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Purpose. Ophthalmic endoscopy is useful in vitreoretinal surgery with opaque anterior segments or anatomically challenging
structures. However, standard ophthalmic endoscopy devices are usually large and costly. Thus, the development of a portable
endoscope is necessary. Methods. The portable endoscope consisted of a probe, an illumination system, a high-resolution camera
module, and a universal serial bus (USB). It was connected to a laptop and applied for intraocular imaging of porcine eyes in vitro.
Basic parameters and pictures of the same tissue target were compared with those of the standard Endo Optiks E4 system. Results.
The retinal images were displayed on the laptop screen, which clearly showed the overall appearance of the central and peripheral
retina, and the details of the retinal vasculature and ciliary body. Compared with a standard endoscope, our portable endoscope is
smaller and more affordable. It can be taken anywhere for intraocular imaging and vitreoretinal surgery. Conclusion. A laptop-
based portable endoscope is a promising device in vitreoretinal surgery. It provides high-resolution images of intraocular tissues
that should make a noticeable difference in intraocular surgery with disordered anterior segments. With its portability and high-

resolution imaging, it may promote the application of endoscopes in ophthalmology.

1. Introduction

Endoscopy is a useful adjunct to surgical microscope
ophthalmoscopy [1, 2] because it can provide non-stereo-
scopic, ultrahigh-resolution, intraocular images on a video
monitor. Surgical microscopes fail to present details of
vitreoretinal tissues with disordered anterior segments or
optical aberrations. However, endoscopes overcome these
limitations. The magnification and resolution of images can
be increased by moving the intraocular probe closer to the
target tissue. Endoscopes can also access anatomically
challenging structures in the eye.

As early as 1934, endoscopy was applied for retrieving an
intraocular foreign body [3]. With the continuous progress
and development of endoscopic imaging, the advantages and
importance of ophthalmic endoscopy have become in-
creasingly obvious. It has been applied for the diagnosis and
treatment of various intraocular diseases [4-10]. It is

advantageous for patients scheduled for keratoprosthesis
surgery with opaque anterior segments, following ocular
trauma or endophthalmitis [11, 12].

Nowadays, the most widely available ophthalmic en-
doscope consists of an endo probe console and a video
monitor. The console provides a high-resolution camera,
xenon-light-based illumination, interfaces for fiberoptic
cables, video output, and a treatment laser if needed. [13]
Although this design is very practical, its bulky base unit and
high cost, just like the original computer, limit its practi-
cality. Sometimes, the image resolution cannot meet the
surgeon’s needs. Guilherme et al. reported their modifica-
tions which resulted in a much cheaper and portable en-
doscope. They removed the widefield lens of a GoPro
HEROS5 camera and refitted it with a C-mount and endo-
scopic probe, [14] but it is just a derivative of the standard
endoscope. Toshio et al. developed a “proximity endoscope”.
Its working distance was 3 mm, shorter than the standard
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FIGURE 1: Steps of the vitreoretinal surgery. (a) Fix the porcine eye at the eye seat model. (b) Two incisions were made at the location of 4
o’clock and 10 o’clock, 2 millimeters away from the corneal limbus, with a 25-gauge needle and the probe of endoscope entering the eye.

endoscope; thus, it could observe the structure under the
proliferative membrane much more clearly [15].

Here, we present a high-resolution endoscope, which is
more portable and affordable. It can be applied for vitre-
oretinal surgery in rural areas.

2. Materials and Methods

2.1. Simulation Experiments. We used ex-vivo porcine eyes
for intraocular imaging since they are similar to hominin
eyes. Fresh porcine eyes were enucleated at a local abattoir
and transported to the laboratory in normal saline at 4°C. All
animal experiments were approved by the Institutional
Animal Care and Use Committee of the second affiliated
Hospital, School of Medicine, Zhejiang University. First, we
mounted each eye on the ophthalmological eyeball holder to
provide stability (Figure 1(a)) and cut the bulbar conjunctiva
2mm from the corneal limbus with corneal scissors. We
then used conjunctival forceps to lift the conjunctival margin
to separate Tenon’s capsule. Subsequently, two incisions
were made. One was made at the 10 o’clock position with a
25 G needle to inflate the eye to the normative intraocular
pressure (IOP) with normal saline. The other was at the 4
o’clock position and allowed the endoscope probe to enter
the eye (Figure 1(b)). The endoscope was sterilized with
ethylene oxide before use. The experienced ophthalmic
specialist adjusted the angle and distance of the probe in the
eye while viewing the image on the screen to achieve clear
imaging of intraocular tissues. The specialist was informed in
advance that images of the same structure should be cap-
tured at the same probe insertion position and the com-
parable working distance from the retina.

