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INTRODUCTION
Diabetic retinopathy is a microangiopathy which leads 

to abnormal macular structure and damage of photorecep-
tors as a consequence of leakage from microaneurysms and 
damaged blood vessels and accumulation of fluid in the ex-
tracellular space of the outer and inner nuclear layer of the 
retina. The most common vision-threatening complication 
of diabetic retinopathy is diabetic macular edema (DME) 
[1-3], which may affect as many as one fourth of diabetic 
eyes [4]. The results of statistical analyses suggest that the 
number of diabetic patients increases each year. Therefore 
DME may become a significant public health problem, es-
pecially in developed countries, where diabetes usually af-
fects working-age patients. The treatment options for DME 
include focal and grid laser photocoagulation, intravitreal 
steroids or anti-VEGF injections, and vitrectomy. At present 
anti-VEGF injections are the gold standard treatment for 
clinically significant DME, but recently a new treatment op-
tion for mild to moderate DME has appeared – micropulse 
laser therapy (MPLT). Study results have shown that MPLT 

increases or stabilizes visual acuity and reduces macular 
thickness without creating clinically visible retinal damage 
due to reduced laser exposure duration [5-7]. It is known 
that MPLT targets the retinal pigment epithelium (RPE), 
but the exact mechanism of its action is still not completely 
understood. It could be promotion of changes in the expres-
sion of cytokines [8, 9], repair of the inner blood retinal bar-
rier [10], activation of heat shock protein and mitochondrial 
respiratory chain, and initiation of cellular signaling [11-
13], leading to repair and improvement of RPE function. 
Most studies evaluate the effectiveness of MPLT with the aid 
of visual acuity (VA), which indirectly provides information 
about foveal function, and optical coherence tomography 
(OCT), which reveals only structural changes of the macula. 
To ensure comprehensive and objective information about 
macular function in the course of DME treatment, the mul-
tifocal electroretinogram (mfERG) may be applied. It eval-
uates the function of bipolar cells and cone photoreceptors 
(the middle and outer layers of the retina) from the central 
50-60 degree field of vision with the possibility of isolation 
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of foveal and parafoveal function. Visual acuity corresponds 
to only 1 degree field of vision, and as a subjective meth-
od of assessing macular function it may vary depending on 
blood glucose levels [14]. Therefore, we decided to perform 
multifocal electroretinogram (mfERG), additionally to VA 
and OCT for macular function evaluation before and after 
MPLT. In the PubMed database we have found only 1 study 
describing mfERG recordings in DME eyes treated with 
MPLT [15], and its results showed no statistically significant 
improvement of mean values of P1 implicit times. The aim 
of the present study was to provide additional information 
about MPLT effectiveness. 

MATERIAL AND METHODS 
Twenty-one eyes of 18 patients (11 males, 7 females) aged 

60.8 ±7.7 years with center-involving DME of non-prolifer-
ative diabetic retinopathy in type 2 diabetes mellitus were 
treated twice with micropulse laser therapy – at the baseline 
and 3 months after. Inclusion criteria were as follows: age 
above 18 years, distance best corrected visual acuity (DB-
CVA) logMAR in range 0.7-0.0, HbA1c level below 8 mg%, 
diabetic diffuse macular edema with central foveal involve-
ment in the OCT, central retinal thickness less than 400 µm, 
deterioration of visual acuity due to DME with no other 
apparent cause, anti-VEGF intravitreal therapy has been 
postponed for at least 6 months. Exclusion criteria were as 
follows: proliferative retinopathy, uncontrolled hypertension, 
previous focal/grid laser treatment in macular region, intra-
ocular injection of steroid or anti-VEGF within 3 months. 
The micropulse laser therapy (MPLT) was performed with 
a yellow SUPRA 577 laser, operating mode 5% and power 
according to titration, but not exceeding 350 mW. The scope 
of laser therapy covered the entire area of retinal edema with 
a small margin of retina adjacent to the edema (the num-
ber of impacts ranged between 400 to 975). Before the first 
MPLT, after 6 weeks, as well as 3 and 6 months, the following 
examinations were performed: assessment of DBCVA (ET-
DRS, log MAR), slit lamp examination of the anterior and 
posterior segment of the eye (Volk 90D lens), assessment of 
macular thickness (Spectralis OCT, Heidelberg Engineering), 
as well as evaluation of the macular function – mfERG (Ro-
land Consult). All mfERG parameters were consistent with 
the current International Society for Clinical Electrophysi-
ology of Vision (ISCEV) Standards with the exception of 60° 
instead of 50° field of vision stimulation [16]. 

