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SUMMARY

Introduction: Diabetic macular edema (DME) is the most frequent cause of decreased vi-
sion in patiens with diabetes type 2. DME is caused by increased permeability of macular
capillaries. The aim of our study was to retrospectively evaluate the results of micropulse
laser treatment, 577 nm wavelength, in pacients with DME with follow-up three months
and one year.

Methods: The retrospective trial with one year follow-up includes 63 eyes of 37 patients with
diabetic macular edema treated from September 2015 to January 2017. Most patients had
diabetes type 2 (34 patients), 3 patients had diabetes type 1. Diffuse DME was diagnosed in
54 eyes, focal DME in 9 eyes. Most of the patients (42 eyes) suffered from non proliferative
diabetic retinopathy, 21 eyes showed signs of proliferative retinopathy. DME lasted on aver-
age for 29 months before initiating with micropulse laser (median 21 months).

On average 1,56 laser visits were needed for the treatment of 1 eye, usually in 3 months in-
terval. Photocoagulation of macula was performed in all patients by micropulse laser, 577 nm
wavelenght/IQ 577TM IRIDEX). We used 5 % duty cycle. The average glycated hemoglobin
in the group was 66,8 mmol/mol, maximal 100 mmol/mol. Estimated data were statistically
evaluated by Friedman and Dunn’s test.

Results: At the end of 1 year period we found out improvement in BCVA (increase of at least 5
letters of ETDRS charts) in 20 eyes, 25 eyes showed stabilisation of BCVA (alltogether 71 % of
the group), in 18 eyes we found out decrease of BCVA of more than 5 letters of ETDRS charts.
On average we estimated decrease of visual acuity from 62 to 61,1 letters (p > 0,05). After
one year we estimated 63 um CRT decrease on average, from 442 um to 379 um (p=0,0124).
Conclusion: In our group of DME patiens treated by micropulse laser we have estimated
BCVA stabilisation and signifiant improvement of macular edema in % eyes, confirmed by
OCT. We have estimated clinically significant decrease of macular edema in the whole group
with one-year follow-up.
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in the permeability of the vascular wall [1].

Laser treatment of the retina in the case of DME has been

Diabetic macular edema (DME) is the most common cau-
se of loss of sight in persons aged younger than 60 years in
developed countries [6]. The incidence and prevalence of
diabetes mellitus (DM) is increasing worldwide [5]. Chro-
nic hyperglycaemia leads to the creation and accumulation
of advanced end products of glycation, the formation of
microaneurysms, alteration of the blood-retinal barrier, loss
of pericytes and obstruction of the flow of blood through
capillaries. This all causes ischaemia of the retina and an
increase in the generation of angiogenic factors, e.g. vas-
cular endothelial growth factor (VEGF), which among other
factors increases the permeability of capillaries. An impor-
tant role is also played by inflammation; as a result of the
action of prostaglandins and inflammatory mediators, leu-
kostasis occurs in capillaries and there is a further increase
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the gold standard of treatment in the last 30 years. The im-
portance of laser treatment of the retina consists rather in
the stabilisation of retinopathy and avoidance of blindness.
Improvement of central visual acuity following photocoagu-
lation treatment is not the rule, and in the case of diffuse
edema it is rather a rare occurrence (2). At present procedu-
res are known which more effectively improve central visual
acuity (application of corticosteroids and anti-VEGF prepa-
rations intravitreally), but these are not available to all pati-
ents due to the indication restrictions on payment valid for
the Czech Republic. Treatment with VEGF blockers is paid for
in the case that the current value of glycated haemoglobin is
no older than 3 months and is lower than 70.0 mmol/mol.
The recommended level of total cholesterol is lower than
4.8 mmol/I. The exclusion criteria for the commencement
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of treatment are condition following ictus, blood pressure
higher than 140/90 mmHg, level of serum creatinine higher
than 180 pumol/l and advanced complications of the prolife-
rative form of diabetic retinopathy. Treatment is restricted
to one eye and may be commenced in patients who suffer
from DME that is a cause of deterioration of vision within
the range of 6/12 — 6/30 in the case of affliction of the worse
seeing eye. In the case of affliction of the only seeing eye it is
possible to commence treatment in the case of visual acuity
of 6/12 — 6/48. The period of duration of DME should be
maximally two years, and central retinal thickness (CRT) 300
um or more according to OCT.

