
period and between 17% and 35% in the late postoperative 
period.4 While the incidence of glaucoma after Descemet’s 
stripping endothelial keratoplasty (DSEK) was 29% -47%, 
this rate increased to 54% in patients with pre-existing 
glaucoma.5 If glaucoma is not controlled, it may lead to 
irreversible vision loss due to progressive optic nerve 
damage and graft failure due to endothelial cell damage.6 
Surgical treatments of this type of glaucoma, which are 
often resistant to medical treatment, may cause damage to 
the graft. Therefore, new treatment options were needed. 

Transscleral cyclophotocoagulation (TSCPC) is a form 
of cycloablation using laser to treat and it is effective for 
simple and complex glaucoma cases.7 Traditional CPC 
is more effective than medical therapy at lowering IOP, 

INTRODUCTION

Glaucoma following corneal transplantation is a common 
complication. The most important cause of high intraocular 
pressure (IOP) after keratoplasty has been shown to 
be pre-existing glaucoma.1 The indication for corneal 
transplant also affects the incidence of post keratoplasty 
glaucoma, which occurs more frequently in eyes with 
aphakic bullous keratopathy and less frequently in Fuchs 
corneal dystrophy and keratoconus.2 Other factors, 
include synechial angle closure, corticosteroid-induced 
elevation in IOP, iridocorneal angle collapse, postoperative 
inflammation and iatrogenic injury to the angle.3 The 
incidence of glaucoma after penetrating keratoplasty 
(PK) is between 5.5% and 31% in the early postoperative 
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ABSTRACT

Purpose: To evaluate the clinical outcomes, surgical indications, results of medical, surgical and micropulse transscleral 
cyclophotocoagulation (MP-TSCPC) treatment in patients with postkeratoplasty glaucoma 

Materials and Methods: Fifty-six eyes of 53 patients with glaucoma who had undergone keratoplasty were included in the study. 
Demographic and clinical characteristics, medical and surgical (either trabeculectomy or MP-TSCPC) treatment results were evaluated 
retrospectively.

Results: The mean age of patients was 52.8 ± 19.1 years (9- 84). The most common indication for keratoplasty was bullous keratopathy 
in 15 eyes (26.8 %).  The mean follow-up period was 29.3 ± 36.7 months. Glaucoma control was achieved by medical treatment in 46 
(82.1%), MP-TSCPC in 5 (8.9%), trabeculectomy in 3(5.4%), and combined therapy in 2 (3.6%) of eyes. For MP-TSCPC cases the 
mean pre-treatment IOP was 28.5 mmHg and the mean post-treatment IOP was 14.6 mmHg. With % 40 reduction, the best results were 
taken in MP-TSCPC group. No patients had hipotony or graft failure.

Conclusions: Glaucoma control can be achieved by medical, surgical and MP-TSCPC treatment in eyes with postkeratoplasty. MP-
TSCPC is a safe and effective IOP lowering method in these eyes.

Keywords: Glaucoma, keratoplasty, micropulse laser, micropulse transscleral cyclophotocoagulation, postkeratoplasty glaucoma.
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but it can result in postoperative complications such as 
iridocyclitis, pain, intraocular hemorrhage, loss of vision, 
hypotony, phthisis bulbi, and macular edema.8 Non-
continuous delivery mode of TSCPC called micropulse 
transscleral cyclophotocoagulation (MP-TSCPC) has been 
developed to treat various retinal and glaucoma diseases.9  

MP-TSCPC (IRIDEX; CYCLO Glaucoma Laser System, 
Mountain View, CA) offers a minimal collateral damage 
and prevention of necrosis with pulsatile nature and “off-
cycles,” to treat glaucoma.10

There have been a few recent studies on the safety 
and efficacy of micropulse transscleral diode laser 
cyclophotocoagulation treatment (MP-TSCP), which has 
been used in many advanced cases of glaucoma.11-17 In 
our knowledge, there is only one study in patients who 
had keratoplasty with MP-TSCP.17 More study is needed 
on this subject. There is no study examining the medical, 
surgical and laser treatment results of patients followed up 
for glaucoma after keratoplasty.

The aim of this study was to evaluate the surgical indications, 
results of medical, surgical and micropulse transscleral 
cyclophotocoagulation (MP-TSCPC) treatment in patients 
with postkeratoplasty glaucoma. 