Multifocal electroretinogram 
The examination was performed after maximal dilation 

(> 6 mm) of the pupil with 10% phenylephrine. The active 
DTL thread electrode was positioned in contact with the 
cornea, the reference gold disc electrode was placed on the 
skin near the ipsilateral outer canthus and the ground gold 
disc electrode was placed on the forehead at Fpz. During the 
examination, monocular stimulation, central fixation and ap-
propriate optical correction for a distance of 30 cm from the 
surface of the stimulating monitor were used. The stimulus 

and system parameters were as follows: a black and white ma-
trix of 103 scaled hexagons displayed in the 60° field of vision, 
luminance for white elements of 100 cd/m2, the contrast be-
tween black and white hexagons of 97%, amplifiers sensitivity 
of 20 µV/div, filters of 10-300 Hz, notch filters off, plots time 
of 83 ms, artifact reject threshold of 8% (for the amplifiers 
range ±100 µV), electrode impedance below 5 kΩ. Six cy-
cles were averaged off-line including digital smoothing (2×), 
software reduction of line interference and manual correc-
tion, if necessary, applied to the automatic cursor placement. 
The analysis included response density and peak time of the 
P1-wave in ring 1 (R1) and ring 2 (R2), which correspond 
to the foveal and parafoveal retinal area, respectively. The 
mfERG stimuli location and anatomic area of R1 (0.0-2.3°) 
corresponded roughly to the fovea and of R2 (2.3-7.4°) to the 
parafovea and partially to the perifovea.

Informed written consent was given by all subjects partici-
pating in this study. The Ethics Committee of the Pomeranian 
Medical University approved the project.

The Shapiro-Wilk test was used to evaluate the normality 
of distribution of analyzed parameters. Changes in param-
eter values at four time points (baseline, 6 weeks, 3 months 
and 6 months) were analyzed using the ANOVA test in the 
case of normal distribution, or the Friedman ANOVA test 
in the absence of normal distribution. The p-value < 0.05 
was considered as significant. The comparison of parameters 
between the two subgroups (central foveal thickness [CFT] 
above 300 µm and below 300 µm) was performed using Stu-
dent’s t-test for the normal or the Mann-Whitney U test for 
non-normally distributed data. The results were considered 
statistically significant at p < 0.05. Data are presented as mean 
± standard deviation (SD).

RESULTS
Distance best corrected visual acuity
The mean DBCVA at the baseline was 0.17 ±0.18 (log 

MAR scale) and did not improve significantly after 6 weeks 
(0.15 ±0.18) or after 3 months (0.18 ±0.19) or 6 months (0.14 
±0.18) of follow-up (p = 0.124). The results of DBCVA exam-
inations are presented in Figure 1. 

Optical coherence tomography
There was no statistically significant reduction of fove-

al and parafoveal thickness during the observation period. 
At the baseline mean CFT in OCT was 320.6 ±65.8 µm and 
slightly increased to 327.4 ±70.3 µm at 6 weeks and then to 
345.5 ±79.9µm in the 3rd month. At the 6th month and after 
the second micropulse laser therapy CFT slightly decreased 
compared to the 3rd month but the result (328.6 ±94.7 µm) 
still remained statistically insignificant in comparison to 
all previous results (p = 0.578). The results of the parafove-
al thickness were changing similarly to CFT – the baseline: 
366.5 ±30.0 µm, 6th week: 370.3 ±34.3 µm, 3rd month: 372.0 
±34.3 µm, 6th month: 364.2±44.4 µm (p = 0.377). The results 
of foveal and parafoveal thickness during 6-month follow-up 
are presented in Figure 2. 
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Multifocal electroretinogram
At the baseline the mean P1-response density in R1 was 

