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Background: Simplified hematoxylin and eosin (H&E) staining followed by cryo-sectioning enables rapid 
identification of cancerous tissue within the procedure room during Mohs micrographic surgery. Yet, a 
faster evaluation method is desirable as the staining protocol requires physically sectioning of the tissue after 
freezing, which leads to prolonged sectioning time along with the frozen artifacts that may occur in frozen 
sectioning. 
Methods: We present a multichannel confocal microscopy system to rapidly evaluate cancerous tissue. 
Using the optical sectioning capability of the confocal microscope, optically sectioned images of the freshly 
excised mouse tissue were acquired and converted into images resembling H&E histology. To show details 
of the nuclei and structure of the tissue, we applied a newly developed rapid tissue staining method using 
Hoechst 33342 and Eosin-Y. Line scanning and stitching was performed to overcome the limited field of 
view of the confocal microscope. Unlike previous confocal systems requiring an additional mechanical device 
to tilt the sample and match the focus of the objective lens, we developed a focus tracking method to rapidly 
scan large sample area. The focus tracking provides an effective means of keeping the image of the thick 
tissue in focus without additional devices. We then evaluated the performance of the confocal microscope 
to obtain optically sectioned images in thick tissue by comparing fluorescence stained slide images. We also 
obtained the corresponding H&E histology image to assess the potential of the system as a diagnostic tool.
Results: We successfully imaged freshly excised mouse organs including stomach, tumor, and heart within 
a few minutes using the developed multichannel confocal microscopy and the tissue staining method. Using 
the pseudocolor method, colors of the acquired confocal grayscale images are converted to furthermore 
resemble Hematoxylin and Eosin histology. Due to the focus tracking and the line scanning, optically 
sectioned images were obtained over the large field of view. Comparisons with H&E histology have shown 
that the confocal images can acquire large details such as the ventricle as well as small details such as muscle 
fibers and nuclei.
Conclusions: This study confirms the use of confocal fluorescence microscopy technique to acquire rapid 
pathology results using optical sectioning, line scanning and focus tracking. We anticipate that the presented 
method will enable intraoperative histology and significantly reduce stress on patients undergoing surgery 
requiring repeated histology examinations.
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Introduction

In histology, hematoxylin and eosin (H&E) is widely 
used as a gold standard because it can provide precise 
morphological information on various tissue types (1). 
Hematoxylin stains nuclei blue or purple, and eosin stains 
cytoplasm and extracellular matrix pink (2). Since the tissue 
being examined is made into a slide to be viewed with a 
bright-field microscope, H&E histology generally requires 
physically sectioning tissue to around 5 to 10 µm thick. 
Paraffin sectioning is routinely used and regarded as the gold 
standard for H&E histology. Although paraffin sectioning 
provides clear visualization of tumor tissue, it requires 
up to days to fix and embed the tissue in paraffin (1).  
Instead of embedding the tissue, freezing before sectioning 
can be used to acquire rapid results (3) known as frozen 
histology. This cryo-sectioning allows for histology results 
in 30 to 40 minutes compared to days required for paraffin 
sectioning (4-7). 

Although cryo-sectioning provides credible result 
within a reasonable time, during surgeries such as Mohs 
micrographic surgery where repeated histological results 
are needed, faster histology results are needed. In addition, 
cryo-sectioned tissue sometimes undergo freeze artifacts 
that make histological interpretation difficult. Although 
techniques have been developed to overcome such artifacts, 
freezing the tissue is still time consuming (8).

To overcome the limitations of current histology 
process, various optical biopsy techniques have been 
proposed, including optical coherence tomography (9-11),  
spectroscopy (12-15), terahertz imaging (16,17) and 
confocal microscopy (18-23). Recently, imaging techniques 
such as MUSE (Microscopy with ultraviolet surface  
excitation) (24-26) and light-sheet microscopy (27-29) 
showed promising results in obtaining pathological results 
from fresh tissue. MUSE uses an inherent low penetration 
depth of ultraviolet rays to image only the surface of the 
tissue. However, use of high NA objective is limited as optical 
sectioning thickness should not exceed the image depth 
of field (30), which hinders the high resolution imaging. 
Light sheet-microscopy uses two objectives placed at a  
90 degree angle for excitation and imaging. In particular, an 
open-top light-sheet microscopy can obtain non-destructive  
slide-free pathology of clinical specimens with large 
field-of view. But it requires certain means to correct 
aberration induced by the coverslip placed at a 45-degree 
angle from the objective, such as deformable mirrors, 
spatial light modulators or solid immersion lenses (27,31).  

