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Therapeutic benefit of
melatonin in refractory
central serous
chorioretinopathy

Abstract

Purpose To evaluate the efficacy and safety
of melatonin for the treatment of chronic
central serous chorioretinopathy (CSCR).
Methods Prospective comparative case
series. A total of 13 patients with chronic
CSCR were treated for 1 month: 8 patients
were treated orally with 3 mg melatonin t.i.d.,
and 5 with placebo. All patients had 20/40 or
worse Early Treatment Diabetic Retinopathy
Study (ETDRS) best-corrected visual acuity
(BCVA) in the affected eye or presented an
incapacitating scotoma. Most of the patients
had previous failed treatments for their
condition. Observational procedures included
ETDRS BCVA, and complete ophthalmic
examination. Optical coherence tomography
(OCT) was performed at day 1 and week 4.
Fluorescein angiography was performed at
baseline only for diagnostic purposes. Data
were subjected to two-sample t-test statistical
analysis. P-values of <0.05 were considered
statistically significant.

Results At 1-month follow-up, BCVA
significantly improved in 87.5% of patients
treated with melatonin (7 of 8 patients,

P <0.05). All patients showed a mean
significant reduction (P <0.01) of central
macular thickness (CMT) when compared with
the baseline, with 3 patients (37.5%) exhibiting
complete resolution of subretinal fluid at
1-month follow-up. No significant side effects
were observed. No changes in BCVA or CMT
were noted in the control group.

Conclusions These results suggest that
melatonin is safe, well tolerated, and
effective in the treatment of chronic CSCR,
as it significantly improved BCVA and

CMT in patients with this pathology.

Further evaluations with longer follow-up
and a larger patient population are

desirable.
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Introduction

Central serous chorioretinopathy (CSCR) is a
retinal disease characterized by serous
detachment of the neurosensory retina and/or
the retinal pigment epithelium (RPE) because of
altered functions at the RPE level.! CSCR is a
common cause of mild to moderate visual
impairment. Visual acuity (VA) can fluctuate
from 20/20 to 20/200 (although usually
averages 20/30), and patients typically complain
of unilateral blurring of vision, micropsia,
metamorphopsia, decreased color vision, and
abnormalities in contrast sensitivity or central
scotoma. Patients are usually mid-life men, with
type A personality, though women can also be
affected.? Fundoscopic signs of CSCR vary from
discrete isolated leakage point at the level of the
RPE to more diffuse RPE dysfunction, multifocal
lesions, and bullous retinal detachments.

Although symptoms in patients with CSCR
are usually self-limited with 80-90%
spontaneous resolution of serous retinal
detachment, patients with classic CSCR have a
40-50% risk of recurrence of the disease in the
same eye,? resulting in persistent detachments,
often associated with chronic RPE changes and
failure to recover high-quality central VA.
Moreover, choroidal neovascularization (CNV)
may occur as a complication of CSCR, and is
associated with progressive and permanent
visual loss. The risk of CNV from previous
CSCR has been established as <5%, but has an
increasing frequency in older patients.* Despite a
return to good central VA, many of these
patients still notice residual symptoms as
dyschromatopsia, loss of contrast sensitivity, or
metamorphopsia.

Melatonin is known to be involved in the
regulation of many physiological functions,
including the entrainment of seasonal and
circadian rhythms. In humans, melatonin
participates in the regulation of sleep, seasonal
disorders, and aging.’ Moreover, antitumoral
properties of melatonin, as well as its
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involvement in the responsiveness of the immune system,
have been described.®” Besides the pineal gland,
melatonin is also biosynthesized in the retina, where it
behaves as an endogenous neuromodulator.