MATERIALS AND METHODS

In this retrospective study, we included all patients with 
glaucoma who had undergone keratoplasty between 2010-
2018 in the cornea department of University of Health 
Sciences, Ankara Numune Education and Research 
Hospital included in the study. Institutional review board 
approval was obtained from Ankara Numune Education 
and Research Hospital and the research was conducted 
in accordance with the tenets of the Declaration of 
Helsinki. Demographic characteristics, the indications for 
keratoplasty, follow-up times, type of surgery, presence 
of pre-existing glaucoma, the mean time from corneal 
transplantation to glaucoma formation, presence of 
additional surgery, type of treatment, intraocular pressure 
before and after treatment, and number of medications 
were recorded retrospectively. 

The diagnosis of glaucoma in eyes with keratoplasty 
was made by perimetric identification of characteristic 
visual field defects as well as progressive excavation or 
‘cupping’ of the optic nerve from focal or diffuse thinning 
of the optic nerve rim or loss of retinal nerve fıber layer 
in optic coherence tomography. Surgical operations of the 
patients were performed at Cornea-Glaucoma department 
of Ankara Numune Training and Research Hospital. 

The indication for surgery was uncontrollable IOP or 
progressive glaucoma despite maximal tolerated medical 
therapy. Under local or general anesthesia, a fornix-based 
conjunctiva and tenon flap was created. Then, 0.2 mg/mL 
mitomycin C or 50 mg/mL 5-fluorouracil-soaked sponges 
were applied subconjunctivally over a wide scleral area 
where the scleral flap was planned. The sponges were 
then removed, and copious irrigation with balanced salt 
solution was performed. Four mm half-thickness scleral 
flap was prepared. Under the sclera flap, 1-2 mm full 
thickness sclerostomy was created and iridectomy was 
performed through the scleral ostium. The scleral flap 
and conjunctiva were closed with 10-0 nylon sutures. 
The Ahmed glaucoma valve implantation procedure was 
performed under retrobulbar or peribulbar anesthesia. 
The conjunctival incision was made posteriorly by blunt 
dissection in the superotemporal quadrant, and a fornix-
based conjunctival flap was created. The valve implant 
was irrigated with 2 mL of balanced saline solution using 
a 27-gauge cannula through the tubing to open the valve 
mechanism. The plate of the valve was inserted between 
the superior and lateral rectus muscles, and then joined to 
the sclera with 7-0 prolene sutures at least 10 mm posterior 
to the limbus. The drainage tube was trimmed with the 
bevel facing up and was placed in the anterior chamber 
through a 23-gauge needle track to allow 2 mm proximity 
to the limbus. The needle track was anterior and parallel to 
the plane of the iris. The drainage tube was covered with a 
donor scleral flap of approximately 4 × 4 mm2 in size and 
secured at the four corners of the sclera with 10-0 nylon 
sutures. The conjunctiva and Tenon’s capsule layer were 
anchored to the limbus with 8-0 vicryl sutures.

Laser treatments were performed once with MP-TSCPC 
(IRIDEX; CYCLO Glaucoma Laser System, Mountain 
View, CA) at Glaucoma department of Ankara University 
Medical Faculty Hospital. MicroPulse P3 (MP3) probe 
was applied at the limbus with the probe perpendicular 
to the surface of the globe. The sites of previous filtering 
surgery/tubes, areas of thin sclera, and the 3 and 9 o’clock 
positions (to avoid the long posterior ciliary nerves) were 
spared. Laser settings were 2000mW with 0.5 ms on and 
1.1 ms off time (duty cycle of 31.3%). The laser was 
applied throughout 180° for 80s. The same procedure was 
repeated for the other hemifield. Topical steroid drops were 
used postoperatively. All patients received loteprednol 
etabonate drops 1% four times a day with a tapering within 
3 weeks.10 

Success in evaluating treatment results; intraocular 
pressure was 6 - 21 mmHg or 20% or more decrease 
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compared to pretreatment in MP-TSCPC group. Glaucoma 
surgical success was defined as having an IOP 6-21 mmHg 
with or without antiglaucomatous medications, without the 
need for further glaucoma surgery and without loss of light 
perception.

Statistical Package for the Social Sciences programme 
version 22.0 (SPSS for Windows, SPSS, Chicago, IL) 
was used for statistical analysis of the data obtained from 
the study. Descriptive statistics were expressed in mean 
±standard deviation (SD) and range (min-max) values. 
Numerical variables were expressed as mean ± standard 
deviation, and categorical data were given as numerical 
values   and percentages. 

