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Abstract

Background/Aim. Refractory glaucoma is glaucoma re-
sistant to conventional management (maximally tolerated
medical therapy, one or more glaucoma surgeries) and glau-
coma in cases of neovascularisation after panretinal photo-
coagulation or cryoablation. The aim of the study was to
determine the intraocular pressure (IOP) lowering efficacy
of transscleral diode laser cyclophotocoagulation (DCPC)
treatment in the management of pain and IOP in patients
with refractory glaucoma. Methods. This nonrandomized,
retrospective study, included 95 patients (95 eyes) with re-
fractory glaucoma treated at the University Eye Clinic,
Clinical Center of Vojvodina, Novi Sad, Serbia, between
November 2007 and November 2012 in accordance with
the established protocols (16–18 spots, 270°, up to 5J of en-
ergy). All the eyes were treated with transscleral DCPC (Iris
Medical OcuLight SLx, Iridex Co, Mountain View, USA).
Patient's symptoms, bests corrected visual acuity and IOP
were recorded 7 days, and 1, 3 and 6 months after the
DCPC treatment. Results. Out of 95 patients (95 eyes) en-
rolled in this study 24 (25.2%) were with primary (the group
I), and 71 (74.5%) with secondary (the group II) glaucoma.
The mean baseline IOP in these two groups was similar:
36.08 ± 8.39 mmHg for the first group and 37.36 ± 8.19
mmHg in the second group. Measurement of the mean IOP
in the group I showed the following results: on the day 7 it

was 13.96 ± 8.30 mmHg (62.1% decrease of the baseline
value), on the day 30 it was 18.44 ± 8.85 mmHg (48.9% de-
crease regarding the baseline value), after 3 months it was
22.44 ± 7.36 mmHg (37.8% decrease regarding the baseline
value), and after 6 months it was 25.92 ± 7.65 mmHg
(28.2% decrease regarding the baseline value). Measurement
of IOP in the group II showed the following results: on the
day 7 it was 15.77 ± 9.73 mmHg (57.8% decrease of the
baseline value), on the day 30 it was 20.14 ± 10.20 mmHg
(46.1% decrease regarding the baseline value), after 3
months it was 23.46 ± 9.83 mmHg (37.2% decrease re-
garding the baseline value) and after 6 months it was 27.23
± 9.87 mmHg (27.2% decrease regarding the baseline
value). Pain was the main symptom in 70 (73.6%) patients
before the treatment and it persisted in only 4 (4.2%) of our
patients. Other complaints (burning, stinging, foreign body
sensation) were experienced by 39 (41%) of the patients,
postoperatively. A total of 52 (54.7%) patients had no com-
plaints after the treatment. Conclusion. Our study con-
firmed that transscleral DCPC is a useful, effective and safe
procedure with predictable amount of IOP decrease, which
makes it the treatment of choice for refractory glaucoma.
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Apstrakt

Uvod/cilj. Refrakorni glaukom spada u grupu glaukoma
koji ne reaguje na konvencionalnu terapiju. Cilj ove studije
bio je da se odredi efekat sniženja intraokularnog pritiska
(IOP) kod bolesnika sa refraktornim glaukomom nakon
transskleralne ciklofotokoagulacije diodnim laserom. Me-
todi. Ova nerandomizirana, retrospektivna studija obuhva-
tila je 95 očiju sa refraktornim glaukomom lečenih dioda la-
ser ciklofotokoagulacijom na Klinici za očne bolesti

Kliničkog centra Vojvodine u periodu 2007–2012, prema
ustanovljenom protokolu (16–18 pečata, 270°, do 5J ener-
gije). Simptomi, vidna oštrina i IOP su praćeni 7 dana, a za-
tim 1, 3 i 6 meseci nakon lečenja. Rezultati. Ukupno 25
bolesnika (95 očiju) bilo je uključeno u studiju, 24 (25,2%)
bolesnika sa primarnim (1. grupa) i 71 (74,5%) bolesnik sa
sekundarnim (2. grupa)  glaukomom. Srednji IOP pre tera-
pije kod obe grupe bio je sličan: 36,08 ± 8,39 mmHg za
prvu i 37,36 ± 8,19 mmHg za drugu grupu. Srednje vred-
nosti IOP za prvu grupu tokom perioda praćenja bile su: 7.
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dana 13,96 ± 8,30 mmHg (62,1% sniženja), 30. dana
18,44 ± 8,85 (48,9% sniženja), nakon 3 meseca 22,44 ± 7,36
mmHg (37,8% sniženja), nakon 6 meseci 25,92 ± 7,65
mmHg (28,2% sniženja). Srednje vrednosti IOP za drugu
grupu tokom perioda praćenja bile su: 7. dana 15,77 ± 9,73
mmHg (57,8% sniženja), 30. dana 20,14 ± 10,20 mmHg
(46,1% sniženja), nakon 3 meseca 23,46 ± 9,83 mmHg
(37,2% sniženja), i nakon 6 meseci 27,23 ± 9,87 mmHg
(27,2% sniženja). Bol je pre terapije bio prisutan kod 70
(73,6%) bolesnika, a nakon tretmana kod samo 4 (4,2%)
bolesnika. Tegobe kao što su pečenje, osećaj stranog tela,

