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ABSTRACT

Introduction: To investigate the feasibility and
safety of scleral ultraviolet A (UVA) cross-link-
ing (scleral CXL) on pathologically blindness.
Methods: This was a prospective, observational
clinical study. Five patients with monocular
blindness due to pathological myopic macu-
lopathy were enrolled. Eyes with best corrected
visual acuity (BCVA) under 0.05 were defined as
experimental eyes. The fellow eyes were defined
as control eyes. Patients first underwent poste-
rior scleral reinforcement (PSR) surgery in the

control eye. Thereafter, scleral CXL surgery was
performed in the experimental eye on the same
day. Visual acuity, BCVA, slit lamp biomicro-
scopic examination, intraocular pressure mea-
surement, corneal specula microscopies, axis
length measurement, funduscopy with pupil
dilation, color fundus photography, full-field
flash electroretinography, optical coherence
tomography, and color Doppler flow imaging
were performed at baseline, 1 week, 1 month,
3 months, 6 months, and 12 months after
surgery.
Results: No signs of inflammation were
observed after operation and throughout the
follow-up period. Retinoschisis was improved,
while choroidal neovascularization fibrosis and
retinal and choroidal atrophy were unchanged
after scleral CXL. There were no statistically
significant differences in the ophthalmic artery,
central retinal artery, and posterior ciliary artery
parameters of color Doppler flow imaging or in
retinal thickness, within experimental and
control eyes, at baseline, 1 week, 1 month,
3 months, or 12 months (P[0.05).
Conclusions: This pilot study verified the fea-
sibility and safety of scleral CXL on human
blindness. The UVA-CXL on the sclera of
human eyes seems to have the same effect as
PSR in preventing progressive pathological
myopia in the future.
Trial Registration: Chinese Clinical Trial Reg-
istry (ChiCTR2100042422).
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Key Summary Points

Pathological myopia is among the major
causes of visual impairment worldwide.

Scleral cross-linking (CXL) can increase
scleral biomechanics and control the
progression of myopia.

Scleral CXL was applied at the clinic in
order to evaluate the feasibility and safety
of this procedure.

Scleral CXL has the same effect as
posterior scleral reinforcement in
preventing progressive pathological
myopia.

Scleral CXL may be a potential method to
control the progression of myopia at
clinic.

INTRODUCTION

Pathological myopia is among the major causes
of visual impairment worldwide [1, 2]. There are
currently about 163 million people with high
myopia in the world, and this number is
expected to increase to about 943 million by
2050 [3]. With the deepening of myopia, which
involves excessive elongation of the eye axis,
the eye develops various pathological changes,
including posterior scleral staphyloma, myopic
macular disease, and optic neuropathy. High
myopia is a major cause of legal blindness
worldwide, and particularly in Asian countries
[4].

Pathological myopia-related fundus compli-
cations refer to a range of chorioretinal lesions
that develop secondary to myopia. Patchy
atrophy, macular atrophy, and choroidal neo-
vascularization (CNV) cause irreversible and
usually bilateral visual impairment in working-
age individuals [5, 6]. Currently, there are no

effective treatments for advanced retinal chor-
oidal atrophy in myopic macular disease. Thus,
early prevention of the development of myopia,
before excessive axial elongation occurs, is
crucial.

Posterior scleral reinforcement (PSR) surgery
is currently the operation most commonly per-
formed to control myopia progression [7]. A
scleral graft is placed over the macular area by
insertion of the inferior oblique muscle, and the
two ends of the graft are sutured to the superior
and inferior nasal quadrants, wrapping the
posterior pole. A recent study revealed that PSR
may maintain the microcirculation of eyes with
posterior staphyloma and thereby stabilize the
best-corrected visual acuity [8, 9].

Riboflavin/UVA scleral cross-linking (CXL) is
another potential treatment for progressive
pathologic myopia. It was initially demon-
strated by Wollensak and Spoerl [10]. Many
studies have confirmed the efficacy of this
treatment in strengthening scleral tissue by
creating cross-links in the collagen of the sclera
[11–13]. Our research group has also done a lot
of work on scleral CXL. Proposed the saturation
time point of riboflavin infiltration of the sclera,
and formulated a riboflavin infiltration plan
[14]. Since posterior pole scleral CXL is not
convenient to operate in clinical practice and
may damage the optic nerve, we investigated
the differences in biomechanical changes of
posterior and equatorial scleral CXL, and found
that equatorial scleral CXL can have the same
effect of preventing axial growth [11]. We fur-
ther verified the long-term safety and efficacy of
the scleral CXL in the eyes of rhesus monkeys
[15, 16]. The results confirmed that the scleral
CXL is safe and effective, which laid the foun-
dation for the application of clinically prevent-
ing myopia axial growth.

