; and is reduced by approximately 2.89 to 40 times. Thus, the pen-type probe can be
powered by a battery. For this reason, it can be reduced to a small size, making it portable
and suitable for a narrow operating room.

The characteristics of ICG fluorescence contrast diagnosis have been formally
approved by the United States Food and Drug Administration [17, 18]. Therefore, it can
be applied to observe the conditions of the heart, liver, blood flow, and blood vessels; and
in angiography, cerebrovascular arteriovenous malformation, and vascular suture
surgery [18], [23], [28], [35]-[38].

5. Conclusions

A pen-type probe is small and portable. It consists of an LD, endoscope camera,
brightness control device for the light source, power supply, and communications cable.
The pen-type probe can be connected to an external monitor via cable. Therefore, it can be
used to observe tissues from the outside through a monitor.

With the use of a pen-type probe, the shape, color, and boundary of tumors and
vasculature can be easily distinguished through fluorescence; the beam direction and
angle can also be adjusted. Therefore, free organizational observations are possible.

Pen-type probes are independent of the WD. Thus, there is neither an optical density
loss nor a blind spot. Laser irradiation should be conducted within a safe range of tissues,
and in accordance with international medical standards (IEC 60601-2-41). Small animal
experiments were conducted at the Experimental Animal Center of the Lee Gil Ya Cancer
Diabetes Research Institute in Korea (IACUC No. LCDI-2017-0050).

In these experiments, the wavelength and power of the LD were 785 nm and 4.0
mW/cm?, while the fluorescence emission wavelength and power were 805 nm and 0.2
mW/cm?, respectively. The maximum fluorescence brightness duration was 3.4 min.
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