46.2 ±28.4 nV/deg², which was below our laboratory nor-
mal values (62.27-130.89 nV/deg²). During the follow-up 
P1 did not differ statistically significantly and had the fol-
lowing values: 6th week: 43.9 ±21.1 nV/deg², 3rd month: 49.3 
±28.4 nV/deg², 6th month: 40.1 ±25.5 nV/deg² (p = 0.442). 
The mean P1-response density in R2 at the baseline was 20.0 
±11.4 nV/deg², which was also below our laboratory norms 
(32.01-72.24 nV/deg²), and like the P1-response density in 
R1 it did not change statistically significantly during the fol-
low-up period (6th week: 25.9 ±12.2 nV/deg², 3rd month: 22.6 
±11.7 nV/deg², 6th month: 25.5 ±10.4 nV/deg², p = 0.146). The 
mean P1 implicit time in R1 and R2 was within normal limits 
of our laboratory (R1 36.8-46.38 ms; R2 31.75-40.94 ms) and 
also remained stable during the whole follow-up period as 
follows: R1 baseline: 44.0 ±3.9 ms, 6th week: 43.7 ±5.9 ms, 3rd 
month: 43.5 ±4.7 ms, 6th month: 44.5 ± 6.0 ms (p = 0.972); R2 
baseline: 39.8 ±4.1 ms, 6th week: 38.9 ±2.7 ms, 3rd month: 40.0 
±4.5 ms, 6th month: 39.1 ± 5.4 ms (p = 0.996). However, even 
though the mean P1 implicit time in R1 and R2 was normal, 
in some patients P1 implicit time was visibly delayed at the 
baseline and during follow-up, indicating persistent dysfunc-
tion of the cone system in the macular region. The results of 
the mfERG are summarized in Figures 3 and 4. An example 
of a diabetic patient’s eye treated with MPLT during 6-month 
follow-up is shown in Figure 5. 

Based on the result of Citirik et al. [17] that patients with 
initial macular thickness of 300 µm or less respond better to 
MPLT, patients in our study were divided into two groups 
upon their initial CFT. Group 1 was composed of patients 
with CFT below 300 µm (8 eyes), while Group 2 was com-
posed of patients with CFT ≥ 300 µm (13 eyes). It was not 
observed that either of groups achieved a greater reduction 
in macular thickness (OCT) or a more pronounced improve-
ment in function (VA, mfERG). The results of this compari-
son are summarized in Table I.

Figure 1. The results of DBCVA in center-involving DME treated with MLPT during 
6 month follow-up. All results are statistically insignificant (p > 0.05) in compari-
son to the baseline and previous follow up examination

Figure 2. The results of foveal (CFT) and parafoveal (PFT) thickness in center-
involving DME treated with MLPT during 6 month follow-up. All results are 
statistically insignificant (p > 0.05) in comparison to the baseline and previous 
follow up examination

Figure 3. The results of the mean mfERG P1-response density in R1 and R2 in 
center-involving DME treated with MLPT during 6 month follow-up. All results 
are statistically insignificant (p > 0.05) in comparison to the baseline and previ-
ous follow up examination

Figure 4. The results of the mean mfERG P1-implicit time in R1 and R2 in cen-
ter-involving DME treated with MLPT during 6 month follow-up. All results are 
statistically insignificant (p > 0.05) in comparison to the baseline and previous 
follow up examination
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Table I. Comparison of changes of the mean CFT, PFT, VA and P1-response density in groups obtained at the basis of initial CFT ≤ 300 µm (Group 1) and > 300 µm 
(Group 2)

Baseline 6 weeks 3 months 6 months

CFT 
(µm)

PFT 
(µm) 

VA 
(logMAR)

P1 R1 
(µV)

P1 R2 
(µV)

ΔCFT ΔPFT ΔVA
ΔP1 
R1

ΔP1 
R2

ΔCFT ΔPFT ΔVA
ΔP1 
R1

ΔP1 
R2

ΔCFT ΔPFT ΔVA
ΔP1 
R1

ΔP1 
R2

Group 1 
(8 eyes)

