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Abstract

Background: Implantation of the posterior chamber phakic intraocular lens has been widely performed to correct
high and extreme myopia. Chronic intraocular pressure (IOP) elevation may occur in its late postoperative period.
For medically uncontrolled cases, surgical treatment is necessary, and benefits should be weighed against risks
when determining whether to remove the lens.

Case presentation: A 32-year-old man with extremely high myopia presented with progressive blurred vision and
medically uncontrolled IOP in the right eye. His past ocular history was significant for bilateral implantable collamer
lens (ICL) implantation ten years ago. On ophthalmic examination, the ICL was well placed with a vault height of
456 um in the right eye. The anterior chamber angles were open but narrow, and mild to moderate trabecular
pigmentation was noted. Ex-PRESS glaucoma filtration surgery without ICL removal was performed to control IOP.
During surgery, an Ex-PRESS P50 shunt was inserted into the anterior chamber via the front edge of the blue-grey
transition zone between the sclera and cornea. Transient hypotony and shallow anterior chamber occurred in the
first week after surgery, along with an ICL tilt towards the cornea with reduced vault height. No other
complications related to either the ICL or the Ex-PRESS shunt were noted. IOP remained stable at 12 ~ 14 mmHg at
the first 3-month follow-up.

Conclusions: Ex-PRESS glaucoma filtration surgery might be a safe and effective alternative treatment for
intractable glaucoma with high myopia and ICL implantation. Careful assessment of the ICL position and anterior
chamber angle is necessary to plan the appropriate surgical procedure. A postoperative shallow anterior chamber
may result in ICL dislocation.
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Background

Posterior chamber phakic intraocular lens implantation
is widely accepted and performed to correct high and
extreme myopia. In this procedure, an implantable colla-
mer lens (ICL) with a plate haptic design and anterior
lens vaulting is injected through a clear corneal incision
and placed in the posterior chamber and ciliary sulcus.
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Since its first implantation in 1993, multiple revisions
have been made in material and design to increase appli-
cations and minimize complications [1]. Clinical investi-
gations have demonstrated that ICL implantation
provides satisfactory refractive outcomes and long-term
stability [2—6]. Although relatively safe, ICL implantation
is associated with complications, such as postoperative
intraocular pressure (IOP) elevation, cataract formation,
and corneal endothelial cell loss [7]. We present a case
of open angle glaucoma with high myopia and a history
of bilateral ICL implantation ten years ago. The IOP was
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not controlled well despite maximum tolerated anti-
glaucoma medications, and Ex-PRESS glaucoma filtra-
tion surgery was subsequently performed.

Case presentation

A 32-year-old man was referred for medically uncon-
trolled glaucoma. He had extremely high myopia and
underwent bilateral ICL implantation surgery in 2009.
Two months ago, he went to an outside hospital due to
progressive blurred vision in the right eye and was diag-
nosed with glaucoma. He was treated with 4 topical
anti-glaucoma medications, including Cartelol, Brimoni-
dine, Latanoprost, and Brinzolamide; however, the IOP
was not controlled well in the right eye.

On presentation, the best corrected visual acuity
(BCVA) was 20/50 in the right eye and 20/40 in the left
eye. IOP was 37.3 mmHg in the right eye and
15.2 mmHg in the left eye (CT-80, Topcon Corp.,
Tokyo, Japan). On slit-lamp examination, the presence
of well-placed ICLs without a central hole and patent
peripheral iridotomies were noted in both eyes (Fig. 1a).
The crystalline lenses were clear, and the fundus showed
leopard change, Fuchs spots, lacquer cracks, and large
parapapillary atrophy. The corneal endothelial cell dens-
ity was 2569 cells/mm? in the right eye and 2747 cells/
mm? in the left eye. An optical coherence tomography
(OCT) scan revealed significant thinning of the mean
retinal nerve fibre layer thickness in all sectors in both
eyes. The standard automated perimetry (Humphrey
Field Analyser, 30-2 pattern, Carl Zeiss Meditec,
Dublin, CA, USA) revealed severe visual field loss with
mean deviations of -23.25 dB and - 23.70 dB in the right
and left eyes, respectively. The B ultrasonography scan
revealed posterior vitreous detachment and significant
posterior scleral staphyloma in both eyes. The axial
length was 34.32 mm in the right eye and 33.43 mm in
the left eye.

