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ABSTRACT

Objective: This study compares the performance of the KOWA SL-19 Plus portable slit lamp, equipped with an integrated digital
camera, and a smartphone-based imaging system adapted to fit on the slit lamp eyepiece for veterinary ophthalmic imaging.
Both devices were tested for their efficiency, image quality, and diagnostic utility in clinical settings.

Animals Studied: A total of 20 eyes from 13 animals (7 dogs and 6 cats), presenting various ophthalmic conditions, were exam-
ined using both devices.

Procedure(s): During the ophthalmic examination, videos were captured using both the KOWA SL-19 Plus and the smartphone-
based system, then the best picture was extracted. Extraction time was measured. Thirty-nine board-certified ophthalmologists
evaluated the images together, focusing on image quality and diagnostic value.

Results: The KOWA SL-19 Plus outperformed the smartphone-based system in all categories. The mean extraction time for the
KOWA SL-19 Plus was significantly faster (65.47s) than for the smartphone system (115.50s, p <0.000001). Image quality was
higher for the KOWA SL-19 Plus (3.80 vs. 2.98 over 5, p <0.000001), and 85.7% of the images were deemed sufficient for diagnostic
purposes, compared to 67.9% for the smartphone-based system (p <0.0001).

Conclusions: The KOWA SL-19 Plus is a valuable tool for veterinary ophthalmic imaging, offering superior image quality and
faster processing times compared to the smartphone-based system. It presents a promising step forward for both clinical diag-
nostics and educational purposes.

1 | Introduction their integration in human ophthalmology slit lamps from the

early 2000s has led to high-quality imaging, thus enhancing

Invented in 1911 by Allvar Gullstrand, the slit lamp enables a
nearly parallel, intensely bright, and focused beam of light that
allows visualizing the anterior segment of the eye with accuracy
[1]. Over the years, these devices have undergone numerous
improvements, contributing to more accurate and compre-
hensive eye care [2]. The introduction of digital cameras and

documentation, monitoring, training, and diagnostic abilities
[2-4]. As smartphones have become increasingly popular and
equipped with high-resolution cameras, various adapters can be
used to connect them to slit lamps, facilitating access to high-
quality imaging both in human and veterinary ophthalmol-

ogy [5-9].

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is

properly cited.

© 2025 The Author(s). Veterinary Ophthalmology published by Wiley Periodicals LLC on behalf of American College of Veterinary Ophthalmologists.

Veterinary Ophthalmology, 2025; 0:1-7
https://doi.org/10.1111/vop.70018

1of 7


https://doi.org/10.1111/vop.70018
https://doi.org/10.1111/vop.70018
https://orcid.org/0009-0005-6073-828X
mailto:dr.michaud@anima-vet.fr
mailto:dr.michaud@anima-vet.fr
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fvop.70018&domain=pdf&date_stamp=2025-04-13

Unlike human ophthalmology, where integrated cameras in slit
lamps are widely represented [10-12], no such device existed for
the portable slit lamps used routinely in veterinary ophthalmol-
ogy until the Kowa SL-19 Plus (Kowa—Japan) (named as SL19+
in this report) was introduced in 2024. This device allows real-
time slit lamp image streaming, easy eye picturing, and data
export, thereby further improving the comprehension of both
clients and students [13, 14].

The aim of this study is to perform a comparison between the
SL19+ and a universal smartphone-based imaging system
(SBIS) that utilizes a Xiaomi X12T Pro (Xiaomi Corporation,
Beijing, China) mounted on the slit lamp's ocular. We expect this
study to prove that the SL19+ will provide better quality images
and faster extraction times than the SBIS.

2 | Material and Methods

The study was conducted at Animavet Veterinary Clinic's oph-
thalmology department, with ethical approval given by the
VetagroSup Lyon ethical committee and informed consent ob-
tained from the owners of the animals involved. Twenty eyes of
13 animals (7 dogs and 6 cats) were included in the study. The
cohort was divided into 4 healthy eyes and 16 eyes exhibiting
various ophthalmic conditions ranging from corneal ulcers to
cataracts (Table 1).