bockanje, postoperativno su bile prisutne kod 39 (41%)
bolesnika. Posle lečenja, tegobe nisu imala 52 (54,7%)
bolesnika. Zaključak. Naša studija je potvrdila da je
transskleralna ciklofotokoagulacija diodnim laserom koris-
tan i efikasan metod u smanjenju IOP, što ga čini terapijom
izbora za refraktorni glaukom.

Ključne reči:
hirurgija, oftalmološka, procedure; glaukom;
koagulacija laserom; laseri; intraokularni pritisak;
lečenje, ishod.

Introduction

Refractory glaucoma is glaucoma resistant to conven-
tional management (maximally tolerated medical therapy,
one or more glaucoma surgeries) and glaucoma in cases of
neovascularisation after panretinal photocoagulation or cryo-
ablation 1.

Refractory glaucoma are generally treated with cy-
clodestructive procedures such as: surgical excision of ciliary
body, cycloirradiation, cycloelectrolysis, cyclodiathermy,
cyclocryotherapy, ultrasound or microwave cyclo-
destruction and with Neodymium Yttrium Aluminum Garnet
(Nd:YAG) and diode laser cyclophotocoagulation (DCPC) 2.

Beside refractory primary open and angle closure glau-
coma indications for cyclodestructive procedures are: neo-
vascular, post-traumatic, aphakic/pseudophakic glaucoma
especially with anterior chamber intraocular lenses (IOL),
severe congenital glaucoma with multiple failed surgeries,
post-penetrating keratoplasty glaucoma, post-retinal detach-
ment surgery glaucoma, silicone oil induced glaucoma, in-
flammatory glaucoma.

Mechanism of action of cyclophotocoagulation includes
decrease of aqueous production and increase of aqueous out-
flow 3. Destruction of the ciliary epithelium combined with
destruction of ciliary blood vessels and coagulative necrosis,
leads to decrease in aqueous production 

4. In many cases in-

flammation after the treatment leads to short-term hypoten-
sion 5.

Neuroepithelial defects created after laser treatment,
and creation of transscleral flow similar to cyclodialysis, are
responsible for increase of aqueous outflow which is related
to the extent of treatment 6. Diode laser causes destruction of
the pigmented and nonpigmented ciliary epithelium and cap-
illaries in the ciliary processes with pigment clumping, co-
agulative necrosis, and extensive destruction of ciliary mus-
cle with a moderate reduction in vascularity 7. Some histo-
pathologic studies have shown that diode laser produces
most of its coagulative effect on the ciliary body stroma 

8.

Even though it is not completely understood, it seems that
there is an increase of uveoscleral outflow through the en-
larged extracellular spaces from the anterior chamber into the
suprachoroidal space 

9
.

Diode and Nd:YAG lasers require the presence of cili-
ary body pigment epithelium for the absorption of laser en-
ergy 

10. A diode laser (810 nm) has a greater melanin ab-

sorption compared to a Nd:YAG laser (532 nm),  requiring
lesser energy per spot 11. Data about dosage and laser treat-
ment protocol-related response vary in available literature
1, 12, 13. A totally delivered energy, the number of laser burns
per session and pulse power and duration were analyzed in
numerous studies, but the results were inconclusive and con-
tradictory. However, most of the results confirmed that re-
fractory glaucoma can be successfully managed on a long-
term basis with single or repeated diode laser cyclophotoco-
agulation 14.

Recently, contact diode laser cryoablation has emerged
as the preferred treatment because cryoablation and Nd:YAG
laser cyclophotocoagulation are associated with a greater risk
of hypotony and phthisis due to excessive ciliary body de-
struction 15–19.

The aim of the study was to determine the intraocular
pressure (IOP) lowering efficacy of transscleral DCPC
treatment in the management of pain and IOP in patients
with refractory glaucoma.

