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FUNCTIONAL AND STRUCTURAL EFFECTS
OF NONDAMAGING RETINAL LASER
THERAPY FOR MACULAR
TELANGIECTASIA TYPE 2
A Randomized Sham-Controlled Clinical Trial

DANIEL LAVINSKY, MD, PHD,*† MONICA OLIVEIRA DA SILVA, MS,*† ANNE E. CHAVES, MD,*†
WAGNER F. M. SCHNEIDER, MD,* FABIO LAVINSKY, MD, PHD,† DANIEL PALANKER, PHD‡§

Purpose:Macular telangiectasia (MacTel) Type 2 is a progressing neurovascular disease
of the macula, currently lacking effective treatment. This study assessed the effect of
nondamaging retinal laser therapy (NRT) compared with sham.

Methods: Twelve MacTel patients were enrolled in this double-masked, controlled,
randomized clinical trial. For the nine patients with both eyes eligible, one eye was
randomized to NRT or sham and the other received alternate treatment. For three patients
with only one eye eligible, that eye was randomly assigned either NRT or sham. Ellipsoid
zone disruption, best-corrected visual acuity, and macular automated perimetry at 12
months served as structural and functional measures.

Results: Eleven eyes were randomized to sham and 10 to NRT. Baseline best-corrected
visual acuity was 66 letters (20/50) for sham and 72 letters (20/40) for NRT (P = 0.245).
Ellipsoid zone disruption area was 298 mm2 in sham and 368 mm2 in NRT (P = 0.391). At 12
months, ellipsoid zone disruption increased by 24% in sham and decreased by 34% in NRT
(P , 0.001). Best-corrected visual acuity measures remained stable during follow-up com-
pared with baseline. At 1 year, the mean macular sensitivity was 28 dB in the NRT group,
compared with 26 dB in sham.

Conclusion: Nondamaging retinal laser therapy was safe and well tolerated in patients
with MacTel and resulted in structural and functional improvements, which could represent
a protective effect of laser-induced hyperthermia. Longer follow-up and larger number of
patients should help corroborate these effects.

RETINA 00:1–8, 2020

Macular telangiectasia (MacTel) Type 2 is a bilat-
eral, slowly progressive, degenerative disease

that affects the central macular region, resulting in
visual distortion and central visual loss in late stages

caused by foveal atrophy or neovascular changes.1

Because of the presence of telangiectatic vessels
mainly on the temporal juxtafoveal region, it was ini-
tially described as a vascular disease. However,
recently, it has been considered a neurodegenerative
condition that affects Müller cells and retinal blood
vessels and later causes loss of photoreceptors.2

There is no approved treatment for MacTel,
although several approaches have been tried in small
clinical trials, such as steroids, photodynamic therapy,
laser photocoagulation, and anti–vascular endothelial
growth factor therapy. No treatment to date has been
able to halt visual loss progression or reverting the
neurovascular degeneration.3–10 Recently, a Phase 2
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randomized clinical trial of a surgical implant of the
ciliary neurotrophic factor (CNTF) demonstrated
slowing retinal degeneration progression as measured
by loss of the ellipsoid zone (EZ) band on optical
coherence tomography (OCT).11

We have previously reported an algorithm for
photothermal laser therapy that adjusts laser power
and duration based on Arrhenius integral.12 The End-
point Management algorithm maps a clinically rele-
vant range of calculated Arrhenius integral values to
linear steps in pulse energy, normalized to a titration
dose for producing a particular laser endpoint. For
clinical use, 30% energy setting in the Endpoint Man-
agement algorithm is used, with titration to a barely
visible lesion. At these settings, nondamaging retinal
laser therapy (NRT) caused retinal pigment epithelial
(RPE) cells to respond to thermal stress by expression
of heat shock proteins (HSPs) in vivo and also upre-
gulation of glial fibrillary acidic protein expression
that could represent Müller cells’ activation and par-
ticipation in wound contraction.12–15

These experimental findings suggest that NRT could
be useful for treating MacTel Type 2, either by
sublethal thermal stress that causes HSP upregulation
in the RPE and photoreceptors or by Müller cell acti-
vation and stimulation of the tissue repair. Therefore,
this study was designed to assess the safety and clin-
ical effect of NRT in MacTel Type 2 patients com-
pared with the sham laser.

Methods

This randomized, double-masked, sham-controlled
clinical trial was conducted at Hospital de Clinicas de
Porto Alegre (HCPA) at Federal University of Rio
Grande do Sul. The protocol was reviewed and
approved by the Ethics and Research Committee of
HCPA adhering to the tenets of the Declaration of
Helsinki, and each subject gave written informed
consent to participate in the study. This study is listed
at www.clinicaltrials.gov (NCT01975103).