Although it has been shown that melatonin may
provide neuroprotection in different systems,’ the full
range of actions of melatonin is still not completely
known. In that context, experimental evidence supports
the actions of it and its metabolites as a direct and indirect
antioxidant,'!! scavenging free radicals,!! stimulating
antioxidant enzyrnes,12 and enhancing the activities of
other antioxidants.12 Moreover, several lines of evidence
suggest that melatonin may act as a protective agent in
ocular conditions such as photokeratitis, cataract,
retinopathy of prematurity, and ischemia/reperfusion
injury.'3!* We have previously shown the beneficial effect
of melatonin against retinal glaucomatous!® and
diabetic!® damage. In addition to its antioxidant effects,
several other mechanisms may be involved in
neuroprotection induced by melatonin, like the inhibition
of the nitridergic pathway,!” decrease in vascular
endothelial growth factor (VEGF) levels,® as well as its
inhibitory effect on glucocorticoid actions.'8

At present, there are no optimal therapies for CSCR;
current treatments have limited effectiveness and a
significant number of side effects. It has been demonstrated
that even at very high concentrations given during
pregnancy, melatonin had no maternal or fetal toxicity.!?
In this context, the aim of this report was to analyze the
safety and efficacy of melatonin in the treatment of CSCR.

Materials and methods
Patients

This work received institutional review board approval
from the Oulton-Romagosa Joint Committee on Clinical
Investigation (C.I.LE.I.S OULTON-Romagosa). Patients of
any gender and >18 years old with diagnosis of chronic
CSCR, as demonstrated by complete eye examination,
fluorescein angiography (FA), and optical coherence
tomography (OCT), were included in the study. Patients
must have had a best corrected Early Treatment Diabetic
Retinopathy Study (ETDRS) visual acuity worse than
20/40, a central scotoma, or incapacitating
metamorphopsia in the affected eye, and the ability to
comply with the study protocol.

Exclusion criteria were as follows: patients with
significantly compromised VA in the studied eye due to
concomitant ocular conditions, history of vitrectomy in the
studied eye, history of prior laser treatment or anti-VEGF
therapy in the past 3 months, any suspicion of CNV,
patients participating in any other investigational drug
study, pregnant or nursing patients, inability to obtain
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photographs (including difficulties with venous access), or
patients with known adverse reaction to fluorescein. All
participants were informed about the scope and purpose of
the study, and told that it was voluntary to participate,
without compensation, and that their medical care would
not be compromised if they refused to participate in the
study. A full and detailed explanation of the proposed
interventions was given to all patients and informed
consent was obtained in every case.

Patients were randomly selected for receiving
melatonin or placebo. A regimen of 3 mg three times a
day (9 mg/day) was administrated for a period of
1 month to 8 patients (denoted numbers 1 to 8) with
chronic, relapsing CSCR, defined as persistence of the
detachment for >6 months, or chronic recurrent acute
detachments with widespread compromise of the RPE.
This dose of melatonin was chosen because it is well
tolerated in children, adolescents, and young adults
without reporting any side effects.?Y Five patients
(denoted numbers 9 to 13) with similar clinical
characteristics served as control. Sugar pills were
administered as placebo.

The primary end point was 4 weeks and afterwards
patients were followed up for 1 year. The VA was
converted to decimal equivalents and then to a logarithm
of the minimum angle of resolution (logMAR) scale before
being averaged. The FA images of the eyes were obtained
using VISUCAMIite Digital Camera (Carl Zeiss Meditec,
Dublin, CA, USA) and the OCT images were obtained
using Cirrus high-resolution spectral domain-OCT (SD-
OCT) system (Carl Zeiss Meditec). OCT scanning was
carried out by a retinal specialist who was blind with
respect to the treatment applied to each patient. Cirrus
high-resolution SD-OCT scans were performed using the
Macular Cube 512 x 128 scanning protocol and the HD 5
line raster protocol. Scan inclusion criteria allow only
images with signal strength of >7. Percent variation was
calculated to compare the baseline best-corrected visual
acuity (BCVA; logMAR) with the final BCVA.

Data were subjected to two-sample t-test statistical
analysis using SPSS version (Chicago, IL, USA) 11.5
statistics program. P-values of <0.05 were considered
statistically significant.