Methods

This nonrandomized, retrospective study included 95
patients (95 eyes) with refractory glaucoma treated at the
University Eye Clinic, Clinical Center of Vojvodina, Novi
Sad, Serbia, between November 2007 and November 2012.
The study was conducted in accordance with the Declaration
of Helsinki. The patients were divided into two groups: the
group I – patients with primary glaucoma [primary open an-
gle glaucoma (POAG) and primary angle closure glaucoma
(PACG) and group II – patients with secondary glaucoma
(neovascular glaucoma, glaucoma post pars plana vitrectomy
and traumatic glaucoma)].

All the eyes were treated with transscleral DCPC (Iris
Medical OcuLight SLx, Iridex Co, Mountain View, USA).
Inclusion criteria were: painful eyes or eyes with other ocular
symptoms (burning, itching, foreign body sensation) with
elevated IOP and best corrected visual acuity (BCVA) lower
than 0.1 according to Snellen. All anti-glaucoma therapeutic
modalities (topical, systemic medications), except cyclocryo
destructive procedures were tried and rendered unsuccessful.
All the patients received retrobulbar or peribulbar anesthesia
with 3–5 mL injection of lidocaine hydrochloride alone or in
combination with bupivacaine hydrochloride. Cyclophotoco-
agulation treatment employed diode infrared laser of 810 nm
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of wavelength. The average power used was 2.5 W, with 1.5
seconds of duration. Contact tip of G-probe was positioned
1.2 mm behind surgical limbus and 16–18 spots spread over
270° per session were made. The sound of “pop” or “snap”
at the treatment site was used as indicator for tissue disrup-
tion within the ciliary body. To prevent potential inflamma-

tory reactions topical 1% dexamethasone, every one to two
hours while awake, and atropine sulfate 1%, twice a day for
the first seven days, were applied in all the patients.

When the patients required repeated treatment due to
insufficient reduction in IOP, spots were made in untreated
quadrants behind limbus.

The patient's symptoms, BCVA and IOP were recorded
7 days, and 1, 3 and 6 months after the DCPC treatment.

For statistical analyses we used Microsoft Excel soft-
ware with standard statistical parameters and methods – nu-
merical data were presented using minimum, maximum and
average values) standard deviation (SD) and 95% confidence
interval (CI). Student's t-test was used to make comparison
between the groups and to compare IOP values.

Results

A total of 95 patients (95 eyes) were enrolled in this
study, of whom 24 (25.2%) were with primary (the group I)
and 71 (74.5%) with secondary (the group II) glaucoma. In
the group I, there were 20 (21%) patients with POAG and 4
(4.2%) patients with PACG. In the group II 53 (55.7%) pa-
tients had neovascular glaucoma, 11 (11.5%) patients had
glaucoma after pars plana vitrectomy and 7 (7.3%) patients
had traumatic glaucoma.

There was a predominance of males in both groups
(55.7% vs 44.3%). The mean age of patients was 61.5 years
(SD ± 15.4; range 13–86 years). Forty-five (47.3%) patients
were with no light perception (L-). BCVA ≤ 0.1 was found
in 50 (52.7%) patients. There was no significant difference
between the treatment groups in the mean age, gender and
visual acuity. Pain was the chief complaint and the main rea-
son for treatment in 70 (73.6%) patients (20 patients in the
group I and 4 patients in the group II), while other com-
plaints (burning, stinging, foreign body sensation) were the

main reason for treatment in 25 (26.4%) patients (4 patients
in the group I and 21 in the group II). The mean baseline IOP
in the two groups was similar: 36.08 ± 8.39 mmHg for the
group I and 37.36 ± 8.19 mmHg in the group II. The demo-
graphic characteristics and the baseline IOP values are
shown in Table 1.

Mean IOP measurement in the group I showed the fol-
lowing results: on the day 7 it was 13.96 ± 8.30 mmHg
(62.1% decrease regarding the baseline volume), on the day
30 it was 18.44 ± 8.85 mmHg (48.9% decrease regarding the
baseline value), after 3 months it was 22.44 ± 7.36 mmHg
(37.8% decrease from the baseline value), and after 6 months
it was25.92 ± 7.65 mmHg (28.2% decrease regarding the
baseline value) (Figure 1).

Fig. 1  – Mean intraocular pressure (IOP) by the treatment
groups.

Measurement of IOP in the second group showed the
following results: on day 7 it was 15.77 ± 9.73 mmHg
(57.8% decrease regarding the baseline value), on day 30 it
was 20.14 ± 10.20 mmHg (46.1% decrease regarding the
baseline value), after 3 months it was 23.46 ± 9.83 mmHg
(37.2% decrease regarding the baseline value), and after 6
months it was 27.23 ± 9.87 mmHg (27.2% decrease regard-
ing the baseline regarding) (Figure 1).