Additional image processing is also required to show 
the cross-sectional images of a tissue, which slows down 
the image acquisition speed (27). Multimodal nonlinear 
microscopy also provides various information of fresh 
tissue (32,33). But there are limitations such as a higher 
risk of photo-damage or photo-bleaching (34,35), low 
signal intensity (36,37), and higher cost due to use of pulsed  
laser (38,39). Among the many imaging techniques, confocal 
fluorescence microscopy has demonstrated promising 
results due to its ability to optically section thick specimens 
with high axial and lateral resolution (40,41), similar to 
a histology slide (42-44). Previous studies have shown 
fluorescence confocal microscopy provides strong contrast 
of nuclear signals (45-47). As with most optical systems, high 
resolution comes with a limited field of view. As a solution, 
a line scanning algorithm (48) has been developed. The 
algorithm uses line scanning to acquire large images in strips, 
which are then stitched together to produce a much larger 
image. Line scanning has significantly reduced the scanning 
time of large biological samples (49). The technique employs 
a mechanical stage to scan the sample along slow axis and 
a cylindrical lens (50) or a resonant scanner (49) to scan 
the sample along the fast axis. Various studies have shown 
promising results with this technique (51-53). A limitation of 
this technique is that it requires an additional mechanical tool 
to adjust the tilt and time to match the sample to the moving 
focus plane of the objective lens throughout the scan (49).

In this study, we developed a confocal microscope with 
multiple fluorescence channels to visualize nuclei and cellular 
structures of a tissue with high spatial resolution over a large 
field of view. We applied a newly developed fast staining 
method of freshly excised tissue with Hoechst 33342 and 
Eosin Y (54). A focus tracking algorithm was developed 
to keep the sample in focus while acquiring a large image. 
Using a virtual H&E conversion algorithm, colour codes of 
grayscale confocal images were converted to mimic H&E 
histology using a virtual H&E conversion algorithm (55). 
Also, a simple method was suggested to flatten the tissue and 
enable uniform imaging over the large field.

Methods

Multichannel confocal microscope system

A multichannel inverted confocal fluorescence microscope, 
K1-Fluo (Nanoscope Systems Inc., Daejeon, Republic of 
Korea) system, was modified for line scanning and focus 
tracking (Figure 1). The system consists of a laser module as 
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the excitation source and a microscope module to detect the 
fluorescence signal. The laser module contains 3 wavelength 
lasers (405, 488, 638 nm). In this study, the 405- and  
488-nm lasers were used as excitation sources for Hoechst 
33342 and Eosin Y, respectively.

A motorized stage was placed above the objective lens 
to scan the sample in the axial and lateral directions. A 20× 
objective lens (UPlanSApo, Olympus, Shinjuku, Japan) 
with a numerical aperture of 0.75 was used. A galvano and 
resonant mirror were used for raster scanning the sample 
on a confocal dish (101350, SPL Life Sciences, Pocheon-
si, Republic of Korea). We selected a confocal dish with a 
large diameter cover glass on the bottom for imaging large 
samples. Photomultiplier tubes with matching emission 
filters were selected according to the emission spectra of the 
fluorescent dyes.

Tissue preparation and staining procedure

Tissue samples were prepared from a nude mouse. After 
euthanasia, the mouse organs were collected and cut in half. 
Half the tissue was stained with fluorescent dyes and imaged 
with the confocal microscope to assess the performance 
of the microscope. The other half was cryo-sectioned  
to create an H&E slide and a confocal slide, which was 
stained with Hoechst 33342 and eosin Y. The confocal 
slide was used to validate the microscope performance 
and the focus-tracking algorithm. The study was reviewed 
and approved by the Institutional Animal Care and Use 
Committee (IACUC) of the National Cancer Center 
Research Institute (NCC-15-229B).

The staining method was modified from our previous 
research (54), and numerous staining trials were performed 
to determine the appropriate staining time and dye 
concentrations (Table 1). Eosin-Y solution (Eosin Y alcoholic 
counterstain, Cat# 3600) was used as it provided sufficient 
staining time and quality. Hoechst 33342 (Hoechst 33342, 
Cat# MOP-H-3570, ThermoFisher Scientific, Waltham, 
MA, USA) was diluted to 1% in PBS (phosphate buffered 
saline) because, although a higher concentration shortened 
the staining time, the nuclear signal was saturated. 