We certify that all applicable institutional and
governmental regulations concerning the ethical use of
human volunteers were followed during this research.

Results

Clinical and ophthalmologic characteristics of patients
with chronic CSCR treated with melatonin or placebo are
listed in Table 1. Eight patients were treated with
melatonin. The mean age of melatonin-treated patients
was 46.6 years (range, 40-56), with the woman/man ratio

w
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Table 1 Clinical and ophthalmologic characteristics of melatonin-treated and control patients

Previous treatment/s

Mean duration of symptoms

No. of
within each episode

episodes

Duration of
symptoms

Gender Eye Symptom/s

Age
(years)

Patient no.

NSAIDs; steroids

The patient failed to recall

9 Days 3rd

OD Central scotoma

Male

48
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pre-tx BCVA
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0.6
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pre-tx BCVA
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Figure 1 Effect of melatonin on logMAR BCVA in patients with
CSCR. Melatonin (3mg/day t.i.d.) significantly increased log-
MAR BCVA at I-month follow-up, whereas no significant
changes in this parameter were noted in the control group
(*P<0.05 vs pretreatment values, by two-sample f-test (1 =9, for
melatonin group; n=>5, for control group)).

being 1:7. The number of right and left eyes studied was
similar. The average number of episodes was 3.87 per
patient, with a range of 1 to 8. Five patients with chronic
CSCR served as a control group. The mean age of control
patients was 44 years old (range, 34-53), with the
woman/man ratio being 1:4. The number of right and
left eyes studied was also similar (3 right eyes and 2 left
eyes). The average number of episodes was 2 per patient,
with a range of 1 to 3.

In the melatonin group, pretreatment ETDRS BCVA
ranged from 20/20 to 20/63 and all patients were
experiencing new visual changes before starting the
treatment. Mean pretreatment logMAR BCVA improved
from 0.29 at baseline to 0.12 at 1-month follow-up, with
the change in VA being statistically significant (P <0.05;
interval coefficient: 95%, Figure 1). All patients treated
with melatonin showed a reduction in central macular
thickness (CMT) within the same period, with complete
resolution of subretinal fluid (SRF) in 3 patients (37.5%,
patient nos. 5, 6, and 7). When compared with baseline
CMT, a mean decrease of 34.7% was achieved at 1 month
of treatment. Mean CMT at baseline was 413.3 +117.8 um
(range, 315-512) and it was reduced to 264.5+57.8 ym



(range, 202-335) at the end of the follow-up time (Table 2).
As shown in Figure 2, this reduction was statistically
significant (P =0.003; interval coefficient: 95%).

Table 2 Effect of melatonin on mean BCVA and CMT
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Representative OCT images of a patient (patient no. 7)
before and after 1 month of melatonin treatment are
shown in Figure 3. In the control group, mean

Patient no. Pre-tx Pre-tx BCVA at CMT at 1-month Changes in Changes in
BCVA CMT (um) 1-month post tx post tx (pm) BCVA (letters) CMT (pm)

1 20/63 640 20/20 323 +25 -317

2 20/32- 396 20/25 335 +6 -61

3 20/5072 281 20/70 230 -13 -51

4 20/50°2 490 20/20 316 +22 -174

5 20/20 441 20/20 227° 0 -214

6 20/50 270 20/32" 233" +9 -37

7 20/40°2 399 20/20 250° +17 -149

8 20/32*! 389 20/32+2 202 +1 -187

9 20/207! 304 20/40 295 -14 -9

10 20/50*! 322 20/507! 366 -2 +44

11 20/50 252 20/50*" 270 +1 +18

12 20/32 298 20/3271 300 -1 +2

13 20/5072 442 20/63" 460 -4 +18

Abbreviations: BCVA, best-corrected visual acuity; CMT, central macular thickness; tx, treatment.

Melatonin-treated patients: 1-8; control group: patients 9-13.

?Complete resolution of subretinal fluid and/or pigment epithelial detachment (PED).