2.2. Image Quality Assessment. One retina specialist did the
work of image acquisition via a portable endoscope and
Endo Optiks E4. The characteristics and differences of these
two endoscopes were masked. Thirty fundus images were
captured by these two endoscopes, respectively. All these
pictures were graded by three retina specialists. Before that,
they agreed to the scoring rule, which mainly focused on the
visibility of the optic disc and blood vessels in the retina
(3-excellent, the optic disc and peripheral blood vessels are
clear enough; 2-good, the optic disc is clear, but the pe-
ripheral blood vessels are not clear enough; 1-fair, the optic
disc structure and blood vessels are not clear enough; and 0-
poor, only the outline of optic disc and blood vessel can be

seen). Any endoscope-related information was masked. The
data are presented as mean + SD. The average scores of thirty
pictures were calculated. Two-tailed Student’s t-test was
applied for statistical analysis. There is statistical significance
between groups when the P-value is less than 0.05.

3. Results

3.1. Basic Principles and Components of the Portable
Endoscope. The portable endoscope was composed of a
stainless steel tube, a handle, and a universal serial bus (USB)
(Figure 2(a)). The stainless steel tube was 8 centimeters (cm)
in length. The distal part was the probe and was 19 gauges
(G) in diameter. A camera module and illumination fibers
were placed inside the steel tube. The camera module was
equipped with an OV6948 module, which had a field of view
(FOV) of 120° and the depth of field was 3-5 millimeters
(mm). The SKS-SB mainboard was used. The endoscope had
a built-in light emitting diode (LED) and guided light
through plastic optical fibers. The power supply of the device
was provided by connecting to a personal computer (PC) via
USB (Supplemental Figure 1A). The light intensity of LED is
6500 lux. The temperature of the light source can be con-
trolled below 37°C. With the equipment of electromagnetic
isolation, it is safe for clinical application. The USB also
allowed for image output to the PC. As shown in Figure 2(b),
there was an objective lens mounted at the distal end of the
probe. The light source illuminated the target tissue and
formed a clear image through the objective lens. The ob-
tained images were transmitted to the near-end video
camera by the fiberoptic image guide (Figure 2(b)). Finally,
the camera transmitted the video information to the PC
monitor.

3.2. Image Quality of Two Ophthalmic Endoscopes. The
porcine eyes were placed on the eyeball holder. After in-
flating the eye with normal saline, we inserted the probe of
the portable endoscope through the second incision. The
images of different retina sections from different imaging
angles are shown in Figure 3. These pictures were captured
with a portable endoscope or with an Endo Optiks E4
(Clinico Corp, Taiwan, China). Endo Optiks E4 is one of the
most commonly used endoscopes in clinical ophthalmology,
so we wanted to compare its imaging capability with that of
our original portable design. First, we captured an image of
the entire central retina and visualized the overall profile of
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FIGURE 2: Structure of the portable endoscope. (a) Prototype overall view of the portable endoscope, with a stainless steel tube (8 centimeters
in length, 19 gauge in diameter), a handle, and a USB interface. (b) Structural schematic diagram of the portable endoscope. A camera
module and illumination fibers lie inside the steel tube. The illumination source is supplied from the built-in LEDs through plastic optical
fibers. The camera module equipped in the handle can compose, capture, and transmit images. The images were transmitted to the PC
through a fiberoptic image guide. USB: Universal Serial Bus, LED: universal serial bus.
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FIGURE 3: Images of retina captured by the portable endoscope and endo optics E4. An endoscopic image of the central retina with the
portable endoscope (a) and E4 (b). The optic disc captured with the portable endoscope (c) and E4 (d). The retina vessels can be visualized by
the portable endoscope (e) and E4 (f). The image of the ciliary body and peripheral retina captured by the portable endoscope (g) and E4
(h). The average quality score of fundus images from portable endoscope and E4 were qualified and analyzed (i)P = 0.0420.

the optic disc. Since the porcine eyes were ex-vivo, the retina
appeared pale due to a lack of blood supply. The central
retinal artery and vein containing residual blood could be
seen passing through the fovea. The target tissue mentioned
above could be visualized with both the portable endoscope
(Figure 3(a)) and the Endo Optiks E4 (Figure 3(b)). As the
probe approached the optic disc, some details of the target
tissue were captured (see video, Supplementary File-Video
1). The boundary of the optic disc was distinct as captured by
the portable endoscope (Figure 3(c)), while it was a little
blurred in the standard endoscope image (Figure 3(d),
Supplementary File-Video 3). In addition, the distribution
and trend of retinal vessels were captured by the portable
endoscope. Some of the retinal vasculature and branches of
these vessels were visualized (Figures 3(e) and 3(f)). The
average image quality score with the portable endoscope was
2.08 +£0.13, higher than that (2.08 £ 0.13) of Endo Optiks E4
(Figure 3(i), P=0.0420). Thus, the image quality of the
portable endoscope proved to be good.