Participants

Eligible patients with the following inclusion criteria
were enrolled: above 18 years of age, diagnosis of
MacTel Type 2 with dilated vessels having character-
istic juxtafoveal leakage on fluorescein angiography,
clinical features such as crystalline deposits, right angle
vessels, retinal opacification, and focal hyperpigmenta-
tion, and OCT findings such as inner or outer retinal
cavitations and EZ break. Exclusion criteria included
other causes of macular disease, any signs of neo-
vascular disease, and insufficiently clear media for good

quality imaging. Eligible eyes had EZ disruption (EZD)
smaller than 4 mm2, as measured by enface swept-
source OCT (SS-OCT) imaging. Best-corrected visual
acuity (BCVA) had to be better than 20/400 and worse
than 20/40, as measured by the ETDRS protocol.

Treatment Randomization and Masking

Eligible patients were assigned to receive NRT or
sham laser, and both eyes of participants could be
included. Participants with one study eye that met the
inclusion criteria were randomized (1:1) to receive NRT
or sham in the study-eligible eye. If both eyes were
eligible, the right eye would be randomized (1:1) to
receive NRT or sham and the left eye would receive the
alternative treatment. Study eyes were treated with same
parameters every 6 months and assessed on Day 0, Week
1, and Months 1, 3, 6, 9, and 12. Assignment was
performed based on a simple randomization using a table
of computer-generated random numbers concealed in
opaque envelopes. Measurements of BCVA were ob-
tained using ETDRS charts and standardized procedures
by certified, masked visual acuity examiners without
references to the patient’s chart or history. A different
masked investigator performed OCT and ophthalmologic
examinations. Double masking was achieved by perform-
ing the same procedures as the active laser group but
treating with zero therapeutic power in the sham group.

Evaluation Procedures

Baseline examination included ETDRS BCVA, slit-
lamp examination of the anterior segment, indirect
ophthalmoscopy, color fundus photography, fluores-
cein angiography, and fundus autofluorescence using
the Triton Plus system (Topcon, NJ).
Optical coherence tomography was performed using

the recently introduced SS-OCT.16–18 Baseline macula
and choroidal thickness were obtained using 12 ·
9-mm scan protocol and OCT angiography, whereas en-
face images were acquired using the 6 · 6 protocol. Same
parameters were used for Day 0, Week 1, and Month 1,
3, 6, 9 and 12 assessments. Measurement of the EZD area
was performed by masked, trained investigator using
6-mm · 6-mm scan volume with automatic segmentation
for the outer retina, which comprises the inner plexiform
layer/inner nuclear layer to the Bruch membrane, and
individual B-scans were interpolated to manually detect
the boundaries of EZD and measure the total area in mm2.
Functional retinal sensitivity was measured with

fundus automated perimetry (CENTERVUE COM-
PASS), using the macular protocol (10-2) (Figure 1).
Examination was performed by an experienced masked
technician with eye-tracker and autofocus features
enabled. Foveal, inner ring and outer ring sensitivity
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(decibels [dB]), and fixation area were measured at the
12-month visit using the same protocol by a masked
technician. Inner ring sensitivity was obtained by aver-
aging four points surrounding the central fixation area,
which was defined as foveal sensitivity (nasal superior,
nasal inferior, temporal superior, and temporal inferior),
and the outer ring was the average of 12 measurements
surrounding the inner ring. The structural correlation was
obtained by infrared imaging acquired simultaneously.19

Laser Treatment Settings

PASCAL laser (Topcon) with 577 nm wavelength
and 200-mm retinal spot size was applied through Area
Centralis HD contact lens (Volk Optical, Mentor, OH).
Retinal treatment begins with titration of laser power
to a minimally visible retinal lesion outside vascular
arcades at 3 seconds, as reported previously.12 Pulses
of 15 ms have been used for titration, where pulse
energy corresponding to a minimally visible burn
was assigned as 100% energy on Endpoint Manage-
ment settings, and energy was then set to 30% for
treatment using the round macular grid pattern (rin =
500 mm, rout = 3000 mm) with 0.25-diameter spacing
between the spots and additional 3 · 3 patterns.14

Laser patterns covered both the damaged and nondam-
aged retina in the posterior pole, as determined by
OCT enface imaging. Sham treatment was applied
with the same protocol as NRT; however, laser power
was set to zero, so patients were able to see aiming
beam in the pattern, but no actual therapeutic laser was
used. Patients in both NRT and sham groups were
treated every 6 months with the same protocol.

