
Intoduction
Age-related macular degeneration (ARMD)

is one of the leading causes of visual im-

pairment in the world. Severe visual loss in
ARMD is mainly due to choroidal neovas-
cularization (CNV), which appears as a
subretinal fibrovascular proliferation in the
macular area [1,2] Currently, the argon
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Abstract
Background: Transpupillary thermotherapy is a new treatment for subfoveal

choroidal neovascularization which needs further evaluation. This study was aimed
to evaluate the efficacy of transpupillary thermotherapy on regression of occult sub-
foveal choroidal neovascularization with or without pigment epithelial detachment
in patients with age-related macular degeneration.

Methods: In a case series study, patients with age-related macular degeneration
who had occult subfoveal choroidal neovascularization less than 4 disc diameters
with or without pigment epithelial detachment underwent transpupillary ther-
motherapy by diode laser. The patients were followed for 1-12 months. Main out-
come measures were visual acuity changes, flattening of pigment epithelial detach-
ment observed clinically, or absence of leakage in angiography. The data were ana-
lyzed using T-test and chi- square.

Results: The study included 30 eyes of 30 patients. Mean age of the patients was
67±7 years. Mean follow up time was 5.3±0.5 months. Visual acuity improved in
63%, remained unchanged in 20%, and worsened in 17%. Mean visual acuity im-
proved from 1.25±0.4 log MAR (20/320) to 1.06±0.36 log MAR (20/200),
(p<0.04). Choroidal atrophy or flat scar was achieved in 73% and failure to treat-
ment was seen in 27%, (p =0.0001). Pigment epithelial detachment flattened in all
cases after transpupillary thermotherapy. 

Conclusion: Transpupillary thermotherapy may be a particularly useful modali-
ty for treating occult subfoveal choroidal neovascularization associated with serous
pigment epithelial detachment in selected cases of age-related macular degenera-
tion.
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laser is widely used for the treatment of
perifoveal and extrafoveal CNV and pre-
vents severe visual loss, however it de-
stroys the neurosensory retina and in the
case of subfoveal CNV leads to severe vi-
sual loss [3,5] .

Unfortunately, in almost 90% of the pa-
tients with ARMD who have visual loss
secondary to macular CNV, the argon laser
is not useful because of large, occult, or
subfoveal CNV [2]. Lack of a definite
treatment for CNV especially the subfoveal
type has evolved various therapeutic
modalities like photodynamic therapy
(PDT) [6], radiotherapy [7], macular sur-
gery [8,9], trans-scleral diopexy [10], in-
traocular and subtenon steroid injection,
[11], interferon α-2a [12], oral thalidomide
[13], and transpupillary thermotherapy
(TTT) [14].

Transpupillary thermotherapy is a new
treatment that has been suggested for small
choroidal melanoma and CNV. In this
method, a diode laser beam (λ= 810 nm)
with a spot size of 500-3000 μ and a power
of 300-900 mw is delivered to the choroids
and retinal pigment epithelium through the
pupil. Preferential absorption of the heat
energy by CNV causes closure of choroidal
vessels [15]. However, TTT may injure all
layers of the retina [16]. It is also a much
less expensive treatment than PDT and oth-
er treatment modalities. In a pilot study,
TTT has controlled CNV of ARMD both
clinically and angiographically in 94%,
while visual acuity remained stable or im-
proved in 75% of the eyes [3].

The efficacy of all new treatments in cas-
es of occult CNV in association with pig-
ment epithelial detachment (PED) is un-
clear and even PDT with its high cost is not
effective for treatment of such cases. In this
study we have evaluated the efficacy of
TTT for the treatment of eyes with ARMD

who had occult CNV with or without PED.