The ICL position and anterior chamber angles were
carefully assessed with anterior segment OCT (CASIA,
Tomey Corp., Nagoya, Japan). ICLs were well placed
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with vault heights of 456 pm and 629 pum in the right
(Fig. 2a) and left eyes, respectively. The trabecular-iris
angles at 500 pm from the scleral spur (TIA500) ranged
from 13.5 degrees to 25.2 degrees in all quadrants of
both eyes. The angle opening distance at 500 pm from
the scleral spur (AOD500) was 0.27 mm and 0.22 mm in
the superior quadrant of the right and left eyes, respect-
ively. Gonioscopy showed that the angles were open but
narrow (Shaffer grade II-III) with mild to moderate tra-
becular pigmentation in both eyes (Fig. 3a, b).

Ex-PRESS glaucoma filtration surgery was performed
in the right eye. Under peribulbar anaesthesia, fornix-
based peritomy and a 3*4 mm? half-layer scleral flap
were prepared in the nasal superior quadrant. A piece of
cotton soaked with 0.4 mg/mL mitomycin-C was then
placed under the scleral flap for 2 minutes before irriga-
tion with balanced salt solution. With a 26-gauge needle,
a penetration parallel to the iris plane was made into the
anterior chamber at the front edge of the blue-grey tran-
sition zone between the sclera and the cornea, and visco-
elastic agent was injected to maintain the peripheral
anterior chamber. An Ex-PRESS P50 shunt (Alcon La-
boratories, Fort Worth, TX, USA) was inserted into the
anterior chamber via the penetration site. The scleral
flap was sutured at the corners, and the conjunctiva flap
was sutured closely. The patency of the shunt and the
water-tightness of the bleb were examined by inflating
the anterior chamber with balanced salt solution. The
patient was treated with topical tobramycin-
dexamethasone drops postoperatively, which was initially
given per 2 hours for 3 days and then tapered weekly.

On postoperative day 1, the BCVA was 20/60, and the
IOP was 6 mmHg. Slit lamp examination revealed a
slightly shallow anterior chamber compared with the left
eye (Fig. 1b). The ICL appeared to tilt towards the cor-
nea and against the pupil margin (Figs. 1b and 2b). The
ICL vault height was 431 pum based on measurements
with anterior segment OCT on postoperative day 2. The
IOP increased to 9 mmHg, and the anterior chamber

Fig. 1 Slit-lamp photographs of the right eye. a The well-placed ICL and patent peripheral iridotomy on presentation. b The slightly shallow
anterior chamber with the presence of ICL and Ex-PRESS shunt on postoperative day 1. The ICL appeared to tilt towards the cornea, and the
pupil was dilated. ¢ The well-placed Ex-PRESS shunt with a diffuse and avascular bleb 3 months after surgery
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Fig. 2 Anterior segment OCT images of the right eye. a The well-placed ICL and narrow trabecular-iris angles on presentation. b The slightly
shallow anterior chamber with ICL tilting towards the cornea 2 days after Ex-PRESS shunt implantation. ¢ The well-placed ICL and Ex-PRESS shunt
with a well-functioning bleb 1 month after surgery. The internal fluid-filled cavity (white arrow) and hyporeflective area (*) are noted in the bleb

depth increased after one week. One month after sur-
gery, the BCVA was 20/50, and the IOP was 12 mmHg.
The ICL returned to a well-placed position with a vault
height of 451 um (Fig. 2c). A functioning bleb with an
internal fluid-filled cavity and hyporeflective area was
noted by anterior segment OCT imaging. During the 3-
month follow-up, the IOP remained stable at 12~
14 mmHg, and the Ex-PRESS shunt was well positioned
with a diffuse and avascular bleb (Fig. 1c).

Discussion and conclusions

To the best of our knowledge, this is the first report of
Ex-PRESS glaucoma filtration surgery in a highly myopic
eye after ICL implantation without ICL removal. In the
present case, the IOP was controlled well during the
postoperative 3-month follow-up. Transient hypotony
and shallow anterior chamber occurred at an early stage
after surgery along with an ICL tilt towards the cornea

with reduced vault height. No other complications re-
lated to either the ICL or the Ex-PRESS shunt were ob-
served during follow-up.

