
Abstract

Purpose. To determine the effectiveness and safety of diode
laser, pars plana vitrectomy (PPV) with gas tamponade, and
intravitreal triamcinolone (IVT) as possible treatments for
diffuse diabetic macular edema (dDME).

To determine whether the new macular edema Classifica-
tion previously proposed by some of the authors may help as
a guide in the choice of treatment.

Methods. A retrospective, comparative study of 169 eyes
with dDME that underwent treatment. The eyes were 
divided into 3 groups: in the PPV Group, 59 eyes received
PPV with gas tamponade; in the DIODE Group, 53 eyes
received a laser grid; in the IVT Group, 57 eyes received an
intravitreal injection of 4mg of triamcinolone acetonide. The
follow up ranged from 6 to 24 months. The eyes were clas-
sified according to the new DME Classification based on
OCT.

Main outcomes. Change in foveal thickness as determined 
by Optical Coherence Tomography (OCT); change in visual
acuity; intra and postoperative complications.

Results. Mean visual acuity (VA) improved at 3 months with
every treatment. At one year only eyes which underwent PPV
still had a better VA than the pre-op value, while eyes which
underwent IVT and laser treatment showed regression. PPV
show the greater percentage of eyes which gain 3 or more
lines of VA at one year (17%).

Mean foveal thickness improved at 3 months with every
treatment. Only the eyes into the PPV Group showed rela-
tively low foveal thickness at one year.

Better final VA and foveal thickness were obtained if
preop VA is ≥0.3 and if earlier stages of DME were treated
according to the new DME Classification.

PPV was the treatment which offered the most stable
results with at one year or longer. Similar results were
observed into the PPV Groups as a whole and into a sub-
group of eyes with preoperative PVD.

No complications were encountered with laser diode treat-
ment. Long term complications into the IVT Group were ele-
vated IOP (8%), retinal detachment (3.5%) and posterior
cataract (15%).

Long term complications into the PPV Group were retinal
detachment (3.4%) and cataract (90%).

Conclusions. Diode laser, PPV with gas tamponade and 
IVT are effective alternative treatments to decrease foveal 
thickness and improve visual acuity in eyes with DME.
However while the results of PPV are stable in the long term
follow-up, diode laser and IVT do not offer stable results.
Complications may be severe with PPV and IVT. It is 
necessary to carefully select cases which would benefit 
from these types of treatments. The authors think that the 
OCT Classification may serve as a guide for the choice of
treatment.

Introduction

The major cause of visual loss in patients with diabetic
retinopathy is macular edema (ME).1 The incidence of 
diabetic macular edema (DME) increases with duration of
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diabetes. It is reported to be 14% to 25% depending on the
type of the diabetes.1

Various treatments have been tried to resolve DME.
Medical treatments such as aldose reductase inhibitors

have been attempted but with unsuccessful results.2 Hyper-
baric therapy seems to have a beneficial but temporary 
effect,3 and is not practical at present.

Laser photocoagulation is currently the mainstay of treat-
ment for DME by grid macular photocoagulation. The Early
Treatment Diabetic Retinopathy Study (ETDRS).4 demon-
strated that photocoagulation of DME reduces the risk of
moderate visual loss by 50%. Only 3% of eyes improved
three lines or more of visual acuity (VA) with laser.4 The
visual prognosis after photocoagulation to treat diffuse
macular edema was worse than when it was used to treat
focal macular edema.5

Argon-green is the most commonly used wavelength,
although comparable results have also been reported with
yellow and other visible wavelengths.6 More recently, sub-
threshold diode laser (810nm) has been tried.7 This wave-
length is primarily absorbed by the deeper layers of the retina
and choroid, sparing the inner retinal layers.

The clinical course of DME has been evaluated after treat-
ment with intravitreal triamcinolone acetonide injection
(IVT) first in 2001.8 Then various authors reported the results
of the procedure, but different techniques were reported with
a consequent difficulty in comparing the results. Further-
more, only short term follow-ups are usually available.9

In the last decade, the role of pars plana vitrectomy (PPV)
in the treatment of DME has been investigated with increas-
ing interest.