Methods
This study was designed as a retrospec-

tive interventional case series. Patients
with ARMD who presented to the Negah
Eye Center in Tehran from 2001 to 2003,
underwent a complete ophthalmic exami-
nation as well as fluoresein angiography
(FAG). Those who had occult CNV with or
without PED, size less than 4 disc diameter,
and enough dilated pupil without media
opacity were selected for TTT. Patients
with any component of disciform scar, or
another previous treatment were excluded
from the study. An informed written con-
sent was obtained. Then, TTT was per-
formed using a diode laser at 810 nm
(Viridis-Twin Diode Laser, Quantel Med-
ical, France) with various parameters (spot
size, power, and duration) through Gold-
man or Centralis contact lens. The spot size
was adjusted at about 200 μ larger than the
most peripheral limits of the largest dimen-
sion of the lesion. If the lesion was larger
than 3000 μ multiple side by side spots
were applied to cover the entire lesion. The
power was selected according to the guide-
lines of our laser system proportional to the
spot size with larger spots requiring higher
power levels. In general, for a 2 mm spot
size, the initial power level was 400 mw. As
soon as a discoloration appeared, the laser
was discontinued and reinitiated by a pow-
er of 100 mw lower than the previous set-
ting.

The chosen duration was 60 seconds for
all the eyes. The end point of each laser ap-
plication was barely a visible color change.
Laser was not applied to the subfoveal area
of the CNV in eyes with a good fixation,
however in most of the eyes the whole area
of CNV including the fovea was treated as
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well. Retreatment was performed if flatten-
ing of the PED or decreasing of the subreti-
nal hemorrhage, fluid or exudation didn’t
occur after a waiting period of at least 6
weeks.

After TTT, the patients were followed at
6 weeks, 3, 6, and 12 months if there was an
appropriate response. At each follow up a
complete ophthalmic examination was per-
formed. Main outcome measures were vi-
sual acuity changes, flattening of the PED
observed clinically, and the presence or ab-
sence of leakage in angiography. Statistical
analysis of data was performed by T-test
and chi-square.

Results
The study included 30 eyes of 30 patients.

Twenty-two cases (73%) were males. The
mean age of the patients was 67±7 years
(range, 55 to 78 years). The mean laser spot
size was 1478±664 μ (range, 500 to 3000 μ).
The mean laser power was 445±121 mw

(range, 300-800 mw). The duration of laser
was 60 seconds for all the eyes. The mean
follow up time was 5.3±0.5 months (range, 1
to 12 months). 

Initial visual acuity was better than 1/10
in 37% of the eyes while after TTT, 43%
had visual acuity of better than 1/10. Visual
acuity improved in 19 (63%) eyes, un-
changed in 6(20%), and worsened in
5(17%). The mean visual acuity improved
from 1.25±0.4 log MAR (20/320) to
1.06±0.36 log MAR (20/200) which means
2 lines visual improvement (p<0.04),
(Table 1).

Twelve (40%) eyes had PED, which was
large (involving the whole posterior pole)
in two, (Table 2). Subretinal fluid was ob-
served in 22 (73%) eyes,  67% of which  re-
sponded to the laser therapy. Subretinal
hemorrhage was seen in 17(57%) eyes,
which persisted in 5 (28%) of them even af-
ter the TTT (p<0.05). TTT retreatment was
required in 2 (7%) eyes, which finally re-
sulted in visual acuity of 20/30 in one, and
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* PED: pigment epithelial detachment. † CA: choroidal atrophy. ‡ FCS: flat choroidal scar

Table 1. Characteristics of 30 patients with occult CNV secondary to ARMD who underwent TTT.

Table 2. Characteristics of patients with pigment epithelial detachment in association with occult CNV
secondary to ARMD who underwent TTT.

* SRF: subretinal fluid. † SRH: subretinal hemorrhage. ‡ CA: choroidal atrophy. § FCS: flat choroidal scar.
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20/60 in the other. 
Anatomical success defined as appear-

ance of choroidal atrophy or flat scar was
achieved in 22(73%) eyes and failure de-
fined as appearance of disciform scar, re-
current or persistent CNV was seen in
8(27%), (p=0.0001). All the PEDs even
large lesions responded well to the TTT
without any RPE rupture (Fig. 1A-D). Nei-
ther anterior nor posterior segment compli-
cations of TTT were observed in this series. 