IOP elevation following ICL implantation may occur
in the early or late postoperative period due to various
mechanisms. Remnants of viscoelastic material, steroid
response, pupillary block, and overestimation of the ICL
size were associated with early elevated IOP, which was
typically observed within the first month postoperatively
[4, 8-10]. With appropriate management, most cases
were transient, and the IOP remained stable during
follow-up. Chronic IOP elevation was less frequently re-
ported in the literature, and its reported incidence
ranges from 0-12.9% [2-6, 10-12]. Sanchez-Galeana
et al. [13] reported a case of refractory IOP elevation
with significant pigment dispersion following ICL im-
plantation. A pigmented spindle on the cornea, in-
creased pigment over the ICL, and dense pigment in the
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pigmentation in the inferior (a) and superior (b) quadrants
A\

Fig. 3 Gonioscopic photographs of the right eye. The angles were open but narrow (Shaffer grade [I-Ill) with mild to moderate trabecular

inferior angle and patent laser iridotomy were noted
6 months after surgery. IOP was uncontrollable with
medical therapy, and ICL explantation and trabeculect-
omy were performed. Choi et al. [6] reported another
case of pigmentary glaucoma after ICL surgery. In that
case, glaucoma filtration surgery was performed 5 years
after ICL implantation without ICL removal. In a 10-
year follow-up of 133 eyes, Guber et al. [5] reported that
12 eyes (12.9%) developed chronic IOP elevation that re-
quired medical treatment, and pigmentation was ob-
served in the angles in those cases. Pigment dispersion,
which may result from chronic iris chafing, represents a
likely cause for secondary glaucoma after ICL implant-
ation in the long term.

In the present case, only mild to moderate trabecular
pigmentation was observed in the anterior chamber an-
gles rather than significant trabecular pigmentation.
Hence, pigment dispersion alone may not be able to

completely explain the mechanism of glaucoma. It is im-
portant to note that high myopia has been a well-
established risk factor for glaucoma [14]. High myopia
with myopic refractive error of greater than — 8 diopters
was strongly associated with glaucoma [15, 16]. The my-
opic appearance of the optic nerve head frequently
makes the detection of glaucomatous optic neuropathy
difficult, and the diagnosis of glaucoma can be missed in
highly myopic eyes when the IOP is within the normal
range. We therefore hypothesise that the glaucoma was
caused by mixed mechanisms in the present case. This
case might be a missed case of juvenile open angle glau-
coma with extremely high myopia that subsequently
worsened following ICL implantation associated with
pigment dispersion.

Due to the likely mixed mechanisms, the IOP may not
be controlled well by ICL explantation alone. In the case
of ICL explantation, clear lens extraction and intraocular
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lens implantation might then be required to correct the
extremely high myopia for this 32-year-old patient who
is in his working years. The intraoperative IOP fluctua-
tions, which may exceed 70 mmHg while dropping close
to 0 mmHg at times [17], would increase the extra risk
of further visual field damage. Furthermore, with intra-
ocular lens implantation, the patient would lose natural
accommodation, which is preserved well in ICL refract-
ive correction. For these reasons, we chose to retain the
ICL and perform glaucoma filtration surgery for this
young patient.

Ex-PRESS shunt implantation is equally efficacious as
conventional trabeculectomy in reducing IOP with fewer
intraoperative and postoperative complications [18, 19].
In this procedure, no tissue is removed, and the aqueous
humour is diverted from the anterior chamber to the
subconjunctival space through the fixed-size stainless-
steel lumen. The P50 model differs from the P200 model
with a 150-mm diameter inner bar across the lumen,
which was designed to limit the fluid flow [20, 21]. In
vitro experiments demonstrated that the effective lu-
minal diameter was actually greater than 50 pm with the
P50 model. As reported by meta-analysis, the Ex-Press
shunt was associated with a significantly reduced fre-
quency of postoperative hypotony and hyphema com-
pared with trabeculectomy [22].

As there is no need for an iridectomy and no removal
of scleral tissue, Ex-Press shunt would be less traumatic
than trabeculectomy for an eye with ICL implantation.
In the present case, we selected the Ex-PRESS P50 shunt
to reduce the chance of intraoperative and postoperative
changes in the anterior chamber depth, which may result
in dislocation of the ICL. As observed in the first week
after surgery, the ICL tilted towards the cornea with a
reduced vault height along with anterior chamber shal-
lowing and transient hypotony. Persistent postoperative
hypotony and a severe shallow anterior chamber may
cause irreversible changes in ICL position, or large
mechanical contact between the ICL and the iris or be-
tween the ICL and the crystalline lens, resulting in
chronic iritis, severe pigment dispersion, and cataract
formation. Hence, great care should be taken to prevent
persistent postoperative hypotony and shallow anterior
chamber.

