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Abstract

Purpose Transscleral cyclodiode laser cyclophoto-
coagulation (TSCP) is often reserved for treatment of
refractory glaucoma. This retrospective study inves-
tigates the safety and efficacy of TSCP among the
Chinese population.

Methods A retrospective review was performed on
electronic patient records of all patients receiving
TSCP between years 2009 to year 2016. Patient
demographics, indication for laser, success and
response rate, change in intraocular pressure (IOP),
number of treatment sessions, laser energy, glaucoma
medication, visual acuity, pain symptoms and com-
plication rate were documented.

Results The study included 126 patients: 81 patients
were male and 45 were female, and the mean age was
66.6 £+ 14.3 years old and the mean follow-up was
22.7 £ 14.1 months. The mean number of treatment
sessions was 1.5 £ 0.8. The success rate was 67.3%.
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The mean IOP before TSCP was 67 £+ 38.6 mmHg
and 22.8 £+ 14.2 mmHg after TSCP, the mean IOP
reduction was 38.4%, which was statistically signif-
icant (P value < 0.001, Wilcoxon signed rank test).
The mean laser energy used per eye was 72.7 £ 56.6
and 49.2 4+ 22.9 J per individual treatment session.
The mean number of laser shots was 15.0 £ 6.1. 71%
of patients were able to reduce their glaucoma
medication after TSCP, (P value < 0.01, Wilcoxon
signed rank test). 86.1% of patients had improvement
in pain symptoms after TSCP. The overall complica-
tion rate was 7.1%.

Conclusion 'TSCP was found to be safe and effective
among the Chinese population, with comparably low
laser energy setting and complication rate. It was
found to be most effective in treatment of glaucoma
due to trauma, acute angle closure, uveitis and chronic
angle closure.
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Introduction
The destruction of the ciliary body has been used for a

long time to treat glaucoma. The mechanism of action
is to decrease aqueous production by destroying the
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ciliary body secretory epithelium. Many modalities
can be used to achieve cyclodestruction, such as
diathermy, surgical excision, cryotherapy, ultrasound
and laser light. Transscleral cyclophotocoagulation
(TSCP) with semiconductor laser diode of 810 nm
wavelength is now commonly used. The indications of
TSCP include refractory glaucoma, failed conven-
tional trabeculectomy or tube shunt surgeries, minimal
useful vision but persistent elevated intraocular pres-
sure, painful eyes in need for pain relief and patients
who either refuse surgery or are unsuitable for surgery
due to poor general condition or severe conjunctival
scarring. More common complications following
TSCP include pain which can usually be relieved by
analgesics or non-steroidal anti-inflammatory drugs
(NSAIDS), uveitis, inflammation, eye lid swelling,
hyphema, cystoid macular edema, conjunctival scar-
ring and hypotony. More severe complications include
phthisis bulbi, sympathetic ophthalmia, hypotony,
scleral burn, scleritis, malignant glaucoma and perfo-
ration. Due to the destructive nature of the procedure
and risk of complication, TSCP is usually reserved for
cases of refractory glaucoma. With advances in
glaucoma medication, surgical techniques and
adjuncts, TSCP is now less commonly performed.
Many studies have demonstrated various degrees of
efficacy and safety in using TSCP [1-6]. Many factors
can affect its outcome, and this can vary between
different population groups and disease etiologies
[1, 3, 4, 7]. This retrospective study investigates the
outcome of TSCP in the Chinese population.

Method

A retrospective review was performed on electronic
patient records of all patients receiving TSCP from
January 2009 to June 2016.

Inclusion criteria:

e First TSCP treatment done from January 2009 to
June 2016.
e At least 6-month follow-up

Exclusion criteria:

e Retreatment case (i.e., the first TSCP done prior to
2009)

Patient demographics including age and gender,
duration of follow-up, indication for TSCP, type of
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glaucoma, snellen visual acuity before and after
TSCP, intraocular pressure (IOP) before and after
TSCP, number of glaucoma medication before and
after TSCP, laser energy, number of treatment sessions
and presence of complications were all documented. A
treatment session is defined as each TSCP treatment
for a single eye within a single session. Success in IOP
control is defined as IOP between 5 and 21 mmHg or
greater than 30% IOP reduction after laser. Response
is defined as IOP less than 22 mmHg or greater than
30% IOP reduction after laser (including eyes with
hypotony, i.e. IOP < 5 mmHg).