Therefore, in this pilot study, we applied
scleral CXL to individuals with clinical patho-
logical blindness in one eye, in order to evaluate
the feasibility and safety of this procedure, in
comparison with PSR surgery performed in the
fellow eye, with a view to applying the scleral
CXL procedure for clinical prevention and
control of myopia.
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METHODS

Subjects

This was a prospective, observational clinical
study involving five patients with pathological
myopia, from June 2020 to June 2021, at the
Department of Ophthalmology of Beijing Ton-
gren Hospital. All patients were blind as a result
of pathological myopic maculopathy in a single
eye. We excluded patients with glaucoma, cor-
neal opacities, uveitis, retinal vascular disease,
retinal detachment, and non-myopia-related
maculopathy, as well as those with a history of
intraocular surgery other than cataract surgery.
The eyes with best-corrected visual acuity
(BCVA) under 0.05 were defined as experimen-
tal eyes, while the fellow eyes were defined as
control eyes. This study was approved by the
Institutional Ethics Committee of Beijing Ton-
gren Hospital (ChiCTR2100042422), Capital
Medical University, and was conducted in
accordance with the tenets of the Declaration of
Helsinki. All participants provided signed
informed consent for their participation.

Clinical Examination

Patients were followed up at 1 week, 1 month,
3 months, 6 months, and 12 months after sur-
gery. Preoperative and postoperative examina-
tions included UCVA, BCVA, slit lamp
biomicroscopy, intraocular pressure (IOP) and
axis length measurement using the IOL Master
(Carl Zeiss Inc., Jena, Germany), dilated-pupil
funduscopy, color fundus photography (Hybrid
Digital Mydriatic Retinal Camera CX-1, Canon
Inc., Tokyo, Japan and Optos 200TX, Optos plc;
Dunfermline, Scotland), and full-field flash
electroretinography (f-ERG; RETIport � system;
Roland, Wiesbaden, Germany). Manifest
refraction was performed by two qualified
optometrists. The decimal VA was converted
into logMAR values for statistical analysis.

Measurement of Color Doppler Flow

Color Doppler flow imaging (CDFI) was
obtained using the commercial MyLab90 device

(Esaote, Genova, Italy). The peak systolic
velocity, end-diastolic velocity, and resistivity
index parameters of the ophthalmic artery
(OA), central retinal artery (CRA), and posterior
ciliary artery (PCA) were measured in all eyes by
a single experienced radiologist. Patients were
placed in the supine position with their eyes
closed and were asked not to move their eyes to
avoid creating artifacts. A probe with a suffi-
cient quantity of gel was placed on the upper
eyelid, avoiding the use of excessive pressure.

Measurement of Retinal Thickness

Both eyes of each patient were scanned using
the Swept-Source optical coherence tomogra-
phy (OCT) device (Ver 9.0.0281, Carl Zeiss
Meditec, Inc.). The automatic eye tracking
technology maintains fixation on the retina.
Macular and retinal thickness measurements of
the nine Early Treatment Diabetic Retinopathy
Study (ETDRS) subfields from a 6-mm2 area were
analyzed. The nine macular sectoral subfields
were the 1-mm central, four intermediate zones,
and four outer zones (superior, temporal, infe-
rior, and nasal). The numerical values recorded
for each of the nine zones were used in the
analysis of retinal thickness.

Surgery

Under general anesthesia, the patient first
underwent PSR surgery in the control eye, fol-
lowed by scleral CXL surgery in the experi-
mental eye. Each eye was re-sterilized as for an
independent operation. All PSR surgery was
performed by YQ and all scleral CXL surgery
was performed by FJZ.

PSR Surgery

Under general anesthesia, a 210� peritomy of
the conjunctiva was performed along the infe-
rior–temporal axis of the limbus, and the infe-
rior and lateral rectus muscles were isolated and
exposed. The two muscles were maneuvered by
traction sutures while the eyeball was pulled
toward the superior nasal side. After the inferior
oblique muscle was isolated, a homologous

Ophthalmol Ther



human scleral strip with a width of 6–10 mm
was sequentially inserted underneath the lateral
rectus, inferior oblique, and inferior rectus
muscles. The superior end of the strip was fixed
at the nasal side of the scleral insertion of the
superior rectus muscle, while the inferior end of
the strip was anchored at the nasal side of the
scleral insertion of the inferior rectus muscle.
The scleral strip was stretched into a U-shape to
wrap around the posterior pole and the scleral
staphyloma corresponding to the macular area
and was flattened with the help of strabismus
hooks. The relative position between the scleral
strip and optic nerve was checked with a stra-
bismus hook. The distance was kept at approx-
imately 1 mm to ensure that the strip covered
the foveal region without compressing the optic
nerve. The whole operation took about 40 min.