Ex-PRESS shunt implantation is typically not recom-
mended for angle-closure glaucoma treatment due to
the narrow peripheral anterior chamber. In myopic eyes
with ICL implantation, the peripheral anterior chamber
is commonly narrower than its natural status. We care-
fully assessed the peripheral anterior chamber parame-
ters preoperatively. The AOD500 was 0.27 mm in the
superior quadrant of the right eye, whereas the average
external diameter of the Ex-PRESS P50 tube was
0.38 mm [21]. The peripheral anterior chamber would
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not be wide enough to accommodate the Ex-PRESS tube
if the device was inserted through the blue-grey transi-
tion zone, which corresponds to the location of the tra-
becular meshwork. Hence, we chose the front edge of
the blue-grey transition zone as the penetration site that
would allow more space to accommodate the Ex-PRESS
tube. Postoperative anterior segment OCT imaging con-
firmed the suitable Ex-PRESS position without contact
with either the iris or the cornea (Fig. 2c). Over a long
run, the peripheral anterior chamber may progressively
narrow due to the age-related lens thickening (cataract
formation). In that case, a laser iridoplasty around the
shunt may help resolve the mechanical contact between
the Ex-PRESS and the iris [23]. In cases with significant
cataract formation, ICL explantation and cataract sur-
gery would substantially deepen the peripheral anterior
chamber.

Long-term follow-up of IOP is necessary after ICL im-
plantation in highly myopic eyes. IOP elevation is caused
by a variety of aetiologies. Careful assessment of ICL
position and anterior chamber angles is important to
understand the mechanism of postoperative elevated
IOP and plan appropriate treatment. Our case demon-
strates the feasibility of Ex-PRESS glaucoma filtration
surgery for medically uncontrolled glaucoma without
ICL removal. The postoperative shallow anterior cham-
ber should be addressed with caution, as it may result in
ICL dislocation. The long-term efficacy and safety of Ex-
PRESS shunt implantation for highly myopic eyes after
ICL implantation remains to be determined.

Abbreviations

ICL: Implantable collamer lens; IOP: Intraocular pressure; BCVA: Best corrected
visual acuity; OCT: Optical coherence tomography; TIA500: Trabecular-iris
angles at 500 um from the scleral spur; AOD500: Angle opening distance at
500 pum from the scleral spur

Acknowledgements
We are thankful for the participation of the patient and his family.

Authors’ contributions

RH, WX, BH and XW took primary care of the patient. RH and XW designed
the current study and were major contributors in writing the manuscript. All
authors read and approved the final manuscript.

Funding

This study was supported by the National Natural Science Foundation of
China Grant 81900854, the Zhejiang Provincial Natural Science Foundation of
China Grant LQ17H120003, and the Health and Family Planning Commission
of Zhejiang Province Grant 2016KYA089.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

This study was approved by the ethics committee of The First Affiliated
Hospital, Zhejiang University School of Medicine and followed the tenets of
the Declaration of Helsinki. Written informed consent was obtained from the
patient for reporting this case.



Hu et al. BMC Ophthalmology

(2021) 21:20

Consent for publication
Patient has provided written consent to report data and publish findings in
case report.

Competing interests
The authors declare that they have no competing interests.

Received: 11 August 2020 Accepted: 21 December 2020
Published online: 07 January 2021

References

1.

20.

Wang X, Zhou X. Update on Treating High Myopia With Implantable
Collamer Lenses. Asia Pac J Ophthalmol (Phila). 2016;5(6):445-9.

Igarashi A, Shimizu K, Kamiya K. Eight-year follow-up of posterior chamber
phakic intraocular lens implantation for moderate to high myopia. Am J
Ophthalmol. 2014;157(3):532-9 el.

Moya T, Javaloy J, Montes-Mico R, Beltran J, Munoz G, Montalban R.
Implantable Collamer Lens for Myopia: Assessment 12 Years After
Implantation. J Refract Surg. 2015;31(8):548-56.

Lee J,Kim Y, Park S, Bae J, Lee S, Park Y, Lee J, Lee JE. Long-term clinical
results of posterior chamber phakic intraocular lens implantation to correct
myopia. Clin Exp Ophthalmol. 2016;44(6):481-7.

