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Abstract Diabetic retinopathy has an enormous impact on visual function, even before permanent

visual acuity loss. Moreover, adequate functional tests are mandatory to diagnose and follow dia-

betic patients treated for diabetic macular edema (DME). More precisely, the visual function safety

profile of any therapy for DME should be accurately investigated. Microperimetry offers the pos-

sibility to obtain an exact fundus-related quantification of retinal sensitivity, and it is changing the

current approach to the functional investigation of diabetic retinopathy.
ª 2011 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.
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1. Introduction

Diabetic retinopathy is one of the major causes of permanent

visual (acuity) loss in the working population. Moreover, the
prevalence of diabetes mellitus is dramatically increasing
worldwide. Visual loss is commonly quantified by a full con-

trast visual acuity test (by Snellen or ETDRS charts). Unfortu-
nately, this full-contrast visual acuity test doesn’t reflect the
real visual functional abnormalities due to the retinal involve-
ment secondary to diabetes mellitus. Moreover, subtle and

precocious neurosensory visual abnormalities have been
quantified in diabetic patients in order to detect early visual
dysfunction, even before the onset of clinically detectable
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retinopathy. The aim of these investigations is to try to identify

among diabetic subjects a population at higher risk of develop-
ing vision threatening retinopathy (Bresnick, 1986; Midena
et al., 1990). Psychophysical visual function testing may reflect
the neural activity of the whole visual pathway, but it is known

that psychophysical tests are valuable clinical indicators of ret-
inal function derangements induced by the metabolic changes
secondary to diabetes mellitus. In fact, in diabetic patients

impaired vision in dim light and difficulties in recognizing
the contour of objects in low contrast conditions are common
complaints even with good visual acuity and full visual fields

(Hyvärinen et al., 1983). Visual acuity is still considered the
gold standard in clinical practice of vision testing, but it does
not entirely reflect functional vision. Functional vision de-

scribes the impact of sight on the quality of life that represents
the patient’s point of view (Sharma et al., 2005; Owsley and Slo-
ane, 1987; Midena, 2006). This approach is better quantified
using all available psychophysical tests, mainly analyzing fun-

dus-related retinal sensitivity threshold. This paper reviews the
current application of fundus-related perimetry, better known
as microperimetry, in the diagnosis and follow-up of diabetic

retinopathy.

2. Microperimetry (fundus-related perimetry)

Perimetry encompasses the assessment of differential light
threshold of retinal locations from the fovea to the pre-

planned periphery. Static perimetry is particularly useful for
detailed probing in carefully selected areas and represents the
current cornerstone of visual field testing. Standard threshold
static automated perimetry quantifies the differential light

threshold required to detect a static white light stimulus in
the visual field. Since standard threshold perimetry uses a static
achromatic stimulus, it is thought to non-selectively evoke

both major groups of retinal ganglion cells. Newer technolo-
gies are aimed at earlier detection of subtle deficits and enhanc-
ing diagnostic accuracy. In diabetic macular edema (DME),

visual acuity loss is quite relevant and irreversible when long
lasting edema involves the center of the macula; in these cases
the outcome of laser treatment is poor. But, before the loss of

visual acuity is reported by patients, they may suffer from
other disturbances of visual function such as: waviness, blur-
ring, relative scotoma and decrease of contrast sensitivity
which are not assessed and quantified in routine examination.

Therefore, a visual function test aimed at identifying vision
threatening retinopathy before visual acuity is affected would
be of great value. One possible approach may be to identify de-

creased sensitivity in central and paracentral areas using
microperimetry (Midena, 2006). As elegantly stated by Sunnes
et al., conventional visual field examination is inadequate for

the accurate functional evaluation of macular diseases and
detection of small scotoma, particularly when foveal function
is compromised and the patient may have unstable and

extrafoveal fixation (Sunness et al., 1995). Accuracy of the con-
ventional visual field rests on the assumption that fixation is
foveal and stable. Moreover, the detection of the site and sta-
bility of retinal fixation (foveal or extrafoveal) and the quanti-

fication of retinal threshold over small and discrete retinal
lesions are beyond the possibilities of conventional, automatic
and non automatic perimetry (Midena and Radin, 2006). The

integration of retinal details with function has been achieved

by fundus-related perimetry, more widely known as microperi-

metry. Microperimetry allows for the exact topographic corre-
lation between fundus abnormalities and corresponding
functional alterations by integration, with different methods,
of differential light threshold (more commonly known as reti-

nal sensitivity) and fundus imaging. It also allows to quantify
fixation characteristics, by exactly defining location and stabil-
ity of any foveal or extrafoveal (PRL: preferred retinal locus)

fixation site, as well as determination of size, site and shape
of scotoma. Moreover, the possibility of an automatic fol-
low-up examination (using the microperimeter MP1, Nidek

Co, Japan) which allows the evaluation of exactly the same ret-
inal points tested at the baseline, regardless any change in fix-
ation characteristics is a valuable tool of this technique, mainly

in the evaluation of treatment outcome. Microperimetry offers
several advantages versus standard perimetry in the quantifica-
tion of macular sensitivity, such as: direct real time fundus con-
trol; direct correlation between sensitivity and fundus details;

detection of central microscotomata; continuos monitoring
of fixation. The original Scanning Laser Ophthalmoscope
(SLO, Rodenstock, Germany) was the first instrument com-

bining static perimetric testing and simultaneous observation
of the fundus. SLO allowed a real-time examination by an
infrared (IR) source of the retina and allowed the manual pro-

jection of visual stimuli of different shapes, sizes and intensities
over selected retinal areas. The sensitivity map, obtained
according to the stimulation pattern (in dB or pseudocolors),
was available at the end of the examination. This map con-

tained the fixation area, the fixation target, and the threshold
data. This instrument is no more commercially available.

With the introduction of a new microperimeter, a liquid

crystal display (LCD) microperimeter (MP1) with a coupled
color fundus camera, visualization of color fundus details al-
lows to directly report functional data onto clinical fundus im-

age and automatic tests are also obtained. MP-1
microperimeter has both an infrared and a color fundus cam-
era, as well as an automatic real-time tracking system that al-

lows for a full automatic retinal fixation and threshold
determination as well as automatic follow-up and differential
maps determination, independently from fixation characteris-
tics. The main technical characteristics of this instrument have

been previously described in detail (Vujosevic et al., 2006;
Midena et al., 2004; Midena et al., 2007). Roschneider et al.
compared MP-1 and SLO microperimeters and found that

both instruments analyzed retinal sensitivity and fixation char-
acteristics, and the results obtained from both instruments
were directly comparable. However, MP-1 is superior to

SLO due to the automatic real-time alignment system, a larger
field of (fundus) view (44� · 36� MP1 versus 33� · 21� SLO)
and color image (Rohrschneider et al., 2005).

The most relevant characteristics of advanced microperime-
try performed with the MP-1 microperimeter may be briefly
summarized as follows:

� Exact fundus-related stimulation
� Automatic eye-tracking system
� Automatic static and kinetic stimulation (with standardized

or customized grids and centration)
� Normative age-related database (Midena et al., 2010)
� Age-related differential maps (local defect determination,

shallow defects determination, etc. . .)
� Automatic follow-up and differential maps
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