Scleral CXL

Under general anesthesia, a 180� peritomy of
the conjunctiva was performed along the

inferior–temporal axis of the limbus, and the
inferior and lateral rectus muscles were isolated
and maneuvered by traction sutures to rotate
the eyeball to expose the irradiation zones. The
irradiation zone was 10 mm in diameter at the
inferior temporal equatorial sclera, which was
from 2 mm before the equator to 8 mm behind
the equator. Photosensitizer solution contain-
ing 0.1% riboflavin (0.1% riboflavin, 20% Dex-
tran 500, Peschke D, PESCHKE Trade,
Hünenberg, Switzerland) was dropped once
every minute onto the irradiation zone 30 min
before and during the 30-min irradiation
period.

UVA irradiation (365 nm) was applied per-
pendicular to the sclera of the CXL eyes by
means of a UVA device (UV-X 1000, Avedro,
Waltham, America) with a surface irradiance of
3.0 mW/cm2 for a period of 30 min (total dose
of UVA, 5.4 J/cm2) (Fig. 1). The whole operation
took about 1 h.

Fig. 1 Scleral CXL procedure
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After surgery, the preset sutures were
removed, and the conjunctiva was sutured with
absorbable surgical sutures. A 0.3% gatifloxacin
eye gel and tobramycin dexamethasone were
applied to all eyes four times a day for 1 week to
avoid infection.

Statistical Analysis

SPSS version 18.0 (SPSS, Chicago, IL, USA) was
used for all statistical analyses. Measurements
are presented as mean ± standard deviation.
Two-way repeated measures analysis of variance
(ANOVA) was used to assess the differences
among the eyes at baseline and the scheduled
follow-up time points and differences between
experimental eyes and control eyes. P\0.05
was considered statistically significant.

RESULTS

Five patients with 10 eyes diagnosed with
pathological myopia were recruited. Patient 2
had renal failure, so follow-up was not com-
pleted after 3 months. As a result of the impact
of COVID-19, the other four patients all missed

the 6-month postoperative follow-up but com-
pleted 12 months follow-up.

Table 1 shows the baseline characteristics of
patients’ eyes. The mean SE was
- 22.13 ± 5.57 D and the mean AL was
33.04 ± 3.59 mm in the experimental eyes,
while the mean SE was - 18.25 ± 7.64 D and
the mean AL was 31.91 ± 4.29 mm in the con-
trol eyes. Figure 2 shows the state of the fundus
in these eyes. In experimental eyes, OCT
showed retinoschisis in two eyes, CNV fibrosis
in one eye, and retinal atrophy in two eyes. In
control eyes, OCT showed retinoschisis in two
eyes, CNV fibrosis in one eye, retinal atrophy in
one eye, while one eye appeared relatively
normal (Fig. 2). Figure 3 shows the baseline
retinal thickness of both experimental eyes and
control eyes.

No signs of inflammation were observed
after surgery or throughout the follow-up per-
iod. After surgery, none of the patients had any
symptoms such as redness or eye pain. Con-
junctival sutures were removed under a slit
lamp at 1 week after surgery. The conjunctiva
was well aligned, no conjunctival granulomas
were formed, and no complications, such as
scleral dissolution, occurred.

Table 1 General patient characteristics

Patient no. Age (years) Sex Eye BCVA SE (D) AL (mm) Cells (/mm2)

1 30 Male E 0.05 - 29.00 37.75 3012.9

C 0.1 - 29.00 37.74 2863.1

2 65 Male E LP - 20.50 32.08 2390.5

C 0.2 - 14.50 30.55 2317.5

3a 71 Female E 0.03 ? 0.50 35.63 1374.1

C 0.3 - 1.50 34.81 2408.6

4 80 Female E FC - 15.50 29.01 2325.8

C 0.2 - 15.50 29.32 2582.5

5 55 Female E FC - 22.00 30.72 3579.4

C 0.8 - 12.50 27.15 3558.3

E experimental eye, C control eye, BCVA best corrected visual acuity, SE spherical equivalent, AL axial length, Cells corneal
endothelial cells, LP light perception, FC finger counting
aReceived phaco ? intraocular lens 5 years previously