The sample was fixed with ethanol in between Eosin-Y 
and Hoechst 33342 staining because fluorescent dyes tend 
to leak out of tissue during imaging and degrade the image 
quality. Since prolonged fixation time cause the fluorescent 

Laser module

Emission pinhole 
filter

Microscope module
Confocal dish

Motorized stage

Objective lens

Relay lens

Resonant mirror

Photomultiplier 
tube 1

Photomultiplier 
tube 2

Photomultiplier 
tube 3

Galvano  
mirror

405 nm laser Mirror

Dichroic 
mirror

488 nm laser

638 nm laser
Collimating lens

A B

Figure 1 Schematic of the multichannel confocal microscope system. The system consists of a laser module and a microscope module. 
Collimated laser beams are collected into an optical fiber and transferred to the microscope module for excitation and sample detection.

Table 1 Staining protocol using Hoechst 33342 and Eosin Y

Process Solution Time (seconds)

Stain Eosin Y 30

Fix 95% ethanol Dipping 10 times

Fix 100% ethanol Dipping 10 times

Wash Distilled water 5

Stain Hoechst 33342 30

Wash 100% ethanol 3
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dyes to wash out, the sample was exposed to ethanol repeatedly 
for a short time. The total staining time was 80 seconds.

Tissue holding and H&E pseudocolor

When the excised tissue is placed on a flat surface, the edges 
tend to float due to the soft property of the tissue. In our 
experience, staining tissue with fluorescent dyes slightly 
shrinks the tissue, creating space between the tissue edges 
and cover glass. A gap or air pocket as small as a few tens 
of micrometers between the tissue and the cover glass 
will prevent the confocal microscope from obtaining an 
adequate image in that area as a shift in focus is created. 
Therefore, a method to keep the tissue flat on the cover 
glass was necessary.

Using PDMS (polydimethylsiloxane), which is a type 
of silicone, we created a cover to keep the sample in place 
by lightly pressing the tissue down. The PDMS press was 
molded into a cup shape and attached to the cover of the 
confocal dish to gently push down on the tissue (Figure 2). 
The press was made with a curing agent to elastomer base 
ratio of 1:20. A ratio of 1:10 is typical, but the flexibility of 
the material can be controlled by adjusting the ratio. We 
found that more elastomer base makes the PDMS more 
flexible, but too much elastomer base makes the PDMS 
too sticky. After trying different ratios from 1:5 to 1:40, we 
found that a ratio of 1:20 provided sufficient flexibility to 
evenly press the tissue onto the cover glass without sticking 
to the tissue. The thickness of the glass bottom of the 
confocal dish was 0.13 mm, which was sufficient enough to 
withstand the pressure from the PDMS press. 

Line scanning and focus tracking

The field of view of a confocal microscope is limited by the 
objective lens. In our case, a 20× objective lens was used, 
and the field of view was 625 µm in the x and y directions. 
To overcome the limited field of view and quickly scan a 
large sample, line scanning was used. A resonant mirror was 

used to create a line in the x axis while the motorized stage 
scanned the sample in the y direction to create a strip image 
with the galvano mirror fixed. Although the size of the strip 
in the x direction is limited by the objective lens (625 µm), 
the size of the strip in the y direction is only limited by the 
bottom hole size of the confocal dish and motorized stage. 
Multiple strip images, depending on the sample size, were 
acquired with a 5% overlap as a reference for the stitching 
algorithm. Matlab (The MathWorks, Inc.) and a stitching 
algorithm provided by the National Institutes of Health 
(NIH) were used to stitch image strips together into a single 
large image. 

As the microscope scans the entire sample, a difference 
in focus appears because the objective lens does not keep 
equal focus throughout the scan. Thus, we developed a 
focus tracking method to keep the sample within focus. 
Conventional raster scanning with real-time visualization 
of a 625 µm × 625 µm field of view was used to find three 
focal points on the sample that were in focus. The process 
was performed manually with a z-axis knob, and the three 
points were kept far apart to keep the scanning plane of 
the focus-tracking algorithm close to the imaging plane 
(Figure 3A). The coordinates of the focal points were saved, 
and an imaging plane was obtained from a plane formula 
that contains the three points. The objective lens scanned 
the sample according to the calculated imaging plane thus 
acquiring an in-focus image of the entire sample (Figure 3B).

We used mouse tissue and conventional raster scanning to 
obtain a series of axial images and evaluate the depth of the 
focal plane within the sample. Results have shown that signals 
can be obtained up to 20 µm into the tissue, but the best depth 
showing clear results was at 5 µm deep. At this depth, both 
the Hoechst 33342 and eosin Y signals appeared well. From 
repeated experiments, we learned that there was a margin 
of about 3 µm on either side of the best imaging plane for 
the focus tracking algorithm. Therefore, the focus-tracking 
algorithm had to keep the focus point of the objective lens 
from 2 to 8 µm into the sample during the entire scan.