Due to the anatomical structure of the eye, the peripheral
retina could hardly be seen by surgical ophthalmic mi-
croscopy. Thus, we switched to endoscopes. By adjusting the
angle of the probe in the eye, we were able to focus the light
source on the peripheral retina and monitor the imaging
conditions as the probe approached the peripheral retina
(see video, Supplementary File-Video 2, 4). When the tip of
the probe was close to the peripheral retina, the ora serrata
and ciliary body could be seen (Figures 3(g) and 3(h)).
Generally speaking, the portable endoscope images were
consistently better than those of the standard one.

4. Discussion

We designed a novel portable endoscope that not only
successfully performs the functions of a traditional endo-
scope but also offers specific advantages in terms of por-
tability and high-quality imaging. The portable endoscope is
small and quite convenient to carry. It can be put in a special
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TaBLE 1: Comparison of the ophthalmic endoscopes.
Endo optics E4 Portable endoscope
Dimension 164 x 57 x 57 cm 32.5x21.6x17 cm
Handpiece length 5cm 18cm
Portability Restricted Portable
Probe diameter 19G, 23G, 25G 19G
Focus Adjustable Non-adjustable
Angle of view 110°-140° 120°
Resolution 6,000-17,000 pixels 40,000 pixels
Light source Xenon (external) LED (built-in)
Adjustable Non-adjustable
Video output Separate-video USB
Cost Over US$ 30,000 US$ 500

instrument box and taken wherever it is needed. Moreover,
it is easy to operate. The surgeons only need to connect the
portable endoscope to a PC or tablet via USB, and the
portable endoscope light can be powered by the connected
device’s battery. Once the device’s camera is turned on, the
image of the target tissue can be captured and transmitted by
the camera module, while simultaneously being displayed on
the screen.

Endo Optiks E4 is one of the most commonly used en-
doscopes in ophthalmology. Therefore, we compared some of
the basic parameters of the portable endoscope with those of
the Endo Optiks E4 (Table 1). The highest resolution of the
Endo Optiks E4 is 17,000 pixels; the resolution of the portable
endoscope is 40,000 pixels, which produces much clearer
images of the optic disc and retina vessels (Figure 3). Even some
details of the peripheral retina could be visualized. Although
the portable endoscope has nonadjustable focus, the depth of
field (DOF) of the portable endoscope is 3-50 mm, so re-
gardless of the distance between the probe and the intraocular
target tissue, the image on the screen is clear. Toshio et al.
developed a proximity endoscope with a working distance of
3 mm, shorter than the standard working distance of 5 mm. It
offered a clear and magnified vision when it was in close
approximation to the retina, but a blurred vision from a
distance. [15] As is well known, ophthalmologists need a
training period before they can successfully handle non-ste-
reoscopic endoscopy in vitreoretinal surgery. High-quality
images are critical in keeping ophthalmologists oriented and
helping them quickly judge the tissue distance in a 2-dimen-
sional (2-D) intraocular field. Although stereoscopic endos-
copy has developed in recent years [16, 17], there are still many
problems and technical challenges. [18, 19] Hence, high-res-
olution microscopy images remain critical in vitreoretinal
surgery. We have been devoted to develop a high-definition
ophthalmic endoscope. In the future, we will develop a higher-
resolution endoscope to capture more details in the eye, which
means we have to overcome the difficulty of fiberoptic en-
doscopes’ relatively low pixel within the existing size. It is one of
the technical challenges that we have to overcome.

