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ABSTRACT

Introduction: The purpose of this study was to
describe the results using the Nd:YAG laser to
reopen blocked glaucoma tube shunts in three
ocular chemical burn patients with Boston ker-
atoprostesis type I (KPro) implantation.
Methods: The medical records of the three
patients at Zhongshan Ophthalmic Centre were
reviewed.
Results: Patient 1, who had glaucoma sec-
ondary to KPro implantation, had undergone
Ahmed glaucoma valve (AGV) implantation to
control an elevated intraocular pressure (IOP).
One day after surgery, the tube was observed to

be embedded in the residual lens capsule. The
capsule was opened by one 1.5 mJ laser pulse,
with a subsequent drop in the IOP. In patient 2,
the AGV and KPro had been implanted simul-
taneously. One month after surgery, the IOP
increased to 35 mmHg, estimated by palpation,
and a vitreous gel was seen blocking the tube.
A Nd:YAG laser pulse was used to open the
occluded tube. In patient 3, the tube was
blocked by iris tissue; Nd:YAG laser treatment
opened the tube.
Conclusions: The cases described here indicate
that Nd:YAG laser treatment seems to be a
valuable option for opening an occluded AGV
tube in patients with KPro implantation. The
correct location of the tube tip, visualized
through the KPro optic, is essential for laser
treatment.
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INTRODUCTION

Boston type I keratoprosthesis (KPro; Mas-
sachusetts Eye and Ear Infirmary, Boston, MA,
USA) is considered to be a viable treatment for
various corneal diseases, including repeated
graft failure, ocular chemical burns and stem
cell deficiency. However, sustained intraocular
pressure (IOP) elevation after KPro implantation
places visual function in jeopardy due to the
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potential for optic nerve damage. An additional
concern associated with high IOP after KPro
implantation is the mechanical stress placed on
the corneal carrier, which may result in ectasia.
The major risk factors for the development of
post-KPro glaucoma are pre-existing glaucoma,
aphakia and anterior synechiae. Chronic
inflammation is also associated with a high IOP.
Glaucoma drainage device (GDD) surgery is an
effective option to treat medically uncontrol-
lable glaucoma after KPro implantation,
although various complications are associated
with this surgery, including tube exposure, tube
occlusion and plate exposure and encapsulation
[1]. Here, we describe the use of the neodymium
(Nd):YAG laser to open occluded Ahmed glau-
coma valve (AGV; New World Medical, Inc.,
Rancho Cucamonga, CA, USA) tubes to restore
aqueous flow and control IOP in three patients
with severe ocular chemical burns who had
undergone KPro implantation.

METHODS

Design

This was a retrospective case series. The files of
three patients (three eyes) with KPro implanta-
tion were reviewed. All patients had suffered
severe ocular chemical burns and had been
treated with Nd:YAG laser pulse(s) to open
occluded AGV tubes.

This retrospective analysis was approved by
the institutional ethical committee of Zhong-
shan Ophthalmic Centre. All procedures fol-
lowed were in accordance with the Declaration
of Helsinki of 1964, as revised in 2013. All
patients provided written informed consent for
publication of clinical data.

CASE REPORT

Case 1

A52-year-oldmanpresented to our hospital with
decreased vision in both eyes due to ocular
chemical burns (lime) in 2018. He had under-
gone lamellar keratoplasty in the left eye 2 years