The first attempt was made in 1992 by Lewis10 who per-
formed PPV with removal of an attached taut and 
thickened posterior hyaloid on 10 patients. In eight of them,
after more than one year, DME had resolved and VA
improved.

After that, many studies have reported on the results of
surgery for treatment for DME in the presence or absence of
posterior vitreous detachment (PVD) and in the presence or
absence of epiretinal membranes.11–20

While it is accepted that vitrectomy may be the best treat-
ment for E in the presence of vitreo-retinal traction and that
laser is the best treatment for focal macular edema, the treat-
ment of diffuse non-tractional macular edema is not clearly
defined.

From this large variety of treatment options and different
techniques for each treatment, the following issues have
emerged as critical:

Is there a unique treatment for diffuse DME (dDME)?
Are there different indications for photocoagulation, intrav-

itreal steroids and for PPV in the treatment of diffuse
DME?

Is there a best timing for treatment?

In the last decade, the use of optical coherence tomography
(OCT. Humphrey model 2000, Humphrey Instruments, San

Leandro, California, USA) added new insights on patterns of
DME and their impact on visual function and on the poten-
tial benefit of new therapies.

With the high-resolution cross sectional scanning of the
entire macular area, OCT can be fundamental in the diagno-
sis and follow up of DME, giving not only an objective mea-
surement of the macular thickness with a resolution of 10
microns,21 but also an image of intraretinal structure and
epiretinal tractions.

Commercially available in 1995, OCT has been used by
the vast majority of Authors for epidemiological or patho-
physiological studies on DME and for monitoring the results
of a variety of laser or surgical treatments.22–28

Might the use of OCT really improve the quality of treat-
ment and the therapeutic results?

In a previous paper ( ), the authors proposed a 
new Classification of macular edema with the use of 
OCT.

The new Classification, indicates that DME has different
morphologic patterns.

Therefore the authors added one more question to be
answered by the clinical trial:

Could each OCT morphologic pattern of DME benefit
more by one of the treatments?

The authors thought that these issues could only be clar-
ified by a clinical trial endeavoring the effort to compare the
effectiveness and safety of the three most widely accepted
treatment options available at the moment for DME: laser
photocoagulation, PPV and IVT.

The results of the clinical trial are presented in the present
paper.

To our knowledge this is the first attempt to make a 
comparative study among the three treatment option 
selected.

Methods

In the present study, 169 eyes with diffuse non-tractional
DME were treated from January 1999 to January 2004.

Each treatment was performed by two of the authors (GP
or BP).

The eyes were divided into three treatment groups:

1. PPV Group Fifty-nine eyes received a standard complete
pars plana vitrectomy (PPV) under local anesthesia, pos-
terior vitreous cortex separation, when attached to the
retina, and gas tamponade (C3F8 14%). The presence or
absence of PVD was registered during surgery and con-
sidered in the analysis of the results.

2. IVT Group Fifty-seven eyes received an intravitreal injec-
tion of 4mg of triamcinolone acetonide via pars plana in
the inferior quadrant with a 25 or 27 G needle and a
syringe. Topical anesthesia and a sterile procedure were
used for every patient. The procedure was performed 
into the operating room. Intraocular pressure (IOP) was
checked before treatment and then 5, 10 and 30 minutes
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Diode laser, vitrectomy and intravitreal triamcinolone 3

after treatment. In none of the eyes a paracenthesis was
needed to lower the IOP.

3. DIODE Group Fifty-three eyes were treated with a diode
laser with a sub-threshold grid pattern into the macula.
Grid was performed by placing radial rows of 3 to 5 non-
visible spots up to 300 micron from the center of the
foveal avascular zone. The correct power was obtained by
placing a few visible test spots outside the macula and
then by gradually lowering the power of the laser to find
the “non-visible sub threshold spot”.

In the years 2001 and 2002, DME eyes were randomly
assigned to the DIODE Group or to the PPV Group. Between
September 2002 and January 2004, DME eyes were treated
with IVT.