Outcome Measures

The primary outcome was change in the area of the
EZD at 12 months, compared with baseline, measured
by enface imaging using SS-OCT, as illustrated in
Figure 2. Secondary outcomes were change in central
macular thickness (CMT), central choroidal thickness
measured on SS-OCT, BCVA at 12 months, compared
with baseline, and difference in retinal sensitivity (dB)
between NRT and sham groups at 12 months, using
automated fundus perimetry. Safety assessment was
performed every visit, and signs of macular scarring,
central scotoma, or any other adverse collateral effect
would be documented and reported.

Statistical Analysis

To address the intereye correlation and inclusion of
either both or only one eye of a patient, the generalized
estimating equation model was used. Adjustment for
multiple pairwise comparisons was performed using
the Bonferroni test, when effect was compared in
multiple time points of the study. All statistical
analyses performed by SPSS Software (IBM SPSS
Statistics for Windows, Version 25.0. Armonk, NY:
IBM Corp.). All clinical data were reported as adjusted
mean ± SE. Because of the limited number of cases
and large variability in the baseline EZD area, meas-
urements within groups were normalized to baseline
data, and relative decrease or increase in the total EZD
area (in %) was reported. A P value less than 0.05 was
considered statistically significant.

Fig. 1. A. Fundus automated
perimetry at 12 months mea-
sured using the macular pro-
tocol. It shows central foveal
sensitivity in decibels (dB) (yel-
low square), inner ring (white
square), and outer ring (red
square). B. Total and pattern
deviation are presented, and data
are compared with the normal
population.
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Results

Study Participants and Baseline Characteristics

Fourteen patients were screened from 2017 to 2018,
and 12 were eligible for this study (mean age 61 ± 7.1
years). Two patients were not eligible because of low
visual acuity and larger than 4 mm2 EZD area on enface
OCT measurement. Of 12 patients enrolled, 11 eyes
were randomized to sham treatment and 10 eyes to
NRT. Eleven patients were white (91%), with three
men (25%) and nine women (75%). Three patients had
only one eye eligible and were randomized to either
NRT or sham. Reasons for ineligibility of the fellow
eye were the presence of neovascularization in one
eye, presence of a macular scar from previous posterior
uveitis, and larger than 4 mm2 EZD area. Every patient
completed the 12-month visit; however, one patient
missed visits at Months 6 and 9 but returned for the last
visit. An average of 322 ± 34 laser spots was applied
using macular grid and additional 3 · 3 patterns, and
mean power for the 100% titration burn was 140 ± 8.7
mW. At baseline (Table 1), the mean BCVA was 66.3 ±
3.6 letters for sham (20/50) and 72.5 ± 3.2 letters (20/40)
for NRT eyes (P = 0.24, 95% CI –16.65 to 4.25), and
EZD area was 298 ± 104 mm2 for sham and 368 ± 116
mm2 in the NRT group (P = 0.391).

Primary Outcomes

Ellipsoid zone disruption area. Ellipsoid zone
disruption area decreased significantly over time in
the NRT group (282.75 ± 26 mm2 compared with
baseline P = 0.029 for 95% CI –161.06 to –4.44)
and, although values increased in the sham group,
there was no statistically significant change compared
with baseline (60.69 ± 35 mm2 P = 1.0 for 95% CI
–42.19 to 163.56). At 12 months (Figure 3), there was
a significant difference in relative EZD comparing
both groups with an increase of 24% in the sham
group (1.24 ± 0.11, 95% CI 1.02–1.46) and a decrease
of 34% in the NRT group (0.66 ± 0.07, 95% CI
0.53–0.80, P , 0.001).

Secondary Outcomes

Central macular and choroidal thickness and
optical coherence tomography angiography. There
were no statistically significant changes in the CMT
over the follow-up of the study, within groups or
between them, with the mean CMT at 12 months of
266.38 ± 4.62 for sham compared with 269.78 ± 4.71
mm for NRT (P = 0.1) (Figure 4). The sham group had
a nonsignificant decrease of 2.1 ± 0.81 mm from

Fig. 2. Color fundus image and
high-resolution SS-OCT of the
retina before the treatment (A),
the corresponding enface image
with the EZD zone (arrow) (B),
and OCT angiography (C)
showing the telangiectatic ves-
sels on the superficial plexus
(arrow). Corresponding images
1 year after the NRT demon-
strate reduced EZD zone (arrow)
in (D and E) and a discrete
reduction in telangiectatic ves-
sels on the superficial plexus
(arrow) (F).