The image contained 1,024 pixels over 625 µm in the 

Figure 2 PDMS cover for pressing tissue. (A) Schematic of PDMS cover; (B) rendering of the PDMS press design; (C) final tissue holder.

A B C

Cover glass
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x direction, which gives a resolution of 0.61 µm per pixel. 
To match the x resolution, the speed of the motorized 
stage was set at 4.88 mm per second. Because the resonant 
mirror scans the sample at 8 kHz, the y pixel resolution 
also became 0.61 µm per pixel. The pixel dwell time was 
61 ns and the laser power on sample was measured to be  
5 mW. The maximum length in the y direction is only 
limited by the stage travel length, 20 mm. The largest 
sample measured is 20 mm × 20 mm.

To convert the multichannel grayscale confocal images 
to resemble H&E histology images, we used a virtual H&E 
conversion algorithm (55). The algorithm uses Beer-Lambert 
law to accurately model the absorption of Hematoxylin and 
Eosin in transillumination microscopy. Using the algorithm, 
pixel intensity of the grayscale multichannel fluorescence 
image can be converted to mimic H&E histology.

Results

H&E pseudocolor and tissue holder

Mouse stomach tissue was stained with Hoechst 33342 and 
Eosin-Y according to the protocols described in Table 1.  
The result was first obtained with raster scanning and 
square mosaic imaging. This method stitches a series of 
square (625 µm × 625 µm) confocal images together into a 
single large image. This method was used when imaging 
small tissues because the focus does not differ significantly 
between points. When imaging relatively small samples, a 
focus-tracking algorithm would only lengthen the imaging 
acquisition time. H&E pseudocolor results with and without 
the tissue holder are shown in Figure 4. Both the Hoechst 
and Eosin-Y signals were converted with the colormap 
to resemble H&E histology. Hoechst 33342 signals  

A B

Figure 3 Schematic of focus tracking algorithm. (A) The imaging plane was estimated from three focal points found manually (marked 
with green arrows). The three focal points were used to create an imaging plane for the microscope to follow while scanning entire sample.  
(B) Illustration of sample being imaged according to the imaging plane.

Figure 4 Result of pseudocolor and imaging without (A) and with (B) the PDMS cover. Mouse stomach tissue was imaged with the confocal 
microscope system and pseudocolor was applied to resemble H&E histology. With the PDMS holder pressing the tissue down, additional 
structural information, such as the glandular mucosa, marked with yellow arrows, can be observed. Scale bar: 100 µm.

A B
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appear purple and eosin Y signals appear pink. This step 
is necessary as H&E is widely used in pathology, so the 
appearance of a confocal image may play an important 
role in diagnosing cancer. Imaging was performed with 
and without the PDMS cover. As shown in Figure 4, the 
PDMS cover pressing the tissue against the cover glass 
clearly provides additional morphological information. The 
glandular mucosa present in Figure 4B (marked with yellow 
arrows) cannot be seen in Figure 4A due to the loss of focus.

Line scanning and focus tracking

A sectioned confocal slide was created from an excised 
mouse tumor. Nine image strips were acquired with line 
scanning. The slide was imaged with and without the 
focus-tracking algorithm. Figure 5 shows the effect of the 
focus tracking algorithm. As shown in Figure 5A, without 
the focus-tracking algorithm, the edges of the confocal 
slide were not imaged as the sample was not in focus. The  
focus-tracking algorithm allowed the whole sample to 
be imaged in focus, as shown in Figure 5B. The image 
acquisition time for a 4 mm × 5 mm slide was around  
3 minutes including sample staining and manual focusing. 
The sample scanning itself took 50 seconds. The manual 
focusing time varies depending on the operator but does 
not depend on the size of the sample as only three points 

are used. In our case, it took one minute to adjust the three 
focus points and create an imaging plane. The imaging 
plane is calculated instantly upon entering the three focus 
point coordinates.