prior. On examination, his visual acuity (VA) in
both eyes was hand motions with accurate light
perception. Slit-lamp examination revealed total
corneal opacification with pannus in the right
eye. The left eye showed a failed large lamellar
corneal button with 360� corneal vasculariza-
tion. No underlying anterior chamber details
were visualized. Anterior segment ultrasound
(ultrasound biomicroscopy, UBM) revealed an
eye with a shallow anterior chamber depth and
180� peripheral anterior synechiae. IOP esti-
mated by digital palpation was in the normal
range. Ultrasound imaging showed no obvious
optic nerve cupping. After discussion with the
patient, it was decided to proceed with KPro
placement in the left eye in March 2018. His
cataract was removed at the time of surgery by
anterior vitrectomy, and an aphakic KPro was
placed. At postoperative week 4, he had 10/100
vision with a cup disc ratio of 0.5 (Fig. 1a). At
month 2, he started to develop glaucoma de
novo, with a decrease in vision to counting fin-
gers (FC) at 2 m. His IOP was uncontrolled with
topical and systemic anti-glaucoma medication,
and he therefore had an AGV placement
approximately 3 months after the KPro implan-
tation. The shunt tube was introduced into the
anterior chamber through a tract created by a
23-gauge syringe needle. The tip of the tube is
long enough to be seen through the KPro optic.
At postoperative day 1, the patient’s IOP was
35 mmHg, estimated by digital palpation, and
the tip of the tube was found to be embedded in
the residual lens capsule (Fig. 1b). This situation
was managed with one Nd:YAG laser pulse of
1.5 mJ to the membrane at the tube tip, which
ruptured themembrane (Fig. 1c). Themembrane
retracted posteriorly, and the IOP dropped to
15 mmHg, estimated by palpation. Topical ster-
oids were used to control the mild postoperative
inflammation.Todate, the IOPhas remained low
for 7 months. At the last follow-up, his visual
acuitywas FC at 1 inchwith a cup disc ratio of 0.9
(Fig. 1d).

Case 2

A 51-year-old man who presented to our hos-
pital with a diagnosis of ocular chemical burns

334 Ophthalmol Ther (2019) 8:333–339



had been injured by exposure to sodium
hydroxide 13 months prior. He was examined at
the Zhongshan Ophthalmic Centre Corneal
Service in July 2018. He had a VA of hand
motions in the right eye, and no light percep-
tion in the left eye. The IOP of the right eye,
with maximal anti-glaucoma drugs, was
30 mmHg, estimated by digital palpation. Ocu-
lar examination revealed 360� corneal vascu-
larization and total corneal opacification
(Fig. 2a). UBM showed 360� peripheral anterior
synechiae and iris-cornea touch. B-scan ultra-
sonography revealed the patient was phakic
with attached retina, vitreous debris and glau-
comatous cupping of the optic disc. The left eye

was phthisical and remarkable for extensive
symblephara. As penetrating keratoplasty was
doomed to fail, it was decided to implant a
KPro. KPro placement with combined extra-
capsular cataract extraction, open-sky anterior
vitrectomy and AGV implantation was per-
formed in September 2018. By postoperative
day 7, the patient’s VA was FC. His IOP was
approximately 15 mmHg, estimated by palpa-
tion. One month after surgery, he presented to
us with a 3-day history of increasing pain in the
right eye. His IOP was approximately 35 mmHg,
estimated by palpation. Slit-lamp examination
revealed the internal tube ostium was blocked
by vitreous with pigment deposited in it

Fig. 1 a One month after Boston keratoprosthesis (KPro)
implantation, laser retina scan image (Optomap�,
Optomap 200TxTM, Optos�, Marlborough, MA, USA)
of the left eye revealed a cup disc ratio of 0.5. b Slit-lamp
photograph of the left eye showing the tube was covered

with a residual lens capsule. c The occluding capsule was
perforated by a Nd:YAG laser pulse of 1.5 mJ. d Op-
tomap� image demonstrating glaucoma drainage implant
tube in the left eye with a cup disc ratio of 0.9
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(Fig. 2b). The patient was treated with four
Nd:YAG laser pulses of 1.8 mJ at the tube tip,
creating a full-thickness hole in the vitreous and
posterior retraction of the vitreous. Fluid tur-
bulence followed immediately, and a piston-like
movement of the micro air bubble in the tube
was observed (Fig. 2c; see also video in the
Electronic Supplementary Material). The IOP
dropped to 15 mmHg, and the ocular pain was
relieved. To date, the IOP has remained low for
3 months, and B-scan ultrasound demonstrated
a fluid-filled reservoir surrounding the GDD
plate (Fig. 2d).