Table 1. Baseline Characteristics

Baseline Characteristics

Treatment Group

PSham NRT

Eyes 11 10
Age (range) 62 (49–72) 62.5 (56–72)
Gender Male (2) Male (2)

Female (9) Female (8)
Ethnicity White (10) White (9)

African (1) African (1)
BCVA (letters) 66.3 ± 3.6 (20/50) 72.5 ± 3.2 (20/40) 0.24
CMT (mm) 268.49 ± 4.63 270.42 ± 4.57 0.23
Central choroidal thickness (mm) 245.01 ± 18 251.89 ± 20 0.54
EZD area (mm2) 298 ± 104 368 ± 116 0.39
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baseline (95% CI –4.49 to 0.27 P = 0.14) compared
with NRT, which showed a mean decrease of 0.64 ±
0.71 mm (95% CI –2.75 to 1.57 P = 1.0).
Baseline central choroidal thickness was 245.01 ±

18 mm for the sham group and 251.89 ± 20 mm for the
NRT group (P = 0.54). Measurements remained stable
throughout the follow-up for both groups, with no
statistically significant changes between the groups
or compared with baseline (233.58 ± 15 mm vs.
240.42 ± 19 mm for sham and NRT, respectively, P
= 0.53). No significant clinical or statistical changes in
OCT angiography for superficial vascular density have
been observed in both groups during the study follow-
up.

Best-corrected visual acuity. At the baseline, there was
no statistically significant difference in BCVA between
groups, and over the follow-up period, there was no
statistically significant change in BCVA within each
group, compared with baseline (P . 0.05 for all meas-
urements and time points) (Figure 5). However, the dif-
ference between groups did become statistically
significant over time, and at 12 months, the mean BCVA
was 65.6 ± 3.7 (20/50) for sham and 73.2 ± 1.8 letters
(20/40) for NRT (mean difference of 27.6 ± 3.6, 95%
CI –14.7 to 20.5, P = 0.035).

Fundus automated perimetry. Because of the lack of
the fundus automated perimetry system at the beginning
of the trial, this measurement was performed only at the
12-month visit. Stable and sufficient fixation was
present in all patients for perimetry measurements. At
that time, inner ring macular sensitivity was signifi-
cantly higher in the NRT group (28.22 ± 0.71 dB)
compared with sham (25.86 ± 1.13 dB, P = 0.028)
(Figure 6A). No significant difference was observed

in the foveal and outer ring sensitivity measurements,
mean deviation (MD) or pattern standard deviation
(PSD) values between the groups (P = 0.15). Total
fixation area was larger in the sham group, compared
with NRT (7.94o2 ± 2.7 vs. 3.47o2 ± 1.46, P , 0.001)
(Figure 6B).

Adverse Events

No severe adverse events related to the treatment
have been detected in both groups. No visible laser
burns were found in patients treated with NRT. We did
not find any laser scars by SS-OCT enface imaging or
autofluorescence, and there was no decrease in retinal
sensitivity in the treatment group, compared with sham
at 12 months.

Fig. 3. Mean relative EZD area in NRT and sham groups over 12-
month follow-up. Data were normalized by the baseline EZD area (m2).

Fig. 4. Mean CMT in the NRT and sham groups over 12-month follow-
up.

Fig. 5. Mean BCVA in NRT and sham groups over 12-month follow-
up. Data shown as mean ETDRS letters.
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Discussion

Nondamaging retinal laser therapy was safe and well
tolerated in MacTel patients, and it significantly
decreased the EZD area compared with sham at 12
months, which could represent a neuroprotective effect
of the laser-induced hyperthermia below the tissue
damage threshold. Statistically significant differences
between groups in visual acuity and retinal sensitivity
have been detected, suggesting the structural and
functional effect within the first year of this prospective,
controlled, randomized clinical trial.
Conventional laser photocoagulation has been used

for decades in the treatment of several retinal diseases;
however, it has not been effective for MacTel Type 2,
with no significant structural or functional changes
reported.20 Our approach differs significantly from
focal laser photocoagulation: Conventional retinal
laser treatment aims at obliteration of abnormal ves-
sels, such as microaneurism or telangiectatic capillar-
ies, whereas NRT induces photothermal stimulation of
the RPE with no visible structural damage to cells.14

Because of the lack of tissue damage, NRT is applied
in a very dense grid, covering the treatment zone
nearly confluently, unlike the sparse focal coagulation.
In addition, the absence of damage allows periodic
retreatment of the retina, which is critical in the man-
agement of chronic diseases.12