Image acquisition and comparison to histology

Mouse heart tissue was imaged as the morphological tissue 
features allowed us to validate the microscope performance. 
The tissue was prepared and stained as described in Table 1.  
The tissue was placed on a confocal dish with the PDMS 
cover. Large morphological features, such as the ventricle 
(marked with a red arrow in Figure 6), can be seen in 
the acquired image. The overall shape of the tissue 
slide (Figure 6A) and thick tissue (Figure 6B) matched 
the H&E slide (Figure 6C) imaged with the bright-field 
microscope. The magnified image can be used to visualize 
small morphological features, such as muscle fibres and 
nuclei (marked with green and black arrows, respectively). 
As shown in Figure 6B, entire tissue including the tissue 
boundaries was in focus due to the use of gently pressing 
PDMS cover. While too much pressure may cause the 
curvature of the coverslip and create distortion in the image, 
Figure 6B and Figure 4B show that the applied pressure by the 
PDMS cover was adequate to maintain focus throughout the 
whole tissue without inducing coverslip curved.

A B

Figure 5 Results without (A) and with (B) the focus-tracking algorithm. Nine image strips were collected and stitched together to acquire a 
4 mm × 5 mm image. Scale bar: 1 mm.
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A B C

Figure 6 Mouse heart imaging. (A) Confocal imaging of slide dyed with Hoechst 33342 and eosin; (B) confocal imaging of tissue dyed with 
Hoechst 33342 and eosin; (C) bright-field image of H&E slide. Black boxes indicate the position of the magnified image. Scale bar (top):  
1 mm. Scale bar (bottom, magnified): 100 µm.

Discussion

We developed the multichannel confocal microscopy system 
to image large tissue areas. To minimize tissue processing 
steps and time, we applied the newly developed staining 
method using Hoechst 33342 and Eosin-Y to stain nuclei 
and cytoplasm of freshly excised tissue (37). Tissue samples 
did not require any additional processing other than the 
staining, which only takes about 80 seconds, enabling fast 
sample preparation. Using the holder made of soft PDMS 
that keeps the sample in place and gently presses the sample 
against the cover glass, we were able to obtain a flat image 
plane. We were able to quickly collect image strips by the 
line scanning method over a large field of view. Also, the 
focus-tracking method enabled to keep the sample in focus 
while scanning the large area of the sample. The obtained 
two-channel confocal images were pseudocolored to mimic 
conventional H&E histology. From the obtained images, 
morphological information of cytoplasm and nucleus could 
be verified. The entire process took around 3 minutes, 
which is much faster than cryo-sectioning. The technique 
will allow intraoperative histology to be possible and will 
significantly reduce stress on patients undergoing long 

surgeries requiring repeated histology results. 
As the interest on the fresh tissue imaging has been 

increasing, various microscopy technologies have been 
introduced for non-destructive pathology of tissue, 
including MUSE (24-26), light sheet-microscopy (27-29), 
and nonlinear microscopy (32,33). While they can provide 
excellent pathologic images of fresh tissue, there are several 
limitations such as UV excitation (24-26,30), limited use 
of objective lens (30,56), need for complex optics (57,58) 
or high cost due to pulsed lasers (38,39). In contrast, the 
current method provides a simple, cost-effective solution 
for high-speed microscopic assessment of fresh tissue 
with a large field-of-view. Also, light sources and objective 
lenses can be easily optimized for specific applications 
to accommodate var ious  f luorescent  agents  with  
high-resolution.

While this preclinical study showed promising results 
with mouse tissue, the feasibility of the proposed system for 
diagnosing cancer should be studied. Future studies may 
also evaluate the H&E pseudocolor method in diagnosing 
cancer using human tissues. Although not used in this study, 
the 638-nm laser already installed in the multichannel 
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confocal system allows the use of an additional cyanine 
dye, which might be able to target cancer cells, and aid 
in diagnosing cancer. Because the targeting dyes are used 
in excised tissue, the approval process will be easier than 
for in vivo applications. The line scanning method with 
the focus-tracking algorithm can be easily applied to 
other optical systems requiring large area scanning. The 
algorithm may also be set up in the axial direction to rapidly 
acquire z-stacks of large images to provide comprehensive 
3-dimensional information for precise diagnosis.

Conclusions

In conclusion, our study demonstrates the use of 
multichannel confocal microscopy to obtain histological 
images of fresh tissue. The newly developed tissue staining 
method using Hoechst 33342 and Eosin-Y enabled rapid 
tissue preparation. Rapid pathology results were obtained 
in a wide field of view using the line scanning and focus 
tracking methods and the PDMS tissue covers. The entire 
process, including the tissue staining and the scanning, takes 
only about three minutes. We expect that the presented 
method will enable rapid intraoperative histology, which 
can significantly reduce stress on patients during surgeries 
in which repeated histological examination is performed.
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