The therapeutic effect of laser photocoagulation on DME
was first documented in the Early Treatment of Diabetic
Retinopathy Study (ETDRS) in 1979. This study incorpora-
ted 754 eyes with DME and mild to medium diabetic reti-
nopathy. The treatment was most effective in eyes with cli-
nically significant macular edema (CSME) [3].

The micropulse laser represents a new modality in the
treatment of retinal vascular pathologies. It acts as a pho-
to-stimulating agent on the chromophores in the layer of
the retinal pigment epithelium. Instead of photo-destructi-
on the cells are stimulated, iatrogenic collateral damage to
the retina does not occur and there is no formation of ci-
catricial changes, it does not damage the photoreceptors or
the choroid (9). Micropulse laser treatment can be repeated
in areas of the retina that have already been treated. The
continual laser beam is divided into several short, repea-
ting low-energy pulses, separated by pauses, which enables
cooling of the tissue between the laser pulses and enables
the use of lower energy per one pulse. The micropulse laser
can also be used as supplementary treatment together with
other therapeutic options [9]. The clinical results are similar
in comparison with conventional laser coagulation of the
retina [10].

Aim: The aim of our observation was to evaluate the
effectiveness of treatment with micropulse laser in patients
with DME.

METHOD AND PATIENTS

The retrospective study with an observation period of 1
year following treatment incorporates 63 eyes of 37 pati-
ents with DME, treated in the period from September 2015
to January 2017. Patients with type 2 DM predominated
within the cohort (34 patients), type 1 DM was represented
in 3 patients. Diffuse DME was diagnosed in 54 eyes, focal
DME in 9 eyes. Prior treatment was as follows: conventional

Table 1: BCVA and CRT parameters in the whole group of patients
treated by micropulse laser

BCVA (number of CRT
letters of ETDRS (1m)
charts)
Initial para- 62,0 442
meters

EE s:: >005 418  >0,05
12months  [ZR! >005 379 0012

laser coagulation of the retina (60 eyes, 95%), which was
terminated at the latest 3 months before the commence-
ment of treatment with micropulse laser. Before treatment
with micropulse laser some patients (34 eyes) had been
treated with other modalities, namely intravitreal appli-
cations of anti-VEGF preparations (7 eyes), applications of
triamcinolone (2 eyes) and pars plana vitrectomy (PPV) in
25 eyes. The majority (42 eyes) had non-proliferative form
of diabetic retinopathy, 21 eyes manifested signs of proli-
ferative diabetic retinopathy. The average length of durati-
on of DME in the entire cohort was 29 months (median 21
months). The cohort includes patients who had not respon-
ded to other therapy (treatment with anti-VEGF preparati-
ons, treatment with triamcinolone, PPV), as well as patients
who did not meet the indication criteria for payment of
treatment of DME with anti-VEGF preparations valid for the
Czech Republic.

Within the cohort, BCVA was evaluated on ETDRS opto-
types, and CRT on OCT (Cirrus HD OCT, Zeiss) both before
laser treatment, as well as 3 and 12 months afterwards. At
each visit an examination of intraocular tension was perfor-
med with the aid of noncontact tonometry, and an exami-
nation of the anterior segment of the eye was conducted
on a slit lamp. The posterior ocular segment was examined
biomicroscopically, and photography of the ocular fundus
was performed on a fundus camera (FF 450 + IR, Zeiss) at
each visit.

On average 1.56 laser sessions were required for the tre-
atment of 1 eye, as a rule the patients were monitored at
3 monthly intervals. In all patients photocoagulation of the
macula was performed using a micropulse laser with a wa-
velength of 577 nm (IQ 577TM IRIDEX). A 5% micropulse
duty cycle mode of the laser beam was used. This means
that upon a total exposure of 200 ms, the active dose of the
laser was divided into 100 micropulses, with a total length
of 5%, therefore 10 ms. Each micropulse lasted 2.0 ms, in
which the laser was switched on for 0.1 ms and off for 1,9
ms. The titration of energy was performed in the healthy re-
tina close to the edematous retina. The energy was progre-
ssively increased up to the level where the beam was visible
on the retina. Then micropulse mode was set, exposure of
200 ms and energy of 30-50% titrated energy. Beams with
a size of 160 um were applied confluently. Micropulse tre-
atment was always applied according to the OCT map.