Ophthalmol Ther



Table 2 shows the spherical equivalent and
axial length (AL) at different pre- and postop-
erative periods in experimental eyes and control
eyes. The differences within groups were not
significant (P[0.05). It is noteworthy that the
fluctuations of patients 1’s SE was relatively
large (- 29.00 D/- 29.00 D at baseline, and -

40.00 D/- 40.00 D, - 33.00 D/- 30.00 D, -

40.00 D/- 40.00 D, and - 38.00 D/- 37.00 D in
the experimental eye/control eye at 1 week,
1 month, 3 months, and 12 months, respec-
tively). The other four patients’ SE values were
relatively stable. At the last follow-up, the axial
length of both experimental and control eyes
was slightly prolonged in three patients, while

the axial length of other two patients was
shortened (Table 2). The corneal endothelial
counts of baseline were 2536.54 ± 826.35 and
2746.00 ± 499.43 in experimental eye and
control eye, respectively; those at last follow-up
were 2409.65 ± 915.91 and 2697.80 ± 32.95,
respectively. The difference is not statistically
significant. Intraocular pressure was in the
normal range at all postoperative time points.

The stability and reliability of the f-ERG data
were poor because three patients could not
tolerate the corneal electrode and had poor
fixation. The f-ERG examination was explicitly
refused by these patients at postoperative fol-
low-up time.

Fig. 2 Fundus situation at baseline. a Experimental and
b control eye of patient 1; c experimental and d control
eye of patient 2; e experimental and f control eye of

patient 3; g experimental and h control eye of patient 4;
i experimental and j control eye of patient 5
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The fundus conditions at the last follow-up
are shown in Fig. 4. After the pupils were dila-
ted, the fundus was checked carefully, and no
retinal necrosis or pigment disorder was found
in the experimental eyes at the irradiation
zones. OCT examination showed complete
retinoschisis resolution in both of patient 1’s
eyes, partial resolution in both of patient 4’s
eyes (with a little fold in the control eye), and a
slight change in patient 2’s control eye. OCT
also showed that myopic CNV fibrosis was
unchanged in both patient 3’s eyes and
patient 4’s control eyes. Retinal and choroidal
atrophy of both of patient 5’s eyes remained
unchanged. Thus, taken together, retinoschisis
was improved, while CNV fibrosis and retinal
and choroidal atrophy were unchanged after
both surgeries.

The OA, CRA, and PCA parameters of CDFI
are shown in Fig. 5. There were no statistically
significant differences between or within
experimental and control eyes at baseline, or at
1 week, 1 month, 3 months, or 12 months post-
procedure.

The differences of central retinal thickness
between experimental and control eyes at
baseline were significant, while there were no
statistically significant differences between or
within experimental and control eyes at base-
line, or at 1-week, 1-month, 3-months, or

12-months postoperatively in other area.
(Fig. 6).

DISCUSSION

Pathological myopia has been reported as the
primary cause of blindness or low vision in
12–27% of the world’s population, and is par-
ticularly prevalent in Asia [2, 17]. The excessive
axial elongation and associated local ectasia of
the posterior sclera eventually lead to charac-
teristic retinal and choroidal lesions [18]. Thus,
there is an urgent need for a method to slow
down the progression of myopia and to avoid
complications.

Previous studies have shown that scleral CXL
techniques can strengthen scleral biomechani-
cal rigidity [15] and control myopia progression
[19]. We previously verified the long-term safety
of scleral CXL in rhesus monkeys’ eyes, both in
terms of ocular biological parameters in vivo
and histopathological parameters in vitro.
There are still some differences between human
eyes and rhesus monkey eyes. Before applying
this method to clinically prevent and control
myopia progression on a large scale, we still
need to explore the feasibility and safety of
scleral CXL in human eyes. Posterior scleral
reinforcement (PSR) is the most widely used

Fig. 3 Baseline retinal thickness of both experimental eyes and control eyes
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method to control the progress of high myopia.
Compared with PSR, scleral CXL forms addi-
tional covalent bonds between stromal collagen
molecules, which not only solved the problem
of insufficient reinforcement material but also
reduced the complications associated with for-
eign implants. Therefore, we considered it
important to investigate the feasibility and
safety of scleral CXL in pathologically blind
eyes, and compare with PSR to see whether it
has the same effect, in view of applying this
procedure clinically for prevention and control
of myopia instead of PSR.