The dimensions of our portable endoscope depended on
the dimensions of the PC (Supplementary Figure 1). The PC
we used was 32.5 x 21.6 x 17 cm?, which is much smaller than
the 164x57x57cm> Endo Optiks E4. However, the
handpiece of the portable endoscope is bulky. It is mainly
due to the size of the mainboard. We will replace the existing
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mainboard with a smaller one in the near future, making the
handle much handier. It is another technical difficulty that
we have to overcome. Additionally, the cost of the Endo
Optiks E4 was over US$ 30,000, equivalent to the cost of
approximately 6 portable endoscopes (Table 1). The por-
tability and affordability of the portable endoscope make it
an appropriate diagnosis and treatment tool for central
hospitals, as well as for emergency departments and rural
areas. Scientists are keen to make endoscopes smaller and
smaller. As mentioned above, Guilherme et al. reported a
modified endoscope that combined the GoPro HERO5
camera with an endoscopic 23-gauge probe. [14] Because
smartphones are ubiquitous, a smartphone-based laryngo-
scope was invented, which connects the endoscope to a
smartphone with an adaptor. [20] Even tethered capsule
endomicroscopy has been reported. The swallowed capsule
continuously obtained 10-ym-resolution cross-sectional
images as they traversed the esophagus. [21] We previously
developed a handheld nonmydriatic fundus camera. [22]
Since most endoscope devices are large and expensive, many
patients in underdeveloped countries or rural regions are not
able to benefit from the related high-quality medical in-
frastructures. Therefore, this kind of portable and low-cost
endoscope is the trend. The portability of the endoscope
even may open the door to ophthalmological telemedicine.
Objectively speaking, there are some limitations of this
portable endoscope. The portable endoscope has a built-in
LED, while the Endo Optiks E4 has an adjustable external
light source for illumination. Although the light intensity of
the portable endoscope is safe for clinical use, an adjustable
intensity of illumination must be more humane and envi-
ronmentally friendly. Besides, the 19 G probe may limit its
application in clinical practice, compared with the 25G
probe of Endo Optiks E4. We will optimize the probe di-
ameter and illumination in the near future.

5. Conclusion

This study introduced a novel portable endoscope. With its
relatively low cost, high-resolution, convenience, and por-
tability, it may be more useful for intraocular diagnosis and
vitreoretinal treatment with blurred anterior segments, and
it can be used in conditions of limited medical resources.
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Supplemental Figure 1 shows the Outlook of the portable
endoscope and Endo optics E4 system. Supplementary File
Video 1, https://drive.google.com/file/d/1EnNaR-
ecYCTPxjn6jFzEZ_502y3xI_AUP/view?usp=sharing, shows
the imaging of optic disc by the portable endoscope. Sup-
plementary File Video 3, https://drive.google.com/file/d/
1FxPwTZcY4sxmuR1WGcs6YBsKiRvmKtGl/view?usp=-
sharing, shows the imaging of optic disc by the standard
endoscope. Supplementary File Videos 2 and 4, https://
drive.google.com/file/d/12TmrYADa5b2kycUUE-
Ma4S4M3vAbuGXMz/view?usp=sharing, https://driv-
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sIr/view?usp=sharing, display the imaging of peripheral
retina by the portable endoscope and the standard one.
(Supplementary Materials)

References

[1] F. H. P. Lai, E. W. N. Wong, W. C. Lam et al., “Endoscopic
vitreoretinal surgery: review of current applications and fu-
ture trends,” Survey of Ophthalmology, vol. 66, no. 2,
pp. 198-212, 2021.

[2] J. Ben-nun, “Cornea sparing by endoscopically guided vit-
reoretinal surgery,” Ophthalmology, vol. 108, no. 8,
pp. 1465-1470, 2001.

[3] R. Pappuru, V. Dave, M. Tyagi, and R. Narayanan, “Intra-
ocular endoscopy: a review,” Indian Journal of Ophthalmol-
ogy, vol. 69, no. 1, pp. 14-25, 2021.

[4] T. Kaga, T. Kojima, S. Yokoyama, H. Sato, N. Yoshida, and
K. Ichikawa, “Subretinal endoscopic surgery to treat large
subretinal hemorrhages secondary to age-related macular
degeneration,” Retina, vol. 39, no. 5, pp. 896-905, 2019.

[5] M. Uram, “Ophthalmic laser microendoscope endophoto-
coagulation,” Ophthalmology, vol. 99, no. 12, pp. 1829-1832,
1992.

[6] G. D. Lee, R. A. Goldberg, and J. S. Heier, “Endoscopy-
Assisted vitrectomy and membrane dissection of anterior
proliferative vitreoretinopathy for chronic hypotony after
previous retinal detachment repair,” Retina, vol. 36, no. 6,
pp. 1058-1063, 2016.

[7] M. Téth, A. Shah, K. Hu, C. Bunce, and G. Gazzard, “En-
doscopic cyclophotocoagulation (ECP) for open angle glau-
coma and primary angle closure,” Cochrane Database of
Systematic Reviews, vol. 2019, no. 2, Article ID Cd012741,
2019.