Case 3

A 49-year-old man presented with total limbal
stem cell deficiency and opaque cornea (Fig. 3a)

following a chemical burn (cement) 3 years
prior. UBM showed 270� peripheral anterior
synechiae and iris-cornea touch. He was man-
aged with glaucoma drainage implant surgery
combined with pars plana vitrectomy and KPro
implantation [2]. At postoperative day 1, the tip
of the tube was found to be obstructed with iris
tissue (Fig. 3b). He was managed with two
Nd:YAG laser two pulses of 1.5 mJ each to the
iris at the tube tip. After surgery, the IOP
remained low, and the tube stayed patent
(Fig. 3c, d).

DISCUSSION

Glaucoma is the single most important factor
limiting patients’ visual outcomes after ocular

Fig. 2 a Slit-lamp image showing total limbal stem cell
deficiency and opaque cornea of the right eye before
surgery. b The tube orifice was blocked with translucent
vitreous gel with pigment deposited in it. c The tube was

opened by the Nd:YAG laser; a micro air bubble was
created by the laser beam within the tube. d B-scan
ultrasound showing echolucent fluid areas around the
glaucoma drainage device plate (arrow)
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chemical burns [3]. Eyes with severe chemical
burns are more likely to have glaucoma and
require surgery to treat this condition [4].
Glaucoma is not uncommon after KPro surgery
[5]. Treatment of post-KPro glaucoma involves
the use of topical and systemic glaucoma med-
ication. The disadvantage of topical therapy is
inadequate drug penetrance through the central
anterior optic plate. Chronic use of systemic
medicine, such as oral carbonic anhydrase
inhibitors, is associated with potential systemic
effects, including metabolic acidosis and
urolithiasis. GDD surgery has been recom-
mended by the manufacturer of the KPro in eyes
with pre-existing glaucoma [6].

The most common complication after GDD
surgery is obstruction of the tube [7]. The tube

may be blocked by inflammatory tissue, vitre-
ous gel and/or iris tissue [1]. Given the disad-
vantages of time-domain anterior segment
optical coherence tomography (AS-OCT),
including lower image definition and no trans-
mission through metal (titanium) or the iris, we
found it difficult to visualize the membrane or
vitreous gel on the tip of the tube using AS-
OCT. The early diagnosis and treatment of these
three patients relied on adequate visualization
of the sufficiently long tube through the KPro
optic by slit-lamp examination, the tube tip
being cut bevelled up, good optical clarity of the
anterior plate and less formation of a retro-
prosthetic membrane with titanium backplate.
Severe ocular chemical burns are characterized
by protracted and relentless inflammation, and

Fig. 3 a Slit-lamp image showing total limbal stem cell
deficiency and an opaque cornea of the left eye before
surgery. b The tube orifice was blocked with an iris tissue.

c The tube was opened by treatment with a Nd:YAG laser
pulse. d Optomap� image showing a patent tube
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chronic and subacute inflammation contribute
to an accumulation of inflammatory debris in
the eye, leading to the occurrence of tube
blockage during the early or late postoperative
course. When the tube tip was positioned
behind the backplate (Fig. 4), it was difficult to
observe tube obstruction or perform Nd:YAG
laser treatment. Therefore, we recommend that
the tube be cut so that it is long enough to be
seen through the KPro optic. However, it was
difficult to place the tube tip just at the edge of
the 3.0-mm optic of the KPro during anterior
vitrectomy surgery when the IOP was not stable.
In case 3, using the 3-port pars plana vitrectomy
and stabilized IOP, the tube tip was much easier
to place at the posterior edge of the optic.

In conclusion, blockage of tube orifices may
occur in patients with KPro and GDD implan-
tation. Treatment with Nd:YAG laser pulses
could be a useful option to reopen the blocked
tube in such patients. Placement of the tube tip
at the edge of the optic enables laser
intervention.
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