During observation, laser photocoagulation of the central
periphery or in supplementing panretinal photocoagulation
continued in 18 eyes, in 3 eyes application of anti-VEGF pre-
paration was performed, and 3 eyes underwent PPV.

Table 2: BCVA and CRT parameters in the subgroup of eyes treated only by
conventional laser photocoagulation before micropulse laser treatment

BCVA (number of CRT
letters of ETDRS (um)
charts)

meters
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The obtained data in the cohort was statistically proce-
ssed with the aid of a Friedman and Dunn's test. During the
course of observation of the patients we also determined
any applicable adverse effects of laser treatment.

RESULTS

In the entire cohort of 63 eyes, initial average BCVA was
62 letters, in 14 eyes (22%) BCVA was worse than 50 letters
and in 5 eyes (8%) BCVA was worse than 40 letters. Average
initial CRT was 442 pm and in 18 eyes (29%) we measured
initial CRT of more than 500 um. In 4 eyes high DME was de-
termined at the beginning of observation, with CRT of more
than 800 um (6.4%) of cohort.

The development of BCVA and CRT in the entire cohort
is illustrated in table 1. At the follow-up after three months
we documented an improvement of BCVA (gain of at least 5
letters of ETDRS optotypes) in 12 eyes (19% of cohort), sta-
bilisation of BCVA (gain of + 4 letters of ETDRS optotypes) in

Fig. 1: Initial fundus photogra-
phy of right eye: stable retinal
periphery after panretinal laser
photocoagulation, with macular
edema.

Fig. 2: Initial fundus photography
of left eye: edema in the central
area, several microaneurysms
and intraretinal haemorrhages,
spots after partial panretinal
photocoagulation.
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26 eyes (41%) and in 25 eyes (40%) there was a decrease of
BCVA (decrease by more than 5 letters of ETDRS optotypes).
There was a reduction of CRT in 38 eyes (60%), in 25 eyes
(40%) macular edema was not reduced.

At the end of the one-year observation period we de-
termined an improvement of BCVA by at least 5 letters of
ETDRS optotypes in 20 eyes and stabilisation in 25 eyes (45
eyes, 71% of cohort), in 18 eyes (29% of cohort) there was
a decrease of BCVA by more than 5 letters of ETDRS optoty-
pes. We documented a reduction of CRT in 44 eyes (70%), in
19 eyes (30%) macular edema was not reduced.

The average value of glycated haemoglobin (HbAlc) in
the cohort was 66.8 mmol/mol, max. value 100 mmol/mol.
According to requirement the laser was supplemented, on
average during the course of one year 1.56 sessions were
applied for the treatment of one eye, as a rule at an interval
of 3 months.

The development of BCVA and CRT in the subgroup of
eyes which before treatment with micropulse laser had
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been treated only with conventional laser coagulation of
the retina (21 eyes, 33% of cohort) is illustrated in table 2.
At the end of the three-month observation period we do-
cumented a gain of at least 5 letters of ETDRS optotypes in
3 eyes (14.3% of cohort), stabilisation of BCVA in 11 eyes
(52.4%) and in 7 eyes (33.3%) there was a deterioration of
vision by more than 5 letters of ETDRS optotypes. We de-
termined a reduction of CRT in 11 eyes (52%), in 10 eyes
edema was not reduced (48%). At the end of the one-year
observation period we recorded an improvement of BCVA
by at least 5 letters of ETDRS optotypes in 6 eyes (29%), in
10 eyes stabilisation of vision was achieved (48%) and in 5
eyes BCVA deteriorated by more than 5 letters (23%). We
determined a reduction of CRT in 16 eyes (76%), in 5 eyes
(24%) macular edema was not reduced. The average value
of HbA1c in this group was 66.4 mmol/mol, and the average
duration of DME was 24.1 months (median 12 months). In
this group an average of 1.65 laser treatments of the retina
were applied per 1 eye.