[8] M. B. Pantcheva, M. Y. Kahook, J. S. Schuman, and
R. J. Noecker, “Comparison of acute structural and histo-
pathological changes in human autopsy eyes after endoscopic
cyclophotocoagulation and trans-scleral

cyclophotocoagulation,” British Journal of Ophthalmology,
vol. 91, no. 2, pp. 248-252, 2007.

[9] H. Mitamura, T. Kaga, T. Kojima et al., “Clinical outcomes of
endoscope-assisted 30-gauge single-needle technique for
intrascleral intraocular lens fixation,” Ophthalmic Research,
vol. 64, no. 2, pp. 253-260, 2021.

[10] T. W. Olsen and J. T. Pribila, “Pars plana vitrectomy with
endoscope-guided sutured posterior chamber intraocular lens
implantation in children and adults,” American Journal of
Ophthalmology, vol. 151, no. 2, pp. 287-296, 2011.

[11] M. Fukuda and C. Liu, “The role of intraocular video en-
doscopic fundal examination before keratoprosthesis sur-
gery,” American Journal of Ophthalmology, vol. 158, no. 1,
pp. 3-4, 2014.

[12] C. C. Farias, H. E. Ozturk, T. A. Albini et al.,, “Use of in-
traocular videoendoscopic examination in the preoperative
evaluation of keratoprosthesis surgery to assess visual po-
tential,” American Journal of Ophthalmology, vol. 158, no. 1,
pp. 80-86, 2014.

[13] R. S. Ajlan, A. A. Desai, and M. A. Mainster, “Endoscopic
vitreoretinal surgery: principles, applications and new di-
rections,” International Journal of Retina and Vitreous, vol. 5,
no. 1, p. 15, 2019.

[14] G. Sturzeneker, R. R. Pereira, R. O. Nakaghi, and A. Maia,
“Modified portable camera endoscope for posterior segment
surgery,” Retina, vol. 41, no. 1, pp. 228-229, 2021.

[15] T. Mori, T. Kaga, N. Yoshida et al., “Usefulness of the
proximity endoscope in vitrectomy for proliferative diabetic
retinopathy,” Retina, vol. 40, no. 12, pp. 2424-2426, 2020.

[16] H.-W. Lai, S.-T. Chen, C. W. Mok et al., “Single-port three-
dimensional (3D) videoscope-assisted endoscopic nipple-
sparing mastectomy in the management of breast cancer:
technique, clinical outcomes, medical cost, learning curve,
and patient-reported aesthetic results from 80 preliminary
procedures,” Annals of Surgical Oncology, vol. 28, no. 12,
pp. 7331-7344, 2021.

[17] K. Higuchi, M. Kaise, H. Noda et al,, “Three-dimensional vi-
sualization improves the endoscopic diagnosis of superficial
gastric neoplasia,” BMC Gastroenterology, vol. 21, no. 1, p. 242,
2021.

[18] W. Kunert, T. Auer, P. Storz, M. Braun, A. Kirschniak, and
C. Falch, “How much stereoscopic effect does laparoscopy
need? Controlled, prospective randomized trial on surgical
task efficiency in standardized phantom tasks,” Surgical In-
novation, vol. 25, no. 5, pp. 515-524, 2018.

[19] H. Harada, S. Kanaji, H. Hasegawa et al., “The effect on
surgical skills of expert surgeons using 3D/HD and 2D/4K
resolution monitors in laparoscopic phantom tasks,” Surgical
Endoscopy, vol. 32, no. 10, pp. 4228-4234, 2018.

[20] Y.Kim,]. Oh, S.-H. Choi et al., “A portable smartphone-based
laryngoscope system for high-speed vocal cord imaging of
patients with throat disorders: instrument validation study,”
JMIR mHealth and uHealth, vol. 9, no. 6, Article ID e25816,
2021.

[21] J. Dong, C. Grant, B. Vuong et al., “Feasibility and safety of
tethered capsule endomicroscopy in patients with barrett’s
esophagus in a multi-center study,” Clinical Gastroenterology
and Hepatology, vol. 20, no. 4, pp. 756-765, 2022.

[22] K. Jin, H. Lu, Z. Su, C. Cheng, J. Ye, and D. Qian, “Tele-
medicine screening of retinal diseases with a handheld por-
table non-mydriatic fundus camera,” BMC Ophthalmology,
vol. 17, no. 1, p. 89, 2017.


https://downloads.hindawi.com/journals/joph/2022/1903516.f1.zip