The procedure is done under topical and regional
anesthesia with the patient lying supine. A speculum is
used to maintain good exposure of the eye. The laser
probe is held parallel to the visual axis next to the
limbus. This will center the fiber optic 1.0-1.2 mm
posterior to the limbus, directly over the ciliary
processes. The laser power is titrated depending on
the presence of a ‘pop’ sound. If no ‘pop sound occurs
during the first or second laser application, the laser
power is increased in 100 mW increments. If there is
‘pop’ sound more than once, laser power will be
reduced by 100 mW decrements subsequently. Topi-
cal antibiotic and steroid eye drops is applied followed
by an eye pad after the procedure. The patient is
prescribed with steroid eye drops and oral analgesics
upon discharge.

All procedures performed in studies involving
human participants were in accordance with the
ethical standards of the local Institutional Review
Board (IRB) and with the 1964 Helsinki declaration
and its later amendments or comparable ethical
standards.

Statistical significance of difference of IOP and
glaucoma medication before and after TSCP was
analyzed with Wilcoxon signed rank test, with
P value < 0.01 being considered significant.

Results

Between January 2009 and June 2016, 126 patients
(126 eyes) fulfilled the inclusion and exclusion criteria
for the study, including 81 (64.3%) male and 45
(35.7%) female, ages ranged from 30 to 92 years old
(mean 66.6 £ 14.3 years old), 54.8% in the right eye
and 45.2% in the left eye. The follow-up period was
7-43 months (mean 22.7 & 14.1 months).



Int Ophthalmol (2019) 39:41-46

43

Among the 126 patients, the most common causes
of refractory glaucoma included central retinal vein
occlusion (CRVO) in 33%, primary open angle
glaucoma (POAG) in 17.5%, chronic angle closure
glaucoma (CACG) in 13.5% and proliferative diabetic
retinopathy (PDR) in 7.9% (see Table 1).

In our study, number of treatment sessions range
from 1 to 5 (mean 1.5 £ 0.8). Among the 126 patients,
40% required retreatment. 67.5% only required 1
treatment session, while 32.5% required more than 1
treatment session (see Table 2). The retreatment rate
was highest in retinal detachment (see Table 3).

Regarding success rate, 67.3% achieved success
after TSCP according to the definition of success. As
no cases had IOP below 5 mmHg, the response and
success rates were the same. The IOP ranged from 8 to
67 mmHg (mean 38.6 £ 14.4 mmHg) before TSCP,
while IOP ranged from 6 to 59 mmHg (mean
22. + 14.2 mmHg) after TSCP. The IOP reduction
after TSCP was 38.4%, which was statistically signif-
icant (P value < 0.001, Wilcoxon signed rank test).
The mean percentage reduction of IOP after TSCP was
highest in trauma (60.7%), AACG (59.5%), uveitic
glaucoma (52.5%) and CACG (51.3%). It was the
lowest in phacomorphic glaucoma (15%) and angle
recession glaucoma (18.8%) (see Table 3).

The mean total laser energy used per eye including
retreatment sessions ranged from 8.4 to 340 J (mean
727 £ 56.6 J). The mean laser energy used per
individual laser treatment ranged from 6.2 to 208 J

Table 2 Frequency and percentage of different number of
laser sessions required

Number of sessions Frequency Percentage %
1 85 67.5

2 32 25.4

3 4

4 24

5 1.6

(mean 49.2 & 22.9 J), and the mean number of laser
burns per treatment session was 15.0 £ 6.1.

The mean number of glaucoma medications to
control IOP before TSCP was 3.7 (range 0-6, SD 1.4),
and 2.1 (range 0-5, SD 1.7) after TSCP. There was
reduction in number of glaucoma medication required
after TSCP in 71.0% of patients, which is statistically
significant (P value < 0.01, Wilcoxon signed rank
test). In our study, 48 out of 126 (38.1%) of the
patients required oral Diamox before TSCP, but only 6
out of 126 (4.8%) required oral Acetazolamide after
receiving TSCP treatment.

In our study, 77 (61.1%) had baseline visual acuity
(VA) worse than or equal to finger count, while the
remaining patients had VA better than finger count.
After TSCP, 77 (36.7%) patients had no change in VA,
14 (11.7%) had improvement in VA and 62 (51.7%)
worsened. Among the subgroup of patients with poor
baseline VA defined as finger count or worse, VA