DME classification

According to the morphologic Classification published by
the authors and based on OCT findings, DME is divided into
different morphologic subtypes as follows: E1 refers to the
simple thickening, E2 to the thickening associated to cystoid
changes (E2a mild, E2b intermediate, E2c severe cystoid
thickening), E3 to the presence of neuroepithelial detach-
ment associated or not to E1 or E2 (for detailed description
of the Classification, see the paper published in this issue).

Only at the end of the study and during the analysis of the
data, each eye was classified according to the new DME
Classification.

Follow-up

Postoperatively, the eyes in the PPV Group were tested at 3,
6, 12 and 24 months; the eyes in the IVT Group were tested
at 1, 3, 6 and 12 months; the eyes in the DIODE Group were
tested at 3 and 6 and 12 months.

Eyes in the PPV Group could not receive the 1 month visit
due to the presence of internal gas tamponade into the vitre-
ous cavity.

Eyes into the IVT Group did not receive the 24 months
visit because the treatment was started more recently.

VA was tested with Snellen charts.
Each eye received OCT scan and a complete ophthalmic

evaluation preoperatively and at each postoperative visit.

Main outcomes

The main outcomes of the study were:

a. the functional result, i.e., the change in VA
b. the anatomic result, i.e., the change in central retinal

thickness as measured by OCT.

In particular the aim of the study was to answer to the fol-
lowing specific questions:

1. Which is the change in the average VA with time into 
the 3 treatment groups? which is the percentage of eyes

which gain three or more lines of VA in any treatment
group?

2. Which is the change in the average foveal thickness with
time for the 3 treatment groups?

3. May the pre-op VA influence the results?
4. Is OCT helpful in understanding which type of DME may

benefit more an by which treatment? I.e., is the DME mor-
phology an important factor?

5. Is PPV possibly beneficial only when the posterior hyaloid
is still attached to the retina?

Results

DIODE group

Gender. Twenty patients were male and 11 were female.
The mean age of the group was 67 years.
DME subtypes. E1: 6 eyes; E2a: 9 eyes; E2b: 22; E2c: 

8 eyes; E3: 11 eyes.

PPV group

Gender. Twenty patients were male and 12 patients were
female.

The mean age of the group was 68 years.
DME subtypes: E1: 11 eyes; E2a: 7 eyes; E2b: 25 eyes;

E2c: 5 eyes; E3: 9 eyes.

IVT group

Gender. Twenty-six patients were male and 11 were female.
The mean age of the group was 65 years.
DME subtypes: E1: 11 eyes; E2a: 7 eyes; E2b: 25 eyes;

E2c: 5 eyes; E3: 9 eyes.

Change in visual acuity with treatment

The change in the mean VA with time per each treatment
group was analyzed first.

The mean VA into the PPV Group was preoperatively 0.18
and increased to 0.25 at the early follow-up visit (1–3
months). At the late follow-up visit (6–12 months) it was 0.23.

The mean VA into the IVT Group was preoperatively 0.23
and increased to 0.33 at the early follow-up visit (1–3
months) but showed a relapse to 0.24 at the late follow-up
visit (6–12 months).

The mean VA into the DIODE Group was preoperatively
0.32 and increased to 0.43 at the early follow-up visit (1–3
months). At the late follow-up visit (6–12 months) it was
0.31.

As shown in graph 1, if the preoperative value is com-
pared with the late value (one year), only the eyes treated
with PPV show a slight improvement in VA (from 0.18 to
0.23) while the eyes treated with IVT and with laser show a
great improvement in the early stage (1 to 3 months) but a
decrease in vision with time (between 6 and 12 months after
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treatment). The difference in VA between the pre-op value
and the 3m post-op value is statistically significant for PPV
(p = 0.01), for IVT (p = 0.001) and for DIODE (p = 0.02).
The difference in VA between the pre-op value and the 
6–12m post-op value is not statistically significant for any 
of the treatment group.

The percentage of eyes which gained 3 lines or more of
VA was than analyzed (Graph 2).

At one month only the data of the IVT Group were avail-
able because the vitrectomized eyes still were filled with gas
and the eyes into the DIODE Group were not analyzed at one
month.