700

TREATED GROUP

600
W Pre-tx CMT
500 1 month post-
melatonin CMT
400
E j
= p=0.003
300
i
200
Mean
100 pre-tx CMT
0 waaa Mean CMT &t
1 month post-tx
Patient
700 CONTROL GROUP
e W Pre-tx CMT
500 1 month post-
placebo CMT
Mean
pre-tx CMT
Mean CMT at
=== 1 month post
Patient placebo

Figure 2 Effect of melatonin on CMT. The treatment with
melatonin (3 mg/day t.i.d.) induced a significant decrease in this
parameter at 1-month follow-up, whereas no significant changes
in CMT were observed in the control group (*P=0.003 vs
pretreatment values, by two-sample t-test (n1=9, for melatonin
group; n=>5, for control group)).

Figure 3 Representative OCT images of a patient (patient no. 7),
before (upper panel) and after (lower panel) 1-month treatment
with melatonin. Note the complete resolution of subretinal fluid
after 1-month treatment. It is it is worth noting that, as stated in
Table 1, the patient could not the recall last time that he was
symptom free.

Ul
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pretreatment logMAR BCVA changed from 0.28 at
baseline to 0.36 at 1-month follow-up, with the change in
VA being nonstatistically significant (average percentage
change 6.12%, P=0.391; interval coefficient: 95%).
Regarding retinal thickness, mean CMT at baseline was
323.6 +71.4 ym (range, 252-442) and it increased to
338.2+76.8 ym (range, 270-460) at the end of the follow-
up time (Table 2). The mean change in CMT of control
patients did not differ along the study (14.60 +20.02,
P=0.178; interval coefficient: 95%). In contrast, the
average difference between the initial and the final CMT
when comparing melatonin-treated patients with controls
(-148.75y +14.60, respectively) was statistically
significant (P =0.002).

Only one case of recurrence was observed in the
melatonin-treated group at 1-year follow-up. Patient no. 2
showed an initial reduction in CMT with improvement in
BCVA and decreased dischromatopsia, but increased
macular elevation with drop in BCVA developed yet
again at ~5 months after treatment. No significant drug-
related side effects were observed at 1-year follow-up.
Two patients referred some drowsiness at the first day on
treatment, with normalization after ~2 days.

Discussion

The present results suggest that melatonin is safe, well
tolerated, and effective in the treatment of chronic CSCR.
The uses of the conventional forms of treatment for CSCR
are restricted by their limited success and significant side
effects. Focal laser photocoagulation therapy has been
described as the first therapeutic option for the treatment
of long-lasting CSCR.2! However, this approach is not
usually beneficial in the handling of chronic CSCR as
there is not an easily identifiable leakage point, but rather
a diffuse dysfunction of the RPE. Moreover, laser
treatment can induce a permanent scotoma and the
development of choroidal neovascular membranes.??
More recently, several authors have attempted
photodynamic therapy (PDT) as a new therapeutic
option, with acceptably good results in VA recovery.
Nevertheless, this alternative management is also not

23,24

devoid of ocular adverse effects, as PDT has been
associated to choroidal atrophy with retinal toxicity,
as well as with the development of CNV.?” Even though
changes in PDT parameters are currently explored in
order to reduce the possible side effects of PDT,

25,26

controversy still exists regarding timing and fluence of
administration.!

Other treatment options for CSCR include the use of
intravitreal bevacizumab (IVB),?® oral propanolol,29
low-dose aspirin,® mifepristone,3! and systemic
administration of ketoconazole.’? However, further
evidence is needed to substantiate these potential

Eye

treatments, as inconsistent results regarding the efficacy
of these interventions have been reported in the
literature 3233