Table 1
Demographics and baseline characteristics of the patients

Groups of patients
Variable

Primary glaucoma Secondary glaucoma
Age (years), ґ ± SD (min-max) 57.16 ± 10.03 (33–79) 63.12 ± 14.46 (13–86)

13 (54.16) 40 (56.33)
Gender, n (%)

male
female 11 (45.83) 31 (43.66)

8 (33.33) 22 (31)
3 (12.5) 17 (23.94)

BCVA, n (%)
0.03–0.1
L+P+–0.02
L- 13 (54.17) 32 (45.07)

20 (83.33)
50 (70.42)Complaints

pain
other 4 (16.66) 21 (29.58)

Baseline IOP (mmHg), ґ ± SD 36.08 ± 8.39 37.36 ± 8.19
BCVA – best corrected visual acuity; IOP – intraocular pressure.
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During a 6-month follow-up IOP was significantly
lower regarding the baseline values in both groups
(p < 0.001), but there was no significant difference between
the two groups.

After the treatment pain persisted in only 4 (4.2%) pa-
tients. Other complaints (burning, stinging, foreign body sen-
sation) were postoperatively experienced by 39 (41%) pa-
tients. A total of 52 (54.7%) patients had no complaints after
the treatment (Figure 2).

Fig. 2 – Change in chief complaints during the treatment.

Discussion

Transscleral cyclophotocoagulation with a diode laser
has gained popularity and has practically replaced the
Nd:YAG laser and cryo method for treatment of refractory
glaucoma due to comparable efficacy. However, some stud-
ies have found that the therapeutic effect can be lost over
time and in some cases repeated treatment is necessary 20.

There are two factors that determine the laser power –
energy and the duration of application. The energy per appli-
cation should be kept under 5 J. A longer duration allows the
thermal energy to spread through the tissue and reach the
ciliary epithelium 12.

We obtained good results with settings of 2,500 mW
and 1.5 seconds of duration (3.75 J), reserving the higher en-
ergy levels for repeated procedures and lower settings for
eyes with more heavily pigmented irises.

Long-term study of Ataullah et al. 21 in the Manchester
Royal Eye Hospital used 1,500 mW with 2.5 seconds of du-
ration. Six months after DCPC IOP reduction was 42% re-
garding the baseline value. We found a reduction in IOP six

months after the treatment by 28.2% (the group I) and 27.2%
(the group II) regarding the baseline values.

Noureddin et al. 13 showed an IOP decrease in 36 re-
fractory glaucoma eyes from 35.8 mmHg to 19 mmHg (47%
regarding the baseline values) which is a higher IOP de-
crease than our study presented. This difference can be ex-
plained by the fact that they performed a 360 degrees cyclo-
photocoagulation compared to 270 degrees of treatment in
our study.

The other study of Hawkins and Stewart 22 showed an
IOP decrease by 36% after DCPC, from 32.5 mmHg preop-
erative to 21.8 mmHg six months after the treatment. That is
comparable to the results of our study.

Egbert et al. 23 showed a 20% of IOP decrease six
months after DCPC in the treatment of refractory POAG. In
that study 360 degrees of laser treatment was performed and
the energy was 1,500 mW. Our study showed a decrease in
IOP in the patients with primary glaucoma of 28.2% regard-
ing the baseline value.

A retrospective analysis of Murphy et al. 14 including
263 eyes with refractory glaucoma after transscleral DCPC,
showed that 89% of the patients reached 30% drop in IOP.
This overall IOP decrease was similar to our study results.
They had found 3% of patients with pain after the treatment.
In our study 4.2% of the patients had persistent pain post-
operatively due to IOP increase unresponsive to the repeated
procedures.

In a multicenter study, 30 eyes of 30 patients with re-
fractory glaucoma were followed for a median of 2 years af-
ter DCPC. Seventeen to 19 applications were made over 270
degrees, 2 seconds duration and 1,500–2,000 mW power.
IOP fell from a mean baseline pressure of 36.1 mmHg to a
mean of 21.6 mmHg and remained essentially unchanged for
the duration of the study 24. After a 6-month follow-up our
study showed comparable results.

Conclusion

Our study confirmed that transscleral diode laser cyclo-
photocoagulation is a useful, effective and safe procedure
with predictable amount of intraocular pressure decrease,
which makes it the treatment of choice for refractory glau-
coma.
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