After IVT there was a high percentage of eyes which
improved early, 24% at one month, but at 6 months (16%)
and at one year (9%) the number decreased, while after PPV
the number of eyes which improved vision increased with
time (11% at 6 months, 17% at one year). The number 
of eyes with improved vision with laser was similar to PPV

at 6 months (9%) but decreased at one year dramatically
(4%).

Overall the effectiveness on visual function was 
minimal with every treatment for dDME, at least when 
considering only the average VA of the study group as a
whole.

Graph 3 shows how the average VA changes with time,
considering all the 169 eyes without differentiating the type
of treatment.

Change in foveal thickness with treatment

Graph 4 shows the change of the mean foveal thickness with
time per treatment group.

The mean preoperative foveal thickness into the PPV
Group was 463m and decreased to 361m at the early follow-
up visit (1–3 months) and then again to 327m at the late
follow-up visit (6–12 months).

0.00

0.07

0.14

0.21

0.28

0.36

0.43

preop 0.18 0.23 0.32

1-3 months 0.25 0.33 0.43

6-12 months 0.23 0.29 0.31

PPV IVT DIODE

Graph 1. Change in the mean VA with time per treatment group.

Se
m

in
 O

ph
th

al
m

ol
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
N

yu
 M

ed
ic

al
 C

en
te

r 
on

 0
5/

21
/1

5
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Diode laser, vitrectomy and intravitreal triamcinolone 5

The mean preoperative foveal thickness into the IVT
Group was 493m and decreased to 275m at the early follow-
up visit (1–3 months) but showed a relapse to 327m at the
late follow-up visit (6–12 months).

The mean preoperative foveal thickness into the DIODE
Group was 435m and decreased to 381m at the early follow-
up visit (1–3 months) and then again to 226m at the late
follow-up visit (6–12 months).

The difference in foveal thickness between the pre-op
value and the 3m post-op value was statistically significant

for PPV (p = 0.01), for IVT (p = 0.00001) and for DIODE
(p = 0.02). The difference in foveal thickness between the
pre-op value and the 6–12m post-op value was still statisti-
cally significant in the PPV Group (p = 0.0004) and in the
DIODE Group (p = 0.0008) but not statistically significant
for IVT Group. It must be taken into account however that
at one year 20% of the eyes into the DIODE Group were lost
because they received different treatment due to worsening
of the edema. Therefore the apparently good result in terms
of mean foveal thickness at one year in the DIODE Group
may be not acceptable.

At final follow-up the average foveal thickness was still
out of the normal range (180 ± 20m). Graph 5 shows how
foveal thickness changed with time, considering all the 169
eyes without differentiating the type of treatment.

The influence of pre-op VA on the results

The functional and anatomical results were more favorable
when considering a subgroup of eyes with preoperative 
VA ≥ 0.3.

In fact the final VA at the late follow-up was higher (graph
6) when compared to the late postoperative value of VA of
each treatment Group as a whole (see graph 1).

The influence of DME morphology on the results

The prognosis of DME was influenced by DME morphology.

� More eyes with DME type E2a gained 3 lines or more of
VA among the DIODE Group (44%) when compared 
with the PPV Group (29%) and the IVT Group (40%), at
least after 3–6 months of treatment. After 12 months 
or more, the percentage of eyes which gained 3 lines or
more of VA decreased to 1% in the DIODE Group, 
0% in the IVT Group, while it was still 14% in the PPV
Group.
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99
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0
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15
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30

1 m 6 m 12 m

PPV
IVT
DIODE

Graph 2. Percentage of eyes with a gain of 3 lines or more of VA
in time per treatment groups.
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Graph 3. Change in the mean VA with time considering all the 169 eyes without differentiating the type of treatment.
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Graph 4. Change in the mean foveal thickness with time per treatment group.
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Graph 5. Change in the mean foveal thickness with time considering all the 169 eyes without differentiating the type of treatment.
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� Only PPV improved VA and foveal thickness in type 
E2c

� The prognosis was worse in the presence of E3 (neu-
roepithelial detachment) in all treatment groups. In fact
less eyes gained 2 lines or more of VA. When E3 was
present, an improvement in VA (Graph 7) and in retinal
thickness (Graph 8) was appreciable only into the PPV
Group.