265.0 347.6 0.22 31.4 16.7 22.7 4.5 -0.01 7.0 9.7 15.9 5.9 -0.02 5.5 3.9 3.9 -10.6 -0.05 5.1 10.0

Group 2 
(12 eyes)

360.3 378.1 0.14 55.7 22.2 -5.4 3.4 -0.02 -8.3 3.4 19.7 5.4 0.03 1.2 1.5 6,3 3.4 -0.02 -13.5 1.9

Δ – difference in comparison to the baseline; CFT – central retinal thickness; PFT – parafoveal macular thickness; P1 R1 – mfERG P1-response density in ring 1; P1 R2 – mfERG P1-response density in ring 2. All results obtained 
during the follow up were statistically insignificant (p > 0.05)

Figure 5. The example of diabetic patient’s eye treated with MPLT during 6-month follow up – the stable foveal structure (OCT) and function (mfERG) are visable
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DISCUSSION
In the present study, for the first time we provide objective 

data for stabilization of bioelectrical function of the retina 
treated with MPLT and also emphasize the positive role of 
this type of treatment in center-involved DME. The results 
of previous studies revealed that 577 nm MPLT is effective in 
stabilizing/increasing DBCVA and stabilizing/reducing reti-
nal thickness in center-involving DME. Vujosevic et al. [18] 
investigated 26 eyes with center-involving DME and found 
stabilization of BCVA but a significant reduction of mean 
CFT from 357.8 ±46.1 µV to 339.9±55.7 µV (p = 0.009) in 
6-month follow-up. Similar results with respect to DBCVA 
and CFT were obtained by Masafumi et al. [19] and Inagaki 
et al. [20]. On the other hand, Kwon et al. [21] showed that 
MPLT significantly improved DBCVA, but not reduction of 
CFT. However, in the abovementioned study the analyzed 
end-point varied from 6 to 14 months and laser sessions dif-
fered between individuals. In a recent study, Citirik [17] strat-
ified patients into four groups according to baseline CFT and 
observed statistically significant CFT reduction and visual 
gain at 2 months in patients with CFT of 300 µm or less. Re-
sults from our patients obtained at 6-week follow-up revealed 
slight improvement of DBCVA in both groups and slight re-
duction of retinal thickness in the group with CFT > 300 µm, 
but not in the CFT ≤ 300 µm group, which gained thickness. 
Moreover, at the 3rd month follow-up there was a similar in-
crease of CFT in both groups in comparison to the baseline, 
and the CFT > 300 µm group lost the initial DBCVA improve-
ment. However, all mentioned changes were statistically in-
significant (p > 0.05). The mfERG results also revealed no 
improvement in MPLT patients. To date, we have found only 

one study in the literature [15] which has evaluated functional 
effects of MPLT with electrophysiological examinations. Al-
though Venkatehs et al. [15] focused on comparison between 
MPLT and Nd:YAG laser treatment, it can be observed that 
mean P1 implicit time changed insignificantly from 46.27 
±4.9 ms at the baseline to 44.57 ±2.9 ms at the 3rd month and 
45.27 ±3.4 ms at the 6th month follow-up in MPLT patients 
(p = 0.23), which is consistent with our results. 

There are limitations to our present study. Firstly, the 
number of patients in the study was relatively small, and some 
subjects had two eyes enrolled in the study while others had 
one. However, the same results are obtainable using 1 eye for 
each subject. Secondly, HbA1c was determined only at the 
baseline. It is known that systemic regulation of diabetes mel-
litus may affect the treatment response to MPLT. 

CONCLUSIONS
In conclusion, according to ETDRS Report Number 9 [22] 

the risk of moderate visual loss (15 or more letters logMAR) 
in diabetic patients with untreated DME is 3.8% in 4 months 
and 8.6% in 1 year. In the present study, after MPLT no dete-
rioration of visual acuity of 15 or more letters was observed 
during 6 months of follow-up, and for the first time we re-
ported stabilization of bioelectrical function of bipolar cells 
and cones. Therefore, the usefulness of MPLT in treatment of 
center-involved DME seems to be limited to stabilization of 
visual function and macular structure.
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