Case report

The patient was a 52 year old man with type 2 diabetes
on insulin therapy since 1998, after amputation of the ri-
ght lower limb due to chronic extensive defects in diabe-
tic neuropathy, on dialysis due to terminal stage of diabe-
tic nephropathy with massive proteinuria. In 2009 he had
suffered myocardial infarction. The patient was observed
for ischaemic heart disease, ischaemic disease of the lower
limbs, arterial hypertension and congestive heart failure. In
2009 he had suffered from sepsis following an extensive ab-
scess in the gluteal region and phlegmona of the thigh. At
the beginning of 2016 glycated haemoglobin was 84 mmol/
mol.

DME was diagnosed in both eyes in 2007, in both eyes
there were signs of medium advanced non-proliferative
diabetic retinopathy (fig. 1, 2). The patient attended exami-
nations regularly, panretinal photocoagulation and photo-
coagulation of the centre of the retina were progressively
performed in both eyes. In the right eye we determined
progression of a cataract during the course of our observa-
tion. In this eye the patient underwent uncomplicated pha-
coemulsification with implantation of an IOL. Treatment of
the centre of the retina by micropulse laser was performed

twice in both eyes. Initial BCVA in the right eye was 20/63
and CRT 495 um (fig. 3), after 6 months 20/40 and CRT 266
um (fig. 4). In the left eye initial BCVA was 20/40 and CRT
395 um (fig. 5), after 6 months BCVA remained at 20/40 and
CRT was reduced to 284 um (fig. 6). There was a substan-
tial reduction of macular edema and a disappearance of the
majority of the neuroretinal cyst in the macular landscape
of both eyes. Following repeated laser treatment of the cen-
tral landscape of the retina by micropulse laser we demon-
strated an anatomical and functional improvement in a po-
lymorbid, poorly compensated diabetic patient who did not
meet the indication restrictions for payment of application
of anti-VEGF (DME diagnosed in 2007). However, after one
year in February 2017 we again observed a growth of cy-
stoid macular edema in both eyes. BCVA in the right eye was
20/63 and CRT 384 um, in the left eye BCVA was 20/40 and
CRT 484 um. We shall continue to treat the patient further
with micropulse laser.

DISCUSSION

In this study we are focusing on the results of the use of
a micropulse laser with a wavelength of 577 nm on patients
with DME. Some studies that have evaluated the effect of a
micropulse laser on DME have pointed to the fact that diode
and conventional argon lasers are equally effective (9, 11).
Yellow light with a wavelength of 577 nm is suitable for use
in the treatment of macular pathologies, because it is well
absorbed by melanin and haemoglobin, but only minimally
by macular xanthophylls. Although no study has documen-
ted a clinically significant difference in the results in relati-
on to the used wavelength of the laser, a yellow laser has
certain advantages. It is better absorbed by melanin than a
laser with a wavelength of 810 nm. Therefore, the micropul-
se laser has a better effect on the cells of the RPE. A further
advantage is that it causes smaller dispersion than a laser
with a wavelength of 532 nm. As a result, energy can be con-
centrated into a small volume, which enables the reduction
of energy and a shortening of the pulse duration [11].

Lavinsky et al. in their study, which in the characteristics of
the patients corresponds to our cohort of patients, treated
only with conventional laser photocoagulation, compared
treatment of the centre of the retina by beams with a nor-

Fig. 3: OCT image of right eye before micropulse laser treatment:
cystoid macular edema, CRT 495 pm.
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Fig. 4: OCT image of right eye after micropulse laser treatment of
the central area: decrease of ocular edema, CRT 266 pum.
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mal density and treatment of the retina by confluent beams,
and in both groups documented the best results in patients
with one-year observation. They were of the opinion that
healing and renewal of the retina takes place progressively,
and that improvement of BCVA may in fact precede the re-
duction of CRT (7). In our study we documented an improve-
ment or stabilisation of BCVA in 76% of eyes and a reduction
of CRT in 76% of cases in the subgroup of eyes treated only
by conventional laser coagulation before micropulse thera-
py. It shall be appropriate to continue in the observation in
order to obtain further results.

