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Abstract

Background: To evaluate visual recovery after rehabilitation with microperimetric biofeedback in patients
submitted to surgery for retinal detachment.

Methods: We have randomly divided 44 eyes of 44 patients after surgery for retinal detachment into two group:
group A, 23 eyes, submitted to biofeedback training with microperimetry MP-1, 10 training sessions, once a week,
ten minutes for each eye; group B (control group), 21 eyes, treated with common care strategy. We have compared
best correct visual acuity (BCVA) of two groups at baseline, 6, 12 and 18 weeks with Student’s t test.

Results: At baseline the mean BCVA was 0.6 ± 0.43 logMAR in group A and 0.66 ± 0.67 logMAR in group B
(p=0.74). At 6 weeks after training the mean BCVA of group A was 0.27 ± 0.29 logMAR significantly better (p=0.02)
than group B (0.67 ± 0.67 logMAR). At 12 weeks the mean BCVA was 0.18 ± 0.25 logMAR in group A better than
the control group in which the mean BCVA was 0.60 ± 0.66 logMAR (p=0.01). At 18 weeks visual performances
were still better in biofeedback group than in group B (p=0.01) in which the mean BCVA was 0.58 ± 0.68 logMAR.

Conclusions: Microperimetric biofeedback allowed a better and faster visual recovery after surgery for retinal
detachment than normal condition.
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Introduction
Successful reattachment of the macula after retinal detachment

(RD) is often associated with incomplete visual recovery. Preoperative
factors influencing macula recovery include preoperative visual acuity,
duration and height of detachment, and vitreomacular traction.
Postoperative clinical findings that are associated with incomplete
recovery include cystoid macular edema, epiretinal membranes, retinal
folds, retinal pigment epithelium (RPE) migration, and persistent
subretinal fluid (SRF) [1]. Even with a normal-appearing macula on
examination, patients often experience visual impairment.

In this study we have evaluated if it is possible to speed up recovery
time in operated eyes by biofeedback rehabilitation with the MP-1
microperimeter (NIDEK Technologies Srl, Padova, Italy). Fundus-
related microperimetry (MP) is a functional measure of macular
sensitivity. The MP-1 Microperimeter measures several points in the
patient’s central field and effectively maps out microscotomas. An
infrared camera establishes and tracks the patient’s fixation, and the
resulting visual field is registered onto the corresponding fundus
photograph. In this manner, the functional defect can be localized to
the anatomic macular abnormality. Studies have shown that the MP-1
results are reproducible and comparable to standard automated
perimetry [2,3].

Visual rehabilitation is a therapeutic approach that has been applied
to different ocular diseases characterized by visual deterioration and
loss of stable central fixation [4].

The MP-1 Microperimeter biofeedback examination allows the
ophthalmologist to train the patient to fixate the target with a new
preferred retinal locus (PRL), which can be defined as a discrete retinal
area that contains more than 20% of the fixation points. The term
“preferred retinal locus” (PRL) describes a retinal area that acts as a
pseudofovea for visual tasks when a central macular scotoma affects
visual performance. Moreover, a sizeable proportion of patients use
more than one.

PRL for a given task, It has been also found that some patients
exhibit a re-referencing of the oculomotor system to the PRL, which
leads them to say that they are looking straight ahead when they are
fixating with the PRL (i.e. when the eye is not in the primary position).
This phenomenon has been referred to as adaptive eccentric fixation
or oculomotor re-referencing [5].

Methods
We enrolled 44 eyes of 44 patients (17 female and 27 male), who

had come to the Department of Ophthalmology, “S.M. Goretti”
Hospital. The mean age was 58,24 ± 14,05 years (range: 27-88 years
old).

Exclusion criteria included
Eyes undergoing reoperation of primary failure or redetachment;

eyes with a macular hole, age-related macular degeneration, or
macular oedema; patients with advanced glaucoma, diabetic
retinopathy.
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The diagnosis of retinal detachment was based on a complete eye
examination which included slit-lamp biomicroscopy, intraocular
pressure test, best-corrected visual acuity (BCVA) test, and binocular
indirect ophthalmoscopy.

Patients underwent surgery for RD between 2008 and early 2011.