In the present study, we used scleral CXL in
pathologically blind human eyes, which has not
been reported previously. The surgical plan was
improved compared to that in the original

animal study. A method to effectively expose
the equatorial posterior sclera without severing
the muscle was explored and realized. This
guaranteed the effectiveness of the operation.
Thus we here succeeded in transfer of the
technique of scleral CXL from animal experi-
mental eyes to clinical human eyes. No signs of
inflammation were observed after either type of
surgery, or throughout the follow-up period. At
the last follow-up, patients’ feelings and satis-
faction with both surgery types were surveyed,
and all patients reported experiencing greater
comfort in the experimental eye.

No signs of inflammation were found after
surgery or throughout the follow-up period. In
the analysis of ocular biometry, the refractive
status, AL, and central retinal thickness were

Table 2 Axial length and SE at different time points before and after surgery in experimental and control eyes

Patient
no.

Eye Baseline 1 week 1 month 3 months 12 months

AL
(mm)

SE (D) AL
(mm)

SE (D) AL
(mm)

SE (D) AL
(mm)

SE (D) AL
(mm)

SE (D)

1 E 37.75 -

29.00

37.72 -

40.00

37.99 -

33.00

37.95 -

40.00

38.03 -

38.00

C 37.74 -

29.00

37.72 -

40.00

37.83 -

30.00

37.87 -

40.00

37.96 -

37.00

2 E 32.08 -

20.50

32.01 -

32.00

32.10 -

32.00

32.14 -

32.00

–

C 30.55 -

14.50

30.65 -

19.50

30.53 -

18.50

30.60 -

18.00

–

3 E 35.63 ? 0.50 35.61 - 3.25 34.79 - 3.25 35.88 - 2.50 36.03 - 2.25

C 34.81 - 1.50 34.68 - 2.25 34.76 - 2.25 34.99 - 2.25 35.06 - 2.25

4 E 29.01 -

15.50

28.88 -

13.50

28.96 -

14.50

28.83 -

13.50

28.87 -

13.75

C 29.32 -

15.50

29.33 -

17.25

29.28 -

17.75

29.34 -

17.75

29.44 -

17.75

5 E 30.72 -

21.50

30.35 -

26.25

30.55 -

28.75

30.55 -

27.50

30.20 -

23.50

C 27.15 -

12.00

27.11 -

12.75

27.09 -

13.25

27.10 -

12.75

27.19 -

12.75

E experimental eye, C control eye, AL axial length, SE spherical equivalent
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significantly worse in the experimental eyes at
baseline, while the differences at any of the time
points within experimental eyes and control
eyes were not significant. There were no signif-
icant differences in corneal endothelial counts
between and within experimental eyes and
control eyes at any of the follow-up time points.
The results were consistent with our previous
experiments [16, 20, 21], illustrating that scleral
CXL did not affect basic ocular biological
parameters of pathologically blind eyes.
Retinoschisis was improved, while CNV fibrosis
and retinal and choroidal atrophy were
unchanged after scleral CXL.

At the last follow-up, the axial length of both
experimental and control eyes was slightly
prolonged in three patients, while the axial
length of other two patients was shortened.
Although the effectiveness of scleral CXL in
controlling the axial length is not yet clear, it
can be speculated from these five patients that
its maintenance effect on axial length may be
equivalent to that of PSR.

Previous studies [22, 23] showed that the
central retinal thickness of high myopia was
about 273.62 mm, while the central retinal
thickness of experimental eyes in our research
was significantly thinner at about 210.80 mm.
In this case, the retina is more likely to progress
and become thinner or thicker as a result of
CNV, edema, and hemorrhage. Qiao et al. [24]
found that the retinal thickness of the para-
fovea sector decreased significantly after PSR,
which they attributed to relaxation of anterior
directed forces from the internal limiting
membrane or adherent vitreous cortex. In this
research, we found that retinoschisis was
improved, and CNV fibrosis and retinal and
choroidal atrophy were unchanged 12 months
postoperatively after both surgeries. And the
differences within experimental and control
eyes at baseline, or at 1 week, 1 month,
3 months, or 12 months postoperatively were
not statistically significant. We believe that
both surgical methods can prevent further

Fig. 4 Color fundus photography (optos) at last follow-
up. a Experimental and b control eye of patient 1;
c control and d experimental eye of patient 2;

e experimental and f control eye of patient 3; g experi-
mental and h control eye of patient 4; i experimental and
j control eye of patient 5
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deterioration of fundus lesions to a certain
extent.