RESULTS

Fifty-six eyes of 53 patients with glaucoma who had 
undergone keratoplasty included in the study. The patients 
of the study were 24 women (42.9%), 32 men (52.1%) and 
the mean age of was 52.82 ±19.13 (range 9-84). Twenty 
eyes were right (37.73%), 30 eyes were left (56.60%) and 
3 eyes were bilateral (5.66%). The patient’s demographic 
and clinical features are presented in Table 1 and Table 
2. Indication for keratoplasty was bullous keratopathy in 
15 eyes (26.8%), traumatic keratopathy in 11 (19.6%), 
keratoconus in 8(14.3%), silicone keratopathy in 7 (12.5%), 
keratitis in 7 (12.5%), dystrophy in 2 (3.6%), unknown 
scar in 2 (3.6%) and endothelial failure secondary to 
dexamethasone implant in 2 (3.6%) of patients. The mean 
follow-up period was 29.33 ± 36.77 months (range 2-204) 
and the mean time from transplantation to glaucoma 
formation was 6.36 ± 8.46 months (range 1-36, median: 
4.5). Forty-seven patients had experienced PK (83.9%), 4 
eyes had experienced deep anterior lamellar keratoplasty 

(DALK) (7.1%), 5 eyes had experienced Descemet 
membrane endothelial keratoplasty (DMEK) (8.9%). 
Twenty eyes (35.7 %) had preexisting glaucoma and 36 
eyes (65.3%) developed after transplantation. There was 
history of previous vitreoretinal surgery in 19 eyes (33.9%). 
Glaucoma control was achieved by medical treatment in 46 
(82.1%), MP-TSCP in 5 (8.9%), trabeculectomy (TRAB) 
in 3 (5.4%), and combined therapy (one is TRAB and MP-
TSCP, one is TRAB and Ahmed glaucoma valve implant) 
in 2 (3.6%) of eyes. The mean pre-treatment intraocular 
pressure (IOP) was 24.96 ± 8.89 mmHg (range 12-45), 
after treatment IOP was 19.64 ± 8.65 mmHg (range 6-25). 
The success rate was variable in the medical treatment 
group, 5 patients needed TRAB.  Success was achieved in 
3 of them, for 1 patient the MP-TSCP treatment is added 
and for 1 patient shunt is added to succeed in the treatment. 
The mean pre-treatment IOP of 6 patients with MP-TSCP 
was 28.5 mmHg and the mean post-treatment IOP was 
14.6 mmHg (Graphic 1). With % 40 reduction, the best 
result was taken in MP-TSCP.  No patient had hypotony, 
graft failure or loss of best-corrected visual acuity.

DISCUSSION

Glaucoma that appears after the keratoplasty is one 
of the important reasons behind the loss of vision and 
irreversible graft failure. Pre-existing glaucoma and 
aphakia are known as the most important risk factors of 
this condition.17 Viscoelastic use, angle distortion with 
collapse of trabecular network, synechial angle closure, 
steroid using, and many secondary glaucoma causes such 
as pupillary block, inflammatory glaucoma are the main 
mechanisms in glaucoma development.3 The increase of 
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Table 1: Patients’ clinical and demographic features
Mean ± SD Minimum Maximum

Age 52,82 ± 19,13 9 84
Follow up time 
(month) 29,33 ± 36,77 2 204

the mean time from 
transplantation 
to glaucoma 
formation (month)

6,36 ± 8,46 1 36

IOP pre-treatment 
(mmHg) 24,96 ± 8,89 12 45

IOP after the 
treatment (mmHg) 19,64 ± 8,65 6 37

IOP: intraocular pressure, SD: standart deviation

Table 2: Patients’ clinical and demographic features
n (patient number) %

Gender
Female 24 42,9
Male 32 57,1

Laterality
Right 20 37,7
Left 30 56,6

Pre-existing 
glaucoma

Yes 20 35,7
No 36 64,3

Operation type
PK 47 83,9
DALK 4 7,1
DMEK 5 8,9

Additional 
operation

No 37 66,1
With PPV 19 33,9

DALK: deep anterior lamellar keratoplasty, DMEK: 
Descemet membrane endothelial keratoplasty, PK: penetrating 
keratoplasty, PPV: pars plana vitrectomy