2.1 | Imaging Systems

The Kowa SL-19 Plus (Kowa—1Japan) is a portable slit lamp
equipped with a Full HD 2megapixel CMOS camera, with a
maximum speed of 25 frames per second at a resolution of
1920 % 1080 pixels. The biomicroscope is connected via a local
Wi-Fi to an iPad (Apple Inc., Cupertino, CA, United-States) on

TABLE1 | Demographics of the studied population.

which the Kowa-SL19 application (Kowa—Japan) is installed
and broadcasts the livestream of the slit lamp. By pressing the
capture button on the slit lamp, the video is recorded on the
iPad (Figure 1) and can then be viewed later. The software
automatically extracts the best images from the examination
performed. The videos and photos can then be transferred to
a predefined folder on a computer on the local network with
a single click. As the “regular” SL-19 slit lamp (without cam-
era) background light (3 intensities) can be added, and bright-
ness can be changed; 16X magnification is not available with
the SL19+.

2.11 | The Smartphone Imaging System

A Xiaomi X12T Pro (Xiaomi Corporation, Beijing, China) smart-
phone with a Leica f/1.7 lens (Leica Microsystems, Wetzlar,
Germany) and 200Mp camera was mounted onto one of the eye-
pieces of the slit lamp with a Smartoscope Vario Universal adap-
tor (Swarovski Optik—Austria). Videos were recorded in 4k and
at 60 frames per second with the smartphone and then trans-
ferred from the smartphone to the computer using WeTransfer
(WeTransfer B.V., Amsterdam, Netherlands).

The pictures were then manually extracted by taking a screen-
shot of the best frame in the video and archived.

2.2 | Procedure

Both devices were used at the same time when recording the
video of the ophthalmic examination performed by the same
veterinarian. Images were taken of the adnexas (n=2), cor-
nea (n=13), iris (n=4), irido-corneal with an ophthalmic
Koeppe lens (n=3), lens (n=7) and retina with a Digital
Series Wide Field Lens (Volk, Wilmington, Delaware, United

Species Breed Age (month) Sex Neutered Eye pathology
Dog Malinois 32 Female Yes None
Cat Domestic Shorthair 135 Male Yes OD cataract/OS normal
Cat Sphynx 120 Male Yes OD corneal sequestrum
Dog French Bulldog 51 Female Yes OS corneal graft follow up
Cat Abyssinian 95 Male Yes OS corneal graft follow up
Dog Labrador retriever 72 Male No PRA
Dog Lhasa Apso 61 Female Yes OU prolapse of the nictitating membrane gland
Cat Domestic Shorthair 40 Female Yes OU eosinophilic keratitis
Cat Sphynx 93 Male Yes OD NORMAL/OS CONJUNCTIVAL
MELANOMA
Dog English Springer Spaniel 180 Female Yes OU Primary glaucoma
Dog Beagle 122 Male No OU Cataract follow up
Dog Husky 49 Female Yes OU Chronic superficial keratitis
Cat Domestic Shorthair 136 Female Yes OU corneal graft follow up
20f7 Veterinary Ophthalmology, 2025

858017 SUOWWIOD AIIea1D) 8|qeo ! [dde 8y A peuienob ae e YO ‘8sn JO SNl 10} Ariq1T8UIUO 48] 1M UO (SUORIPUOD-PUR-SLLIBY/LICO" A 1M AeIq | U1 |UO//SdnY) SUORIPUOD pue Swie 1 8y} 885 *[GZ0Z/70/ST] U0 AriqITaulUO AB]IA ‘ 80Ul 8URIUO0D - Prieydi Nl pue.req Ad 81002 doA/TTTT 0T/I0pAW0D A8 i AReld jeul|uo//:sdny woiy pepeojumod ‘0 ‘t22Se9rT



FIGURE1 | Eyeexamination with SL19+ with live streaming on an
iPad and smartphone recording through the eyepiece of the slit lamp.

States) (n=1). The SL19+ and SBIS pictures were extracted
to a personal computer and then renamed and archived by
the same operator. Extraction time was measured randomly,
using www.randomizer.org to generate a random sequence
determining the order in which each device was used first
to measure the extraction time and compared for all the pic-
tures; this is the measurement of the time between selecting
the media on the device, transferring the file, and renaming
the best image on the computer.

2.3 | Evaluation and Scoring

We obtained 2 pictures for every examination with both de-
vices (Figure 2). The survey was built using randomly orga-
nized pairs of pictures from the same exam with Google Forms
(Google LLC, Mountain View, CA, USA) and sent to ECVO
and ACVO board-certified ophthalmologists using Listserv.
Respondents were asked to evaluate the 30 cases blinded: for
each comparison, they indicated their preferred picture, rated
the quality of each image from 1 (ugly) to 5 (very good) and
indicated whether the image could allow them to establish a
formal diagnostic.