Guber I, Mouvet V, Bergin C, Perritaz S, Othenin-Girard P, Majo F. Clinical
QOutcomes and Cataract Formation Rates in Eyes 10 Years After Posterior
Phakic Lens Implantation for Myopia. JAMA Ophthalmol. 2016;134(5):487-94.
Choi JH, Lim DH, Nam SW, Yang CM, Chung ES, Chung TY. Ten-year clinical
outcomes after implantation of a posterior chamber phakic intraocular lens
for myopia. J Cataract Refract Surg. 2019;45(11):1555-61.

Fernandes P, Gonzalez-Meijome JM, Madrid-Costa D, Ferrer-Blasco T, Jorge J,
Montes-Mico R. Implantable collamer posterior chamber intraocular lenses:
a review of potential complications. J Refract Surg. 2011,27(10):765-76.
Almalki S, Abubaker A, Alsabaani NA, Edward DP. Causes of elevated
intraocular pressure following implantation of phakic intraocular lenses for
myopia. Int Ophthalmol. 2016;36(2):259-65.

Senthil S, Choudhari NS, Vaddavalli PK, Murthy S, Reddy JC, Garudadri CS.
Etiology and Management of Raised Intraocular Pressure following Posterior
Chamber Phakic Intraocular Lens Implantation in Myopic Eyes. PLoS One.
2016;11(11):20165469.

Alfonso JF, Baamonde B, Fernandez-Vega L, Fernandes P, Gonzalez-Meijome
JM, Montes-Mico R. Posterior chamber collagen copolymer phakic
intraocular lenses to correct myopia: five-year follow-up. J Cataract Refract
Surg. 2011,37(5):873-80.

Kamiya K, Shimizu K, Igarashi A, Hikita F, Komatsu M. Four-year follow-up of
posterior chamber phakic intraocular lens implantation for moderate to
high myopia. Arch Ophthalmol. 2009;127(7):845-50.

Chung TY, Park SC, Lee MO, Ahn K, Chung ES. Changes in iridocorneal
angle structure and trabecular pigmentation with STAAR implantable
collamer lens during 2 years. J Refract Surg. 2009;25(3):251-8.
Sanchez-Galeana CA, Zadok D, Montes M, Cortes MA, Chayet AS. Refractory
intraocular pressure increase after phakic posterior chamber intraocular lens
implantation. Am J Ophthalmol. 2002;134(1):121-3.

Jonas JB, Aung T, Bourne RR, Bron AM, Ritch R, Panda-Jonas S. Glaucoma
Lancet. 2017;390(10108):2183-93.

Xu L, Wang Y, Wang S, Wang Y, Jonas JB. High myopia and glaucoma
susceptibility the Beijing Eye Study. Ophthalmology. 2007;114(2):216-20.
Nagaoka N, Jonas JB, Morohoshi K, Moriyama M, Shimada N, Yoshida T,
Ohno-Matsui K. Glaucomatous-Type Optic Discs in High Myopia. PLoS One.
2015;10(10):20138825.

Wilbrandt HR, Wilbrandt TH. Evaluation of intraocular pressure fluctuations
with differing phacoemulsification approaches. J Cataract Refract Surg. 1993;
19(2):223-31.

Shaarawy T, Goldberg |, Fechtner R. EX-PRESS glaucoma filtration device:
Review of clinical experience and comparison with trabeculectomy. Surv
Ophthalmol. 2015;60(4):327-45.

Salim S. The role of the Ex-PRESS glaucoma filtration device in glaucoma
surgery. Semin Ophthalmol. 2013,28(3):180-4.

Estermann S, Yuttitham K, Chen JA, Lee OT, Stamper RL. Comparative

in vitro flow study of 3 different Ex-PRESS miniature glaucoma device
models. J Glaucoma. 2013;22(3):209-14.

21.

22.

23.

Page 6 of 6

Samsudin A, Eames |, Brocchini S, Khaw PT. Evaluation of Dimensional and
Flow Properties of ExPress Glaucoma Drainage Devices. J Glaucoma. 2016;
25(1):e39-45.

Wang W, Zhou M, Huang W, Zhang X. Ex-PRESS implantation versus
trabeculectomy in uncontrolled glaucoma: a meta-analysis. PLoS One. 2013;
8(5):€63591.

Hou A, Hasbrook M, Crandall D. A Case of Uveitis-Hyphema-Glaucoma
Syndrome Due to EX-PRESS Glaucoma Filtration Device Implantation. J
Glaucoma. 2019;28(10):e159-e61.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Discussion and conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