Graph 9 indicates the change of VA in function of DME mor-
phology in the whole group of 169 eyes independently from
the treatment strategy. The graph 9 indicates that by treating
earlier stages of DME, the final VA is better, as well as the
graph 10 indicates that the final foveal thickness is lower than
in advanced stages. It is interesting to observe that the stage
E1 (simple thickening without cystoid degeneration), pre-
sumably the earliest stage, is not the stage with the best final
results.

Stability

Vitrectomy proved to be the most stable treatment. A sig-
nificant number of eyes into the PPV Group continued 
to improve vision with time up to 24 months after surgery.
Intravitreal triamcinolone was very effective in improving

VA and retinal thickness at 1–3 months but it was not stable
and at 6–12 months the results faded away.

Preoperative PVD

Into the PPV Group, a subgroup of 6 eyes presented a pre-
operative posterior vitreous detachment (PVD). The change
in VA and in foveal thickness into this subgroup was com-
pared with the PPV Group as a whole, in order to check
whether the benefit of PPV could be detected only when the

0.00
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0.20

0.30

0.40

0.50

0.60

preop 0.38 0.42 0.48

1-3 months 0.40 0.52 0.54

6-12 months 0.43 0.49 0.40

PPV IVT DIODE

Graph 6. Change in the mean VA with time per treatment group, in a subgroup of eyes with preoperative VA ≥ 0.3.
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Graph 7. Change in the mean VA with time in dome with neu-
roepithelial detachment (E3).
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intraocular pressure (IOP) and 100% of the eyes a temporary
decrease in VA.

Late postoperative complications (3 to 6 months 
after surgery) comprised a high incidence of cataracts 
(90% of the phakic eyes) and 3.4% of retinal detachment 
(2 eyes).

IVT Group

Among the IVT Group, no intraoperative complications
occurred. As early postoperative complications (first week
post-op), two eyes presented a pseudo-endophthalmitis with
presence of fibrin into the anterior chamber but no hypopion
and negative culture. At 1–3 months 8% of the eyes were in
treatment for elevated IOP, 2 eyes (3.5%) received surgery
for retinal detachment. At one year 15% of eyes presented a
significant posterior cataract.

0

100

200

300

400

500

600

preop 598 574 466

1-3 months 460 275 424

6-12 months 399 530 428

PPV IVT DIODE

Graph 8. Change in the mean foveal thickness with time per treatment group in a subgroup of eyes with presence of neuroepithelial detach-
ment (E3).

posterior hyaloid was still attached to the retina or even in
presence of preoperative PVD.

The change in VA (Graph 11) and in foveal thickness
(Graph 12) in eyes with preoperative PVD was comparable
with the PPV Group as a whole.

Complications

DIODE Group

Nor intra nor postoperative complications occurred into the
DIODE Group.

PPV Group

Among the PPV Group, during the first week after surgery,
90% of the eyes experienced a temporary increase of the
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Diode laser, vitrectomy and intravitreal triamcinolone 9

results, in fact only 4% of eyes showed a gain of 3 lines or
more. Nine percent of eyes of the IVT Group showed the
same gain in vision while after PPV 17% of eyes gained 3
lines or more of vision.

Therefore, the study may conclude that, even if the
average VA does not change significantly in one year after
any treatment, a relative high percentage of eyes improved
their vision with PPV. PPV is the therapeutic strategy which
helps more the patients with DME.

Many authors observed the discrepancy between the
anatomical improvement of DME with treatment and the lack
of improvement in VA.16,19 It is known that an important prog-
nostic factor is the preoperative VA. Our study seemed to
confirm that a better preoperative vision and a less severe
edema could lead to a better improvement in vision espe-
cially with PPV.

Also morphology of DME classified preoperatively with
OCT may help in guiding to the choice of treatment and as
a prognostic factor.

In fact the study showed that by treating earlier stages of
DME, the final VA was better, as well as the final foveal
thickness was lower than in advanced stages. It is interesting
to observe that the stage E1 (simple thickening without
cystoid degeneration), presumably the earliest stage, was not
the stage with the best final results.