2.4 | Data Analysis

The data were collected via a Google Forms (Google LLC,
Mountain View, CA, USA) survey and included image quality

ratings, preferred image choices, and diagnostic confidence.
Extraction times were treated separately. Descriptive statistics,
including means and standard deviations, were calculated for
all variables.

Paired t-tests were used to assess significant differences between
the two systems for extraction times, image quality ratings, and
diagnostic confidence. The significance level was set at p <0.05.
For image preference, the proportion of responses favoring the
SL19+ or the smartphone was calculated.

Box plots were generated to visually represent the distribution
of photo ratings, diagnostic confidence, and extraction times.
Statistical analysis and visualizations were conducted using
Python (version 3.13.0), with relevant libraries such as SciPy for
statistical testing and Matplotlib for generating the plots.

The paired t-test was chosen for this analysis because the data
involved comparing two related conditions by the same group
of veterinary ophthalmologists. Since the same respondents pro-
vided ratings for both devices, the data were paired, making the
paired t-test the most appropriate method to assess differences
in extraction times, image quality, and diagnostic confidence.
Descriptive statistics were also used to summarize the data and
provide an overview of trends before conducting the formal sta-
tistical comparisons.

3 | Results

A total of 39 veterinary ophthalmologists with an average of
16.3years as a panelist participated in the survey.

3.1 | Extraction Times

The extraction time was significantly faster for the SL19+ com-
pared to the smartphone. The mean extraction time for the
SL19+ was 65.47s (SD =10.24), while extracting the smartphone
pictures took an average of 115.50s (SD =13.80); the results are
represented in Figure 3. The paired t-test showed a statistically
significant difference between the two systems (p <0.000001).
This substantial time saving suggests that the SL19+ is much
faster in clinical settings.

3.2 | Picture Preference

Veterinarians overwhelmingly preferred images captured by
the SL19+ system. Across the 30 comparisons, images from the
SL19+ were selected as superior in 84.0% of cases while images
from the smartphone were preferred in only 16.1% of cases. This
demonstrates a clear preference for the quality of images pro-
vided by the SL19+.

3.3 | Photo Quality Ratings

Participants rated the image quality on a scale from 1 to 5. The
average rating for the SL19+ images was significantly higher
(mean =3.80, SD=0.45) compared to the smartphone pictures
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Comparing pictures obtained with the SL19+ (left hand side) and SBIS (right hand side).
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FIGURE 3 | Comparison of extraction times between the SL19+ and smartphone.
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FIGURE4 | Comparison of photo ratings between the SL19+ and smartphone.

(mean=2.98, SD=0.55). The results are represented as box
plots (Figure 4). A paired t-test revealed that this difference
was statistically significant (p <0.000001). This indicates that
the SL19+ produces higher-quality images than those obtained
using a smartphone.

3.4 | Diagnostic Confidence

In terms of diagnostic confidence, 85.7% of the SL19+ images
were deemed sufficient to make a diagnosis, compared to 67.9%
of the smartphone images (Figure 5). The paired ¢-test showed
this difference to be statistically significant (p <0.0001). This
suggests that the SL19+ system provides images that are not
only preferred but which are also more likely to support accu-
rate clinical diagnoses.

4 | Discussion

This study highlights the rapid evolution in veterinary ophthalmic
imaging technology, comparing two distinct approaches: SL19+
and smartphone-based slit-lamp imaging systems. Our findings
demonstrate the notable improvements in time efficiency, image
quality, and diagnostic confidence when using the SL19+, reflect-
ing broader trends in the progress of slit-lamp technologies, as re-
ported in previous studies [14, 15]. The ability to quickly acquire,
store, and share high-quality images also enhances the pedagog-
ical value of the SL19+, benefiting veterinary interns, residents,
and even pet owners [14, 16].