The vessel density of the superficial capillary
plexus and choroidal thickness monitored by
OCT angiography (OCTA) were initially asses-
sed. As a result of the markedly long AL and lack
of fixation of the blinded experimental eye, it
was difficult to capture accurate data. Therefore,
the OCTA test was abandoned. CDFI is another
noninvasive and quantitative method for
monitoring vascular hemodynamics [25, 26]. In
the present study, retinoschisis and CNV
occurred at different degrees in the fundus of
each of the five patients. Previous studies found
that PSR can improve CNV and macular split-
ting in pathological myopia cases [27, 28]. It can
increase postoperative choroidal blood flow and
improve the macular ischemic and hypoxic

environment through retrobulbar stimulation
and generation of new, nourishing blood ves-
sels. However, some studies reported that only
early blood flow (6 months) was improved after
posterior scleral reinforcement, while no sig-
nificant long-term difference was found by
color Doppler ultrasonography [29]. Ozen and
Aslan [25] evaluated late monocular blindness
through color Doppler ultrasonography and
showed that vascular hemodynamics were not
affected. In the present study, we evaluated the
retrobulbar flow parameters of the scleral CXL
eyes and compared them with those of the PSR
eyes. We found no statistically significant dif-
ferences in these parameters between or within
experimental and control eyes at baseline, or at
1 week, 1 month, 3 months, and 12 months
postoperatively. However, there was a non-

Fig. 5 Preoperative and postoperative measurements of PSV, EDV, RI in OA, CRA, and PCA. CRA, central retinal artery;
EDV, end diastolic velocity; PCA, posterior ciliary artery; OA, ophthalmic artery; RI, resistive index
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statistically significant but notable slightly
improving trend of blood flow at the posterior
pole after CXL, while the blood flow after PSR
showed a downward trend at 12 months
(Fig. 5). This result was consistent with previous
studies [9, 29], reflecting that PSR can only
improve short-term blood flow and had no
long-term effect. Although the difference
between experimental and control eyes was not
statistically significant, we can speculate that
scleral CXL has the same effect as PSR, both
improving or maintaining blood flow in the
posterior pole to a certain extent.

Potential limitations of this study should be
mentioned. First, the results of retinal function
were not provided. On the one hand, retinal
function of pathologically blind eyes itself was
abnormal, when the sample size was only five
cases, the difference was hardly statistically

significant. On the other hand, the patients
were generally older and explicitly refused the
f-ERG test because of uncomfortable testing
procedures. Hence, further research on a larger
sample of pathologically eyes is required. Sec-
ond, the retinal and choroid parameters mea-
sured in this study were limited to the posterior
pole of the eyeball, because no OCT device
currently provides software for measurement in
the equatorial region. However, this study
aimed to explore the feasibility and safety of
equatorial cross-linking during clinical practice
on the basis of previous studies.

CONCLUSION

This pilot in vivo study verified the feasibility
and safety of scleral CXL in human blind eyes.

Fig. 6 Preoperative and postoperative measurements of retinal thickness
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No obvious infection occurred and retinoschisis
was partly improved after the operation. So, this
equatorial posterior sclera CXL seems to have
the same effect as PSR and may be a potential
method for preventing progression of patho-
logical myopia in the future.

ACKNOWLEDGEMENTS

We thank the participants of the study.

Funding. This work was supported by
research and transformation application of
capital clinical diagnosis and treatment tech-
nology by Beijing Municipal Commission of
Science and Technology [number
Z201100005520043; http://sq.bjkw.net.cn/;
Fengju Zhang]; the 215 High-Level Talent Fund
of Beijing Health Government under Grant
[number 2013-2-023; http://www.bjchfp.gov.
cn/ Fengju Zhang]; This work was supported
by the National Natural Science Foundation of
China under Grant [81873682; http://
www.nsfc.gov.cn/]; and the priming scientific
research foundation for the junior researcher in
Beijing Tongren Hospital, Capital Medical
University (2019-YJJ-ZZL-042, http://www.
trkygls.com/business/login.jsp; Yu Li). The
journal’s Rapid Service fee was funded by the
authors.