Table 1 Frequency and
percentage of different

disease categories requiring
TSCP

Diagnosis Frequency Percentage (%)
Central retinal vein occlusion 42 333
Primary open angle glaucoma 22 17.5
Chronic angle closure glaucoma 17 13.5
Proliferative diabetic retinopathy 10 7.9
Angle recession 9 7.1
Post-vitreoretinal surgery 8 6.3
Uveitic glaucoma 6 4.8
Central retinal artery occlusion 3 2.4
Phacomorphic glaucoma 2 1.6
Acute angle closure glaucoma 2 1.6
Retinal detachment 2 1.6
Trauma 1 0.8
Steroid 1 0.8
Aphakic glaucoma 1 0.8
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Table 3 The mean number of treatment, mean pre-TSCP IOP, mean post-TSCP IOP, mean percentage change in IOP, success rate

and complication rate based on disease categories

Diagnosis Mean no. of Mean pre-TSCP Mean post-TSCP Mean % change Complication
treatment IOP (mmHg) IOP (mmHg) in IOP rate (%)
Central retinal vein occlusion 1.26 40 28 30.0 4.7
Primary open angle glaucoma 1.50 33 21 36.4 9.0
Chronic angle closure glaucoma 1.18 39 19 51.3 11.7
Proliferative diabetic retinopathy 1.80 40 32 20.0 20.0
Angle recession 1.89 32 26 18.8 0
Post-vitreoretinal surgery 1.75 31 20 35.5 0
Uveitic glaucoma 1.67 40 19 52.5 16.6
Central retinal artery occlusion 1.00 37 19 48.6 24
Phacomorphic glaucoma 1.00 46 40 15.0 0
Acute angle closure glaucoma 1.89 47 18 59.5 0
Retinal detachment 3.00 47 35 25.5 0
Trauma 1.00 51 20 60.7 0
Steroid 2.00 46 30 34.8 0
Aphakic glaucoma 1.00 25 19 24 0

improved in 9.1%, stayed the same in 53.2% and
worsened in 37.7%. In the subgroup of patients with
VA better than finger count, the mean snellen VA
before TSCP was 0.4 £ 2.6, and 0.4 + 2.7 after
TSCP.

Complications after TSCP included hyphema,
conjunctival burn, scleral burn, phthisis bulbi as a
result of TSCP and mild bleeding at the angle. The
overall complication rate was 7.1% with hyphema as
the most common complication (see Table 4). The
highest complication rate occurred in PDR (20%) and
uveitic glaucoma (16.6%) (see Table 3).

Pain control was the indication for TSCP in 36
(28.6%) eyes. Among these cases, 5 (13.9%) eyes had
persistent eye pain despite TSCP and 31 (86.1%) had
improvement in pain symptoms after TSCP.

Discussion

The aim of TSCP is to provide adequate IOP control
while avoiding damage to adjacent tissues and min-
imizing complications. Success rate among different
studies ranged from 52 to 82% and the percentage of
IOP reduction ranged from 31 mmHg to 57.1 mmHg
[1-6]. Kaushik et al. [1] reported the success rate of
78.8% and IOP reduction of 57.1% in India. Frezzotti
et al. [2] in Italy reported 63% patients had IOP less
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Table 4 Number and percentage of complications after TSCP

Complication Number Percentage (%)
Hyphema 6 4.8
Conjunctival burn 1 0.8
Phthisis bulbi 1 0.8
Bleeding at the angle 1 0.8

than 21 mmHg and IOP reduction of 31.7 mmHg. In a
study of Caucasian patients, Ansari et al. [3] reported
success rate of 82% and IOP reduction of 43%.
However, in their study, success was defined as 30% or
more reduction, irrespective of medication and 1OP,
which differed from the definition of success used in
this paper. In our study, the success rate was 65.8%
and the percentage of IOP reduction was 38.4%.
Among these, percentage IOP reduction was most
pronounced in trauma, AACG, uveitic glaucoma and
CACG, which is similar to other studies [4, 7].

The mean energy used in this study was 72.6 J,
which is comparatively lower than the laser energy
used in most of the other studies. The mean energy
used per eye in the other studies ranged from 75.2 J, as
reported by Pucci et al. [5] to 155.2 J as reported by
Murphy et al. [4]. Most of the other studies used
greater mean energy per treatment session than our
study, with the exception of Pucci et al. [5] which used
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mean energy of 43.6 J per treatment. Pucci et al. [5]
used a more conservative approach and limited the
number of laser shots to 10 shots per session during the
first treatment session, while the mean number of laser
shots per session in this study was 15.

Although the definition of success in IOP reduction
often permits the use of glaucoma medication after
TSCP, the ability to reduce glaucoma eye drops
reflects the efficacy of TSCP treatment and also has
important implications on patient quality of life and
cost effectiveness. In our study, although two cases
had pre-treatment IOP less than 21 mmHg, the IOP
was initially uncontrolled on maximum topical glau-
coma medications but was subsequently lowered on
oral Diamox. The indication for TSCP in these cases
was to avoid side effects from long-term systemic
Diamox. There was a reduction in number of glau-
coma medication use after TSCP in 71.0% of the
patients. Percentage of glaucoma medication reduc-
tion ranged from 19.5 to 52.6% in other studies. In this
study, 4.8% of patients required Diamox after TSCP.
The percentage of patients requiring oral Diamox after
TSCP was 24.2 and 10.4% in Kaushik et al. [1] and
Frezzotti et al. [2], respectively.