Our results show that the SL19+ offers faster image extraction
compared to the smartphone-based system used in this study.
This aligns with the gains in efficiency described in human

50f7

858017 SUOWWIOD AIIea1D) 8|qeo ! [dde 8y A peuienob ae e YO ‘8sn JO SNl 10} Ariq1T8UIUO 48] 1M UO (SUORIPUOD-PUR-SLLIBY/LICO" A 1M AeIq | U1 |UO//SdnY) SUORIPUOD pue Swie 1 8y} 885 *[GZ0Z/70/ST] U0 AriqITaulUO AB]IA ‘ 80Ul 8URIUO0D - Prieydi Nl pue.req Ad 81002 doA/TTTT 0T/I0pAW0D A8 i AReld jeul|uo//:sdny woiy pepeojumod ‘0 ‘t22Se9rT



100%

_|

90%
80% l
70%

60%

50%

40% |

30%

Diagnostic Confidence (%)

20% [

10%

0, I
0% SL19+

Smartphone

FIGURE5 | Comparison of diagnostic confidence between the SL19+ and smartphone.

ophthalmology [6, 13]. The reduced need to set up, adjust, and
handle a separate smartphone attachment further enhances the
ease of image acquisition.

Moreover, the SL19+ provides superior image quality. This find-
ing mirrors previous reports of slit-lamp imaging improvements,
where newer digital systems have improved resolution and de-
tail, particularly for anterior segment imaging [4, 12].

However, this study has a major limitation: the relatively small
number of examinations (30 images per device), which may not
be representative of the full range of diagnostic scenarios en-
countered in veterinary practice. Expanding the dataset with a
larger number of cases, including multiple examples per pathol-
ogy, would provide a more robust assessment of the two imaging
systems and improve the reliability of the findings.

A secondary limitation is the use of one single smartphone for
the study; other smartphones may provide better anterior seg-
ment images than the Xiaomi. Furthermore, while the Xiaomi
X12T Pro Leica-branded lens is well-regarded in mobile photog-
raphy, it cannot be directly compared to dedicated DSLR cam-
era lenses. Image quality is influenced not only by the lens but
also by sensor size, noise management, and software processing.
This should be considered when interpreting the results.

Finally, the qualitative assessment of image quality by multiple
ophthalmologists introduces inherent subjectivity, as individual
perception and experience can influence evaluations.

Restricting the evaluation to a smaller number of ophthalmol-
ogists could enhance the level of detail and precision in the
comparison, allowing for more standardized descriptions and
a more refined analysis of the differences between images ob-
tained with each system. This approach could improve consis-
tency while providing a clearer interpretation of the imaging
performance of both methods.

The difference in frames per second between the SL19+ (25 fps)
and the SBIS (60 fps) may slightly influence the extraction time,

as 140% more pictures were generated with the SBIS, resulting
in alonger process to isolate the best one. However, the main dif-
ference in extraction time is primarily due to the lengthy export
process of the massive video files from the smartphone to the
computer, as well as the SL19 app, which automatically extracts
the best pictures, providing a significant time-saving advantage.

From our experience, we noted that SL19+ images may some-
times be overexposed, a limitation that has also been observed
in other high-sensitivity ophthalmic cameras [17, 18]. This sug-
gests that further fine-tuning of image capture settings in veter-
inary applications may be needed to better represent what our
eyes really see through the slit lamp.

The SL19+ images have a much better depth of field and a
greater dynamic range compared to the SBIS. This may be im-
proved with other camera phones that have smaller apertures
and different lens designs. The gray, washed-out appearance of
the SBIS images may be due to light leakage into the eyepiece of
the digiscoping adaptor we used. This issue could be mitigated
by using a black foam ring around the camera lens.

Furthermore, the cost of the SL19+ (8500 USD) may be a barrier to
widespread use, especially when compared to the lower-cost uni-
versal smartphone adapter (around 200 USD). The SBIS, though
cheaper and more portable, frequently encounters constraints
regarding compatibility with various phone models and slit lamp
types, and these can hinder the standard binocular operation of
the slit lamp [8, 9, 15]. Although smartphone-based systems have
been effectively utilized in both human and veterinary medicine
[6,12], they frequently lack the accuracy and user-friendliness pro-
vided by specialized integrated systems [8, 12].

5 | Conclusion

The SL19+ represents a substantial technological improvement
in veterinary ophthalmic imaging, offering improved image
quality, faster extraction times, and enhanced utility for both di-
agnostics and education. However, its high cost may be a barrier
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to its widespread use. Further studies with a larger, structured
dataset and fewer evaluators could refine image comparisons
and improve performance assessments. Comparing the SL19+
to other phones and digiscoping systems would also better de-
fine its clinical advantages and limitations.

Future developments may allow the integration of a 3D camera
[19] to ensure a rendering closer to the reality perceived by the
examiner as well as the possibility of adding an indirect oph-
thalmoscopy lens to allow easy retinal imaging with the slit
lamp [16].
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