At present, the pathophysiology of CSCR remains
unclear. Several factors have been implicated in the
initiation and development of this retinal disorder,
including immunological reactions, toxins, infections, and
neuronal, hormonal, or circulatory proces,ses.34‘38 One
theory suggests that there is a focal increase in the
choriocapillaris permeability that causes damage to the
overlying RPE, and it is suspected that the disturbance
would originate in an alteration of the mechanisms of
choroidal blood flow autoregulation.?* An alternative
hypothesis postulates that CSCR is provoked by a
dysfunction of the RPE that, in turn, causes a reverse in
fluid movement in a chorioretinal direction, leading to
subretinal space leakage and retinal detachment.*
Furthermore, autonomic function is impaired in patients
with CSCR.4! As autonomic supply modulates the
choroidal blood flow, there might be a correlation
between measures of autonomic function and the
occurrence of CSCR. In experimental studies in monkeys,
findings resembling CSCR were produced by repeated
intravenous administration of adrenaline.*? In addition,
exogenous corticosteroid use or elevated endogenous
corticosteroid levels (eg, Cushing syndrome) have been
found to be significant risk factors for CSCR.* Moreover,
a case report showing improvement of CSCR following
MR antagonist eplerenone administration has been
published.*

The present results indicate that all melatonin-treated
patients showed a reduction in CMT and that mean
pretreatment logMAR BCVA improved from 0.29 to 0.12
at 1-month follow-up, even when it is well known that
still after complete resolution of SRF, BCVA does not
improve in some patients because of previous damage at
the RPE inner and outer segment photoreceptor level,
alterations that were present in some of our patients.
Although the natural course of CSCR is mostly of
spontaneous resolution, it should be noted that no
changes on VA or CMT were observed in the control
group, that the clinical conditions of our patients were
stable for months/years before being included in these
case series, that melatonin-treated patients yet improved
even at 1 week of treatment with melatonin (data not
shown), and that this improvement continued through
week 4.

When attempting new therapies for CSCR, physicians
usually include patients without prior treatments.*>#¢ In
contrast, in our study, only one patient was naive of
medical care, whereas the rest of the patients failed to
respond to other treatment modalities before being
included in this trial. Three of our patients had a past
medical history of IVB, and patient no. 7 had a previous



laser treatment. Notably, in the melatonin-treated group,
we did not notice a high recurrence rate as reported with
other handling modalities.*” As already mentioned, one
of the patients had a new reactivation after 5 months,
and we treated her with melatonin without achieving
improvement on her BCVA or a reduction on CMT in this
second opportunity, and hence a new attempt was to
carry on doubling the dose. With 18 mg/day, she
achieved a complete resolution of the pigment epithelium
detachment (PED) and 20/20 vision (data not show). This
patient is still using melatonin at a lower dose, once a day,
at her own discretion, and she has been disease free for 2
years. This result could suggest that higher doses should
be considered particularly in those cases unresponsive to
lower doses. In this vein, Nordlund et al*® have shown
that high doses of melatonin (ie, 1 g per day for 30 days)
show no evidence of eye, liver, kidneys, or bone marrow
toxicity.

Current data remain incapable of addressing how
melatonin acts to benefit CSCR patients. It is well known
that VEGF contribute to the breakdown of the blood-
retinal barrier (BRB) and subsequent macular edema in
various retinal pathologies. We have previously shown
that melatonin decreases retinal levels of VEGF in an
experimental model of type II diabetes in rats.!®
Moreover, we showed that melatonin significantly
attenuates biochemical, clinical, histological,
ultrastructural, and functional alterations induced by
experimental uveitis, and it preserves the BRB integrity.*
As already mentioned, glucocorticoids induce and
aggravate CSCR. The antagonism exerted by melatonin
on the glucocorticoid response has been well established.
In fact, it was shown that the inhibitory effect on
glucocorticoid actions is involved in melatonin
modulation of the immune system.” Although the
molecular mechanisms regarding the antagonism
between melatonin and glucocorticoids are still unclear, it
was shown that melatonin inhibits glucocorticoid
receptor mRNA expression® and modulates
glucocorticoids receptor ligand interaction.>
Furthermore, we have demonstrated that melatonin
inhibits apoptosis of rat thymocytes induced by
glucocorticoid.'®