The authors interpreted this finding observing in different
eyes that E1 may be both an authentic early stage of DME
in eyes with good VA but also the final atrophic stage in eyes
with very low VA and macular ischemia. It is obvious that
these eyes hardly improve their vision after any kind of 
treatment.

Our study highlighted the effectiveness of PPV in improv-
ing VA and decreasing foveal thickness as well as the stabil-
ity of a single PPV procedure with time. Also VA continued
to improve in the same eye postoperatively with time. We
found that the same results of the PPV Group were obtained
in a subgroup of eyes with PVD already present preopera-
tively. Therefore, PPV probably does not work solely by relief
of macular traction. The question remains, why does PPV
relieve DME?

Otani16 stated that foveal thickness decreases even when
the vitreous is still attached but without evident traction at
OCT. PPV may not only release traction on the macula but
also eliminate the condensed fluid containing chemical medi-
ators in the pre-macular liquefied pocket.17

Stefansson et al.29 gave another possible explanation.
They demonstrated that preretinal oxygen tension was higher
in vitrectomized eyes, because the aqueous humor, which is
more oxygenated than vitreous fills the vitreous cavity after
surgery. Furthermore, Kadonoso et al.30 have shown an
increased perifoveal capillary blood flow after PPV in his
series.

We think that given the major changes that may happen
in the evolution of dDME, even after treatment, the minimal
follow-up to judge the effectiveness of a treatment in any
study is one year.

Discussion

Photocoagulation is currently the main treatment for DME,
but unfortunately the procedure typically results in stabiliza-
tion and not in improvement in vision.

Absence of a fully successful treatment for DME has led
to the search for alternative therapies.

The present study tested the effectiveness and safety of
the three actual most widely accepted treatment strategies for
dDME, laser photocoagulation (in our study with diode
laser), intravitreal steroid injection and pars plana vitrectomy.

PPV, IVT and LASER were equally effective in lowering
foveal thickness at 1–3 months but the results of PPV lasted
longer, up to one year or more.

IVT seemed to be a possible solution, very well accepted
by the patients and easy for the surgeons. But it was defi-
nitely not stable. The good results were lost in 5–7 months.
The possibility of repeating IVT in the same eye twice a year
or more often seemed limited in our opinion by the presence
of complications.

The ETDRS study analyzed the percentage of eyes which
gained 3 lines or more with laser vs no treatment, and found
that only 3% of the eyes which received a laser grid may
improve their vision of at least three lines.4 This percentage
was much higher with every treatment tested in our study at
least at 6 months of follow-up. After one year, the results
obtained by the DIODE Group resembled the ETDRS
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Graph 9. Change of VA with treatment in different types of DME
according to the new macular edema classification.
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Graph 10. Change of foveal thickness with treatment in different types of DME according to the new macular edema classification.
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Graph 11. Change in the mean VA with time in eyes treated with PPV. Comparison between the group as a whole (PPV tot) and a subgroup
of eyes with PVD already present preoperatively (PPV with PVD).
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New therapeutic flow chart

Taking into account the results of the study, the authors
changed their personal guidelines in the treatment of diabetic
macular edema:

Laser grid in eyes with

• Focal edema
• Early stages (E1, E2a) of dDME in eyes with VA ≥ 0.5

PPV in patients with

• Evident traction (T2, T3)
• Early stages (E1, E2a) of dDME in eyes with VA < 0.5 and

advanced stages (E2b, E2c) of dDME with any VA
• Neuroepithelial detachment (E3)

No more IVT will be performed for dDME by the 
authors.

The choice of 0.5 as threshold VA was taken by the
authors in light of the following considerations:

– the study has shown that by treating eyes with preoperative
VA ≥ 0.3 the final functional and anatomical results are
better

– the possible intra and postoperative complications may
limit the indication of PPV in eyes with VA ≥ 0.5

The treatment of DME is a real challenge and still an expand-
ing field.

Future studies are needed to provide further insights on
the pathophysiology and the natural history of DME, and
therefore guidelines for treatment.
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