Conclusion
For the first time, TTT was used in con-

junction or after plaque radiotherapy for

treatment of small choroidal melanoma
that failed to respond to the plaque radio-
therapy alone by Oosterhuis and coworkers
[17] in 1995. It probably affects the
choroidal vessels by hyperthermia. Hyper-
thermia damages the endothelium of CNV
or tumor vessels and results in platelet ag-
gregation, blood cell adhesion, thrombosis
and obstruction of vessels, release of va-
soactive molecules, and increased vascular
permeability [14]. Yet more has to be done
to reveal the exact overlying mechanisms.
The concept of minimizing collateral dam-
age to adjacent or overlying retina is the ra-
tionale behind PDT and indocyanine
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Fig.1 A-D. (A) A large pigment epithelial detachment in an eye of a 70-year-old lady with CNV secondary to
ARMD and visual acuity of counting fingers, and (B) its FAG before TTT. (C) Same eye after TTT, which
shows flattening of the PED and (D) faint staining of the scar in FAG (visual acuity improved to 20/200).
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green-enhanced diode laser treatment. TTT
may also minimize the collateral damage,
and the theoretical advantage of its lower
thermal energy compared with traditional
laser photocoagulation is the point of inter-
est for most researchers. However, Peyman
and coworkers [16] in an experimental ani-
mal study have shown that TTT using
diode laser injures all layers of the retina. 

CNV of ARMD was treated with TTT by
Reichel and coworkers [3] for the first time
in 1999. In their study of 16 eyes, the visual
acuity improved 2 or more lines in 19%,
unchanged in 56%, and decreased in 25%.
They considered the reduction of the exu-
dation as a sign of vascular occlusion and it
was observed in 94% of the eyes, however
simultaneous evaluation of the occult and
classic CNV may be a source of bias in
their study. In our study, the number of eyes
was almost twice Reichel’s study and in ad-
dition to reduction of the exudation, ap-
pearance of a flat scar or choroidal atrophy
was also considered as a sign of treatment
response. By this definition, 73% of our pa-
tients responded to TTT. It should be noted
that although disciform scar causes reduc-
tion of exudation, it is not a sign of success-
ful treatment. 

In our study, all the PEDs responded well
to TTT and did not demonstrate any com-
plication related to laser thermal therapy.
Karel and coworkers [18] in a study of 30
eyes have reported that after TTT, serous
PED re-attached in 13 eyes (43%).

In a study by Stevens and coworkers [6],
the natural course of the CNV was evaluat-
ed in eyes with ARMD. They reported that
during 9-12 months, the size of the occult
CNV increased more than 2-times in 32%,
the classic CNV enlarged in 52%, and the
mean visual acuity decreased 2.5 lines.
Newsom and coworkers [19] have reported
that the occult neovascular membrane of

ARMD regressed by TTT in 78%. Newsom
and coworkers [20] also showed good sta-
bility of both occult and classic CNV after
TTT with little visual loss and few recur-
rences during 28 months follow up. In our
study it was shown that TTT not only im-
proved the mean visual acuity (2 lines), but
also resulted in anatomical success (73%). 

One of the problems of TTT is the choos-
ing of appropriate laser parameters. The
amount of fundus pigmentation [21,23],
and the CNV size [23] are important factors
to choose the laser parameters. Eyes with
pigmented fundus, or small lesions need
lower laser power. Also, excessive lens
pressure on the globe decreases the
choroidal blood flow and in turn increases
the laser thermal effect [24].

In the absence of a definite treatment for
ARMD especially those in association with
PED, and weak effect of the other methods
like PDT which is also costly and often re-
quires retreatment, TTT may be considered
as a more economic and effective replace-
ment. The validity of all these conclusions
needs to be proven in a randomized clinical
trial. Also, TTT should be compared with
PDT in a randomized study. 
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