For years, the therapeutic goal for MacTel was to
control vascular changes and leakage observed on
fluorescein angiography, which was the diagnostic
system of choice. However, with better diagnostic
methods, such as OCT and OCT angiography and the
current hypothesis that MacTel is a neurodegenerative
disease rather than a pure vascular disorder, the goal
has shifted to approaches focusing on neuroprotection.
Leading this strategy, the MacTel Study Group has
published results of the Phase I and Phase II clinical
trial using CNTF that seemed to be safe in both trials.
In the Phase II trial, eyes in the sham group exhibited
31% progression in the EZD area, compared with

CNTF-treated eyes.11,21 Although these results are
promising, longer and larger Phase III trial data are
warranted to confirm the safety and efficacy of this
approach. Meanwhile, currently available methods,
such as NRT, seem to be safe and, based on the results
of this trial, could be used to at least halt the progres-
sive natural history of MacTel.
Our protocol used the same parameters as in the

CNTF trial for the primary outcome, which was the
loss of EZ integrity, measured on high-resolution OCT
enface images. This parameter was chosen as a mea-
sure of the photoreceptor loss, and it has shown a good
correlation with EZ segmentation on OCT and histo-
logical characteristics of photoreceptors’ inner and
outer segments.22 Remarkable anatomical improve-
ments in the NRT group compared with sham corre-
lated positively with functional results at 12 months,
including higher retinal sensitivity, smaller fixation
area, and better acuity in the NRT group. As shown
in large observational studies, acuity decreases very
slowly in MacTel patients, even with significant
EZD.1 These results support the structure–function
relationship suggested by the CNTF trials.23

Sublethal hyperthermia of the retina induces HSP
expression,24 which could at least in part explain the
mechanism of action leading to therapeutic benefits of
NRT. Normally, HSPs and other chaperones refold
damaged proteins and protect cells from their aggre-
gation and proteotoxicity.25 HSP27 and 70 have
shown to provide antiapoptotic functions and prevent
retinal cell death by hyperexpression of HSP70 and by
hypoexpression of cleaved caspase 3 in the experimen-
tal model of tissue hyperthermia.26 Therefore,
increased expression of HSP and co-chaperones in
the RPE in response to laser-induced thermal stress
might facilitate partial restoration of the RPE function,
as well as glial and retinal cells, and promote their
survival.
Postmortem studies demonstrated that the deep

plexus retinal vasculature is dilated in MacTel Type
2 patients, and these areas appear to have Müller cell

Fig. 6. A. Mean central sensi-
tivity (dB) measured by auto-
mated fundus perimetry of sham
and NRT groups at 12 months.
B. Mean fixation area (o2) mea-
sured by automated fundus
perimetry in NRT and sham
groups. Numbers on the plots
indicate individual outlier pa-
tients. *Represents outlier value.
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depletion.2 Experimental ablation of Müller cells
caused neuroretinal degeneration resembling some as-
pects of MacTel, such as photoreceptor apoptosis and
vascular telangiectasis.27 We have previously reported
that the activation of Müller cells in and around laser
lesions (observed by glial fibrillary acidic protein
expression) may be responsible for retinal wound con-
traction and restoration of the photoreceptor layer after
thermal damage.15 Activation of Müller cells by NRT
might be one of the mechanisms of action specifically
beneficial for MacTel because it might be responsible
for restoration of the EZ band seen in at least partially
in three eyes from this trial (Figure 1). Spontaneous
restoration of the EZ line has also been reported in
clinical series28; however, in our controlled trial, we
did not observe this in the sham group, where the EZD
actually enlarged over time.
This study is limited because of the small number of

enrolled patients and relatively short follow-up.
Because of the small sample size of this trial, baseline
differences mainly for EZD were evaluated by relative
(%) change in EZD over time as the best feasible
measure to properly compare results with a limited
number of patients. However, even with a small number
of patients enrolled, randomization and sham-control
add confidence in its findings, compared to earlier pilot
tests in a case series.12 Another limitation was the avail-
ability of fundus automated perimetry measurement on-
ly at the 12-month visit; hence, we were unable to
evaluate progression of the retinal sensitivity over time.
We plan to keep following these patients, and we
should be able to provide such comparison in the future.
It is clear, however, that NRT did not cause any
decrease in retinal sensitivity compared with sham eyes
and normal population, which would occur with high-
density photocoagulation macular grid.29,30

In conclusion, findings of our study indicate a supe-
rior short-term clinical performance of NRT over
sham, based on anatomic and functional measures.
These observations should constitute a “proof of prin-
ciple” that the nondamaging retinal laser may have
a role in the treatment of MacTel Type 2, but these
data should be confirmed by longer follow-up and
larger clinical trials.

Key words: laser, retina, macular telangiectasia
type 2, PASCAL, randomized clinical trial.
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