Author Contributions. Conceptualization:
the design of the study, conducting the study,
review and approval of the manuscript: Fengju
Zhang. Data collection, data management, data
analysis, interpretation of the data, preparation:
Yu Li Perform PSR surgery: Yue Qi. Assisted
operation: Mingshen Sun and Yu Li. Provided
the instrument used in the experiment and
made contribution the design of work: Chang-
bin Zhai, Wenbin Wei. All authors read and
approved the final manuscript.

Disclosures. Yu Li, Yue Qi, Mingshen Sun,
Changbin Zhai, Wenbin Wei, and Fengju Zhang
confirm that they have no conflicts of interest
to disclose.

Compliance with Ethics Guidelines. This
research followed the tenets of the Declaration
of Helsinki. And approved by the Institutional
Ethics Committee of Beijing Tongren Hospital
(ChiCTR2100042422), Capital Medical Univer-
sity. All participants provided signed informed
consent for their participation.

Data Availability. The data sets used and/or
analyzed during the current study are available
from the corresponding author upon reasonable
request.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES

1. Liang YB, Friedman DS, Wong TY, et al. Prevalence
and causes of low vision and blindness in a rural
chinese adult population: the Handan Eye Study.
Ophthalmology. 2008;115(11):1965–72.

2. Xu L, Wang Y, Li Y, et al. Causes of blindness and
visual impairment in urban and rural areas in Bei-
jing: the Beijing Eye Study. Ophthalmology.
2006;113(7):1134e1131-1134e1111.

3. Holden BA, Fricke TR, Wilson DA, et al. Global
prevalence of myopia and high myopia and tem-
poral trends from 2000 through 2050. Ophthal-
mology. 2016;123(5):1036–42.

Ophthalmol Ther

http://sq.bjkw.net.cn/
http://www.bjchfp.gov.cn/
http://www.bjchfp.gov.cn/
http://www.trkygls.com/business/login.jsp
http://www.trkygls.com/business/login.jsp
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


4. Guo Y, Liu L, Zheng D, et al. Prevalence and asso-
ciations of fundus tessellation among junior stu-
dents from greater Beijing. Invest Ophthalmol Vis
Sci. 2019;60(12):4033–40.

5. Luong TQ, Shu Y-H, Modjtahedi BS, et al. Racial and
ethnic differences in myopia progression in a large,
diverse cohort of pediatric patients. Invest Oph-
thalmol Vis Sci. 2020;61(13):20.

6. Wong YL, Zhu X, Tham YC, et al. Prevalence and
predictors of myopic macular degeneration among
Asian adults: pooled analysis from the Asian Eye
Epidemiology Consortium. Br J Ophthalmol. 2020.
https://doi.org/10.1136/bjophthalmol-2020-
316648.

7. Chen CA, Lin PY, Wu PC. Treatment effect of pos-
terior scleral reinforcement on controlling myopia
progression: a systematic review and meta-analysis.
PLoS ONE. 2020;15(5): e0233564.

8. Mo J, Duan A-L, Chan S-Y, Wang X-F, Wei W-B.
Application of optical coherence tomography
angiography in assessment of posterior scleral
reinforcement for pathologic myopia. Int J Oph-
thalmol. 2016;9(12):1761–5.

9. Zhang Z, Qi Y, Wei W, et al. Investigation of mac-
ular choroidal thickness and blood flow change by
optical coherence tomography angiography after
posterior scleral reinforcement. Front Med (Lau-
sanne). 2021;8: 658259.

10. Wollensak G, Spoerl E. Collagen crosslinking of
human and porcine sclera. J Cataract Refract Surg.
2004;30(3):689–95.

11. Wang M, Zhang F, Qian X, Zhao X. Regional
biomechanical properties of human sclera after
cross-linking by riboflavin/ultraviolet A. J Refract
Surg. 2012;28(10):723–8.

12. Dotan A, Kremer I, Livnat T, Zigler A, Weinberger
D, Bourla D. Scleral cross-linking using riboflavin
and ultraviolet-A radiation for prevention of pro-
gressive myopia in a rabbit model. Exp Eye Res.
2014;127:190–5.

13. Rong S, Wang C, Han B, et al. Iontophoresis-as-
sisted accelerated riboflavin/ultraviolet A scleral
cross-linking: a potential treatment for pathologic
myopia. Exp Eye Res. 2017;162:37–47.

14. Xuemin ZXZ, Fengju Z, Miao Z. Investigation on
the concentration of riboflavin in sclera tissue.
Chin J Ophthalmol. 2015;51(6):450–4.