IOP after the PK shows a bimodal distribution. In the early 
postoperative period, intraocular pressure increases due 
to viscoelastic using in many patients. Many researches 
show that glaucoma incidence is changing as between 5.5 
– 31% in early postoperative period while the number is 
between 17-35% in the late postoperative period.4 While 
the incidence of glaucoma after DSEK was 29-47%, this 
rate increased to 54% in patients with previous glaucoma.5 
Borderie et al.18 shows that the incidence of glaucoma after 
DALK and DMEK was found to be significantly reduced 
compared to PK, which was attributed to the fact that 
the damage to the anterior chamber angle and trabecular 
network was less due to lamellar surgery. In our study, 
we found that there is a significant decrease in the IOP 
increase based on PK after DALK and DMEK surgery. But 
this result could be due to the small number of DALK and 
DMEK patients. Options for the treatment of glaucoma are 
medical treatment, surgery, glaucoma drainage devices and 
cyclodestructive procedures. Many eyes with glaucoma 
after keratoplasty respond well to medical treatment.2 In 
our study, glaucoma was controlled with medication in 
82.1% of the patients. Glaucoma surgeries cause graft 
failure and the use of antimetabolites may exacerbate 
rejection with endothelial cell loss.19 Yakin et al.20 showed 
that while TRAB’s effectiveness on the decrease in IOP 
was 58.3%, 64.3% by the TRAB with antimetabolite 
using and it is 86.7% using glaucoma drainage devices. 
Moreover, corneal graft health is found as 60% in third 
year with TRAB, 67.7% using TRAB with antimetabolite 
using and 52,6% with glaucoma drainage devices.20 In 
another study, the lowering effect was 58.3% of TRAB 

alone, 64.3% of TRAB with antimetabolite using and 
86.7% of glaucoma drainage devices. Corneal graft health 
was 60% in TRAB in the third year, 67.7% in TRAB with 
antimetabolite using and 52.6% in glaucoma drainage 
devices.21 Cyclodestructive procedures, which are another 
alternative in glaucoma treatment, are cyclocriyotherapy, 
Nd: Yag laser cyclophotocoagulation (CPC), diode laser 
CPC, transpupillary argon laser photocoagulation and 
endoscopic CPC.19 These procedures are preferred in end-
stage glaucoma patients with low visual potential. Because, 
it has some side effects as graft failure, hypotonia, loss of 
vision and phytisis bulbi. The newly developed MP-TSCPC 
is a system which is applied with the assistance of a prob 
using diode laser and replaces the old cyclodesturative 
processes. MP-TSCPC was found to be highly effective 
and safe in a group of patients with advanced glaucoma 
and no other treatment option.11,12,21

Micropulse transscleral cyclophotocoagulation is a very 
safe form of treatment under local anesthesia with lower 
energy without conjunctival scar formation in office 
conditions.10,13-16,22 One of the most important advantages 
is that it is reproducible. In a study of 40 eyes by Tan et 
al.21 no patients had hypotonia and visual loss, and this 
treatment was reported to be highly effective and safe. 
Although clinical studies mostly cover advanced glaucoma 
patients, Dr. Fox22 highlights that this treatment can be 
applied to more various patient groups and Tekeli et al.10 
found that MP-TSCPC is an effective method in different 
types of glaucoma. We also performed MP-TSCPC in 6 
patients whose glaucoma developed after the keratoplasty. 
We did not face with any vision lose, graft failure or any 
other complications in any patients. Moreover, we ensured 
nearly 50% IOP decrease in these patients. In a MP-TSCPC 
study performed in keratoplasty eyes, it was concluded 
that MP-TSCPC is a noninvasive alternative to glaucoma 
filtration surgery.17

Some of the limitations of our study are small number 
of patients in MP-TSCPC treatment, limited follow-up, 
and retrospective nature of study. However, we think that 
larger-scale studies are needed in the future, as this study 
is one of the first studies to have applied MP-TSCPC 
treatment in eyes with glaucoma after keratoplasty. Also, 
this study is unique examining various treatment options 
in postkeratoplasty glaucoma. 

CONCLUSION

Glaucoma appearing following the corneal transplantation 
is a frequently seen complication. It forms a difficult patient 
group due to the hardships in the diagnosis and the treatment 
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IOP: intraocular pressure, MP-TSCPC: micropulse transscleral 
cyclophotocoagulation

Graphic 1: Intraocular pressure changes before and after 
treatment.



phases. All treatment options in postkeratoplasty glaucoma 
were examined in this study. By MP-TSCPC treatment, 
the IOP decrease was ensured and quite successful results 
were obtained. However, there is a need more studies done 
with large patients’ population on this topic.
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