Melatonin and its metabolites have a potent protective
action against oxidative stress in neurons through direct
and indirect mechanisms. In retina, this antioxidant
activity is achieved by its ability to scavenge light-
induced free radicals, reducing lipid peroxidation,
increasing the activity of antioxidant enzymes, and
inhibiting the nitridergic pathway.'37 Moreover,
melatonin has a protective effect on the RPE against
oxidative damage. Based on these lines of evidence, it
seems likely that melatonin can behave as an antioxidant,
anti-inflammatory, anti-VEGF, and antiglucocorticoid
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therapy, among other mechanisms, in the context of
CSCR. In addition, melatonin might decrease
norepinephrine plasmatic levels, as previously
described,?? or it may have antiadrenergic effects through
the choroid-melatonin receptor.>

One of the limitations of this study is the relatively
small number of patients; however, the prevalence of
CSCR has been estimated as low as 5.8 per 100 000
population, with chronic CSCR reported to be as
infrequent as 5% of those cases, making very difficult to
obtain larger recruitment groups. Another limitation of
this study is the difficulty in obtaining reliable data about
previous episodes of the patient’s disease as most of them
cannot recall the prior events with precision.
Notwithstanding, as the administration of melatonin is
easy, cheap, safe (even at high doses), and may benefit
patients with chronic CSCR, decreasing the rate of other
therapy-induced complications, the therapeutic use of
melatonin for CSCR is particularly worthy of further
examination.

Summary

What was known before

® Several lines of evidence support the notion that melatonin
could be a potential tool in the treatment of eye diseases,
such as glaucoma, uveitis, and age-related macular
degeneration (AMD), because of its multiple beneficial
properties over photoreceptors and retinal pigment
epithelium (RPE) cells, and lack of significant adverse
effects, even at high doses.

What this study adds
® In patients with refractory central serous
chorioretinopathy, melatonin (3 mg/day t.i.d.)
significantly improved BCVA and CMT at 1 month of
treatment, without significant drug-related side effects at
1-year follow-up.
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Only one answer is correct for each question. Once you
successfully answer all post-test questions you will be able to
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1.  Your patient is a 48-year-old man with central serous
chorioretinopathy (CSCR). According to the case series
by Gramajo and colleagues, which of the following
statements about the efficacy of melatonin for the
treatment of CSCR in terms of change in best-corrected
visual acuity (BCVA) is correct?

A At 1-month follow-up, BCVA significantly improved in
approximately half of patients treated with melatonin

B Mean BCVA in the control group improved significantly

C  In the melatonin group, mean pretreatment logMAR
BCVA improved from 0.29 at baseline to 0.12 at 1-month
follow-up

D  Mean improvement in LogMAR BCVA in the melatonin
group was not statistically significant

2. According to the case series by Gramajo and collea-
gues, which of the following statements about the
efficacy of melatonin for the treatment of CSCR in
terms of change in central macular thickness (CMT) is
correct?

A Three-quarters of melatonin-treated patients had
significant reduction of CMT from baseline

B Of 8 patients treated with melatonin, 3 (37.5%)
experienced complete resolution of subretinal fluid

C  Half of control-treated patients had significant reduction
of CMT from baseline

D  The average difference between the initial and
final CMT when comparing melatonin-treated
patients with control participants was not statistically
significant
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print the AMA PRA CME credit certificate and present it to

your national medical association for review.

3.  According to the case series by Gramajo and collea-
gues, which of the following statements about adverse
effects observed with melatonin compared with those
reported for other treatments of CSCR would most
likely be correct?

A Most patients receiving melatonin had persistent
sleepiness

B One-quarter of patients receiving melatonin experienced
significant drug-related adverse effects at 1-year
follow-up

C  Adverse effects of focal laser photocoagulation therapy
may include a permanent scotoma and the development
of choroidal neovascular membranes

D  No ocular adverse effects are reported with photo-
dynamic therapy
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