15. Sun MZF, Li Y, Ouyang B, et al. Evaluation of the
safety and long-term scleral biomechanical stability
of UVA cross-linking on scleral collagen in rhesus
monkeys. J Refract Surg. 2020;36(10):696–702.

16. Sun M, Zhang F, Ouyang B, et al. Study of retina
and choroid biological parameters of rhesus mon-
keys eyes on scleral collagen cross-linking by ribo-
flavin and ultraviolet A. PLoS ONE. 2018;13(2):
e0192718.

17. Mackey DA, Lingham G, Lee S, et al. Change in the
prevalence of myopia in Australian middle-aged
adults across 20 years. Clin Exp Ophthalmol. 2021.
https://doi.org/10.1111/ceo.13980.

18. Peng C, Xu J, Ding X, et al. Effects of posterior
scleral reinforcement in pathological myopia: a
3-year follow-up study. Graefes Arch Clin Exp
Ophthalmol. 2019;257(3):607–17.

19. Liu S, Li S, Wang B, et al. Scleral cross-linking using
riboflavin UVA irradiation for the prevention of
myopia progression in a guinea pig model: blocked
axial extension and altered scleral microstructure.
PLoS ONE. 2016;11(11): e0165792.

20. Li Y, Liu C, Sun M, et al. Ocular safety evaluation of
blue light scleral cross-linking in vivo in rhesus
macaques. Graefes Arch Clin Exp Ophthalmol.
2019;257(7):1435–42.

21. Ou-Yang B-W, Sun M-S, Wang M-M, Zhang F-J.
Early changes of ocular biological parameters in
rhesus monkeys after scleral cross-linking with
riboflavin/ultraviolet-A. J Refract Surg. 2019;35(5):
333–9.

22. Milani P, Montesano G, Rossetti L, Bergamini F,
Pece A. Vessel density, retinal thickness, and
choriocapillaris vascular flow in myopic eyes on
OCT angiography. Graefes Arch Clin Exp Oph-
thalmol. 2018;256(8):1419–27.

23. Moon JY, Garg I, Cui Y, et al. Wide-field swept-
source optical coherence tomography angiography
in the assessment of retinal microvasculature and
choroidal thickness in patients with myopia. Br J
Ophthalmol. 2021. https://doi.org/10.1136/
bjophthalmol-2021-319540.

24. Qiao L, Zhang X, Jan C, Li X, Li M, Wang H. Mac-
ular retinal thickness and flow density change by
optical coherence tomography angiography after
posterior scleral reinforcement. Sci China Life Sci.
2019;62(7):930–6.

25. Ozen O, Aslan F. An evaluation using colored
Doppler ultrasonography of central retinal artery
hemodynamics in the healthy eye in individuals
with late monocular blindness. Ultrasound Q.
2020;36(3):280–3.

26. Reddy R. Usefulness of color Doppler imaging of
orbital arteries in young hypertensive patients. Proc
(Bayl Univ Med Cent). 2019;32(4):514–9.

Ophthalmol Ther

https://doi.org/10.1136/bjophthalmol-2020-316648
https://doi.org/10.1136/bjophthalmol-2020-316648
https://doi.org/10.1111/ceo.13980
https://doi.org/10.1136/bjophthalmol-2021-319540
https://doi.org/10.1136/bjophthalmol-2021-319540


27. Zhu S-Q, Pan A-P, Zheng L-Y, Wu Y, Xue A-Q.
Posterior scleral reinforcement using genipin-cross-
linked sclera for macular hole retinal detachment in
highly myopic eyes. Br J Ophthalmol.
2018;102(12):1701–4.

28. Xue A, Zheng L, Tan G, et al. Genipin-crosslinked
donor sclera for posterior scleral contraction/

reinforcement to fight progressive myopia. Invest
Ophthalmol Vis Sci. 2018;59(8):3564–73.

29. Hai XQS, Tian H, Hou Q. A preliminary color
Doppler study on ocular hemodynamics of poste-
rior scleral reinforcement surgery. Chin J Pract
Ophthalmol. 2015;33:41–3.

Ophthalmol Ther


	Clinical Feasibility and Safety of Scleral Collagen Cross-Linking by Riboflavin and Ultraviolet A in Pathological Myopia Blindness: A Pilot Study
	Abstract
	Introduction
	Methods
	Results
	Conclusions
	Trial Registration

	Introduction
	Methods
	Subjects
	Clinical Examination
	Measurement of Color Doppler Flow
	Measurement of Retinal Thickness
	Surgery
	PSR Surgery
	Scleral CXL
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References