Since TSCP is associated with possible risks,
patient selection is important. It is important to
determine suitable timing for performing TSCP. Some
studies have suggested earlier TSCP in patients with
good vision may improve IOP control without sacri-
ficing vision, eventually improving visual prognosis
[8]. Some have even advocated using TSCP as a
primary treatment. Ansari et al. [3] found VA was
preserved in their study of subgroup patients with
good baseline VA with POAG. In our study, 48.3% of
cases maintained or improved in VA after TSCP,
while the remaining 51.7% had worsened VA. How-
ever, within the subgroup of subjects with VA better
than finger count, the average VA was maintained the
same before and after TSCP. This is similar to what
was previously described by Ansari et al. [3]. It
appears VA is more susceptible to decline in patients
with poor baseline VA. This is likely due to advanced
glaucoma with higher chance of glaucoma progression
and other ocular comorbidities like cataract and
retinopathy.

Other than timing, laser energy should also be
carefully titrated as ocular response to laser can be
affected by many factors such as age, gender, ethnic-
ity, underlying etiology and previous treatments

received. Some studies have suggested pigmented
eyes require less laser energy due to increased melanin
absorption [1, 9, 10]. All our patients are of Asian
ethnicity and may have a more similar ocular response
to the pigmented eyes included in Kaushik et al. [1].
We found that both the mean total laser energy used
(72.7 £ 56.6 J) and mean energy per treatment used
(49.2 £ 22.9 J) were lower than most of the other
studies. Kaushik et al. [1] used mean total energy of
87.8J and mean energy per treatment of 75.3 J.
Studies from other patient population used higher laser
energies. The mean total laser energy used in the study
conducted by Anasari et al. [3] was 124.1 J. Similarly,
the mean total laser energy demonstrated by Murphy
et al. [4] was 155.2 J, and the mean laser energy per
treatment was 104.1 J. Hypotony is seen as severe
complication of TSCP. Hypotony was found to be
more common among neovascular glaucoma [4, 11] in
some studies. While CRVO, PDR and central retinal
artery occlusion (CRAO) comprised of 33.3, 7.9 and
2.4% of cases, respectively, none of the cases devel-
oped hypotony. On the other hand, this may explain
why hyphema was the most common complication in
our series. Another study among Asian patients also
reported low complication rate, which included tran-
sient hypotony and persistent iritis [12].

TSCP often requires multiple treatments to achieve
treatment goal [13]. Other studies reported similar
number of treatments per eye and retreatment rate,
Murphy et al. [4] reported average of 1.50 treatment
sessions and retreatment rate of 38.9%, Pucci et al. [5]
reported average of 1.70 treatment sessions and
retreatment rate of 45.8% and Lliev and Gerber [6]
reported 1.54 treatment sessions on average and 38.9%
retreatment rate. Kaushik et al. [1] and Ansari and
Gandhewar [3] reported lower number of treatment
sessions, 1.16 and 1.01, respectively, while retreat-
ment rate was 16.7 and 1.2%, respectively. However,
the study by Ansari and Gandhewar [3] also included
non-refractory glaucoma cases. In our study, the
retreatment rate was 40% and mean treatment session
was 1.5. Retinal detachment cases had highest
retreatment rate, all of which had intravitreal silicone
oil. Previous studies similarly have reported subopti-
mal outcome after TSCP requiring retreatment after
silicone oil [14, 15]. Ocular comorbidities in these
cases may also contribute to the poor outcome [16].

This study is limited by its retrospective nature. The
number of cases in certain disease categories was
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small, making results difficult to interpret. It is difficult
to differentiate poor outcome due to the disease itself
from the effects of laser treatment. A direct compar-
ison with other studies is difficult, as studies differ in
patient population, treatment protocols, follow-up
time and success definitions.

Conclusion

In conclusion, our study shows that TSCP is effective
in reducing IOP, number of glaucoma medication
needed and symptoms of pain. In our study among the
Chinese population, the average laser energy used was
comparatively lower with low complication rate while
demonstrating effectiveness in treating refractory
glaucoma. We found it was most effective in treatment
of glaucoma due to trauma, acute angle closure, uveitis
and chronic angle closure.
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