Twenty-three eyes of twenty-three patients had scleral buckle
surgery combined with cryopexy for macular-off RD by an individual
surgeon (E.M.V.) Drainage of subretinal fluid was performed in all
eyes. All operations were uncomplicated. Routine postoperative
corticosteroids, antibiotics, and cycloplegics were prescribed and
tapered over the subsequent postoperative weeks. All operations were
uncomplicated. Routine postoperative corticosteroids, antibiotics, and
cycloplegics were prescribed and tapered over the subsequent
postoperative weeks. Twenty-one eyes of twenty-one patients were
submitted to pars plana vitrectomy (PPV) with 23- gauge system
associated with the internal filing with silicone oil
(polydimethylsiloxane (PDMS) 1000).

After the surgery patients were randomly divided in two group:
group A, that included 23 eyes, 12 buckled and 11 with PPV and
PDMS tamponnade, was submitted to rehabilitation protocol with
biofeedback (BF) MP-1; group B (control group), that included 21
eyes, 11 buckled and 10 with PPV and PDMS tamponnade, was treated
only with common care. Retinal reattachment of the macula was tested
with Optical Coherence Tomography (OCT) scans.

Institutional Review Board (IRB) approval was obtained; the
possible merits and risks of the rehabilitation were explained to all
patients and an informed consent was obtained in accordance with the
Helsinki Declaration prior to inclusion in the study. Visual
rehabilitation started 15 days after the suspension of cycloplegic
eyedrops in buckling procedure or after silicone oil removal in PPV
eyes.

Rehabilitation protocol consisted of
Microperimetry, 10 training sessions with MP-1 biofeedback.

Microperimetry and fixation test were performed with MP-1
microperimeter using the automated programme, the threshold test of
4–2 strategy, and a 1° single cross fixation target; however, at the
beginning of the study the size was enlarged to a 2° single cross
fixation target when patient was not able to see the 1° single cross
fixation target. After training only 1° single cross target was used for all
patients.

Retinal threshold sensitivity was measured in all eyes using the
stimulus Goldmann III (round shape with a white background) with
stimulus intensity ranging from 0 to 20 dB. Stimulus presentation time
was 200 ms. After microperimetry it was chosen the new PRL. The
rehabilitation protocol consisted of 10 training sessions of 10 minutes
for each eye, performed once a week using the MP-1 acoustic target
biofeedback examination. The patients were trained to fix the new PRL
according to an audio feedback which advised them whether they were
getting closer to the desired final fixation position. All the procedures
were followed on a monitor. Best correct visual acuity (BCVA) of two
groups was measured and it was compared at baseline, 6, 12 and 18
weeks after the start of the study.

BCVA was measured using a standard Snellen chart, and then
converted to logarithm of the minimum angle of resolution (logMAR)
for statistical analyses.

Statistical analysis was performed using Student’s t-test and p values
less than 0.05 were considered statistically significant.

Results
We have enrolled 44 patients (17 female and 27 male), mean patient

age was 58.24 ± 14.05 years old (range: 27–88 years old), for a total of
44 eyes after surgery of retinal detachment. Patients underwent to
surgery for RD between 2008 and early 2011. We have randomly
divided patients in two group: group A, 23 eyes, with mean pre-
operative BCVA of 1.48 logMAR, submitted to surgery after 2.3 days
of diagnosis, was submitted to biofeedback training with
microperimetry MP-1, 10 training sessions, once a week; group B
(control group), 21 eyes, with mean pre-operative BCVA of 1 logMAR,
submitted to surgery after 2.4 days of diagnosis, was treated with
common care strategy only. All participants completed the study
protocol.

At baseline the mean BCVA for both groups was: in A 0.6 ± 0.43
logMAR and in B 0.66 ± 0.67 logMAR with no statistically difference
(p=0.75). At 6 weeks after training with microperimetric biofeedback
the mean BCVA of group A was 0.27 ± 0.29 logMAR significantly
better (p=0.02) than group B in which the mean BCVA was 0.67 ± 0.67
logMAR. At 12 weeks the mean BCVA was 0.18 ± 0.25 logMAR in
group A better than the control group in which the mean BCVA was
0.60 ± 0.66 logMAR and this result was statistically significant
(p=0.0109). At 18 weeks visual performances were still better in
biofeedback group with the mean value of BCVA 0.15 ± 0.25 logMAR
than in group B in which BCVA was 0.58 ± 0.68 logMAR and this
result was statistically significant (p=0.01) (Figure 1).

Figure 1: The graph shows BCVA of the group A who performed
rehabilitation with MP-1 biofeedback (BF) and BCVA of the group
B which was used as a control group at baseline, after 6 weeks, 12
weeks and 18 weeks.

Discussion
Scleral-buckling procedure is the most commonly used surgical

treatment of rhegmatogenous retinal detachment (RD), with or
without intravitreal gas injection [6]. After scleral-buckling procedure,
visual recovery is related to the pre-operative and post-operative
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macular condition. A poor functional outcome is common because of
post-operative complications, such as persistent subfoveal fluid, even
in a pre-operatively uninvolved macula [7], epiretinal membranes, and
cystoid macular oedema [1,8].

Pars plana vitrectomy (PPV) has become accepted as the treatment
of choice for certain complex retinal detachments. The commonest
indications are difficult breaks (for example, giant or macula) [9,10] or
the presence of advanced proliferative vitreoretinopathy (PVR). In
simpler rhegmatogenous retinal detachment (RRD) external buckling
procedures are preferred generally [11,12].

Visual recovery after successful surgery for the macula-off
rhegmatogenous retinal detachment continues to be an important
topic for ophthalmologists. Salicone et al. studied the visual recovery
after scleral buckling procedure for retinal detachment on 672
patients, including 457 (68%) with macular detachment. They showed
that the use of gas, drainage of subretinal fluid, and lens status did not
influence final anatomic or visual results. Visual recovery after retinal
reattachment was most dependent on macular involvement. Duration
of macular detachment had surprisingly little influence on
postoperative visual acuity. Macular detachment was the most
important prognostic factor for anatomic and visual acuity success
[13]. Kusaka et al. have retrospectively investigated the long-term
visual recovery in 32 macula-off retinal detachments that had been
followed up for more than 5 years after surgery. They found that the
best corrected visual acuities were better at 5 years than at 3 months by
two lines or more in 17 eyes (53%). In these 17 eyes, visual acuity
continued to improve for up to 10 years after surgery. The remaining
15 eyes demonstrated best corrected acuities that remained within one
line of the 3-month values. The eyes that demonstrated long-term
improvement in the postoperative period were found to be statistically
correlated with younger age, no or mild myopia (less than -5.00 D),
and shorter duration of macular detachment (30 days or less) [14].

In our study we have evaluated if it is possible to speed up recovery
time in eyes after retinal detachment surgery with biofeedback
rehabilitation with a MP-1 microperimeter (NIDEK Technologies Srl,
Padova, Italy).

Biofeedback has been used for more than fifty years in
rehabilitation to facilitate normal movement patterns after injury [15].
It is the technique of providing biological information to patients in
real-time that would otherwise be unknown. Biofeedback usually
involves measurement of a target biomedical variable and relaying it to
the user using one of two strategies;

Direct feedback regarding the measured variable, as in the case of
heart rate or heart rate variability, where a numerical value is displayed
on a wearable device, such as a watch.

Transformed feedback regarding the measured variable, where the
measurements are used to control an adaptive auditory signal, visual
display or tactile feedback method [16].

At the end of rehabilitation protocol our data demonstrate that in
group A the biofeedback training allowed a significant recovery in
visual acuity after clinical healing of the retina that remains still
evident after 18 weeks from the baseline. In fact the training with
MP-1 Microperimeter biofeedback increases the BCVA after surgery
for retinal detachment in a statistically significant compared to
controls after 18 weeks of treatment because patients were trained to
use the new PRL found by microperimetry.

Studies have demonstrated the efficacy of low-vision rehabilitation
by means of MP-1 biofeedback examination in patients with different
macular disease (vitelliform dystrophy, post-traumatic macular scar,
Stargardt disease, myopic macular degeneration, cone dystrophy) and
they demonstrated an improvement in visual acuity, fixation
behaviour, retinal sensitivity and reading speed [4,17].

Crossland et al. showed that the MP-1 Microperimeter uses cerebral
plasticity and neurosensorial adaptation to the central scotoma of
patients with macular diseases to improve their visual abilities and
more manageable visual aids. Indeed, such patients often develop a
new PRL, which can be defined as a discrete retinal area that contains
more than 20% of the fixation points [5].

PRL was chosen according to microperimetry as an area of higher
sensitivity and fixation points also indicated by colours of interpolated
map or by numbers of the numerical map. After placing the aim
fixation on the PRL of patient, he are asked to move their eyes
according to an audio feedback which tells them whether they are
getting closer to PRL chosen by the ophthalmologist. Sound
perception increases the conscious attention of the patient, thereby
facilitating the lock-in of the visual target and increasing the
permanence time of the fixation target itself on the retina. This
mechanism facilitates stimuli transmission between intraretinal
neurons as well as between the retina and brain, where the highest
degree of stimuli processing takes place, thereby supporting a