Our results are consistent with the results of Korean
authors, who documented the results of treatment of DME
with micropulse laser with the same wavelength and eva-
luated a cohort over an average observation period of 7.9
months. We determined a similar effect on the reduction of
CRT, but in our cohort we documented stabilisation of BCVA
at 61.1 letters (deterioration of vision by 0.9 letters) unlike
their cohort, in which an average gain of 5 letters was do-
cumented at the end of the observation period. We explain
these differences primarily with reference to the fact that in
our patients an average of 1.56 laser sessions were perfor-
med per 1 eye, while an average of 3 laser treatments were
applied in the cohort of Korean patients. Further reasons may
be due to the different configuration of the parameters of the
laser (use of laser with 15% duty cycle, beam of 100 um).

The results of our study are similar to the study by Zavor-
kova et al., which also demonstrated a reduction of CRT at
follow-up examinations after 6 and 12 months, with stabili-
sation of BCVA (12). In the compared cohort, in the majority
of patients the technique of laser treatment of the macula
according to the ETDRS study was used, whereas in our co-
hort we used the technique of confluent beams. An average
of 1.56 sessions was required for the attained results in our
cohort, whereas in the previous cohort an average of 3 se-
ssions was used.

According to the recommendation of the laser manu-
facturer, use of a micropulse laser on DME is particularly
effective in patients with mild DME and with good initial
BCVA [4]. In 22% of eyes from the entire cohort, BCVA
was worse than 50 letters, and in 8% of eyes BCVA was
worse than 40 letters. In almost one third (29%) of eyes,
the initial measurement of CRT was more than 500 pum,

and in 6.4% of the cohort high DME was determined at
the beginning of observation, with CRT of more than 800
um. This may explain why an improvement of BCVA was
not attained throughout the entire cohort and why there
was not a more substantial reduction of CRT.

A prospective study by Nakamura et al., focusing on the
results of treatment by micropulse laser and the functional
and morphological changes only 3 months after laser tre-
atment of the centre of the retina, published a statistically
significant anatomical and functional improvement after 3
months. In our cohort we observed a statistically significant
reduction of DME and stabilisation of BCVA after one year of
treatment. A possible reason is the stricter exclusion criteria
of this study, namely PPV and LPC of the retina 6 months or
less before the commencement of micropulse treatment. In
addition a 15% duty cycle mode was used [8].

A further study by Yoon Hyung Kwon et al. focused on
the risk of unexpected chorioretinal damage following tre-
atment by micropulse laser. It was recommended to set the
duration of one pulse at 20 ms, the number of laser beams
at maximum 2000, titration of energy in the place of non-e-
demous retina and use of 50-70% of this energy. It is also
appropriate to use pattern mode, in which several beams
are applied simultaneously, which is more comfortable for
the patient and reduces the risk of non-co-operation on the
part of the patient [11].

CONCLUSION

In our cohort we demonstrated an improvement and sta-
bilisation of BCVA in patients with DME treated with micro-
pulse laser after one-year evaluation in almost % of the total
number of eyes. We achieved a statistically significant redu-
ction of macular edema in all eyes in the observed cohort.

Our cohort represents patients whom we encounter in
regular clinical practice. Before treatment with micropulse
laser a total of 95% of eyes had been treated by another
therapeutic modality (PPV, application of anti-VEGF prepa-
ration, triamcinolone, treatment of retina by conventional
laser). Without subsequent treatment by micropulse laser,
a further deterioration may have occurred as a result of the
progressive character of the pathology.

Treatment by micropulse laser is an effective method,

Fig. 5: OCT image of left eye before micropulse laser treatment:
cystoid macular edema, CRT 395 pum.
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Fig. 6: OCT image of left eye after micropulse laser treatment:
decrease of macular edema, CRT 284 um.
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which is safe upon the correct configuration of the parame-
ters of the laser and suitably selected energy of the laser. Its
main advantage is that no scars form on the retina, thereby
preventing the possible occurrence of scotomas in the visu-

al field. Another advantage of treatment by micropulse laser
is that in the case of insufficient effect we can repeat the
treatment or combine it with other methods of treatment,
e.g. with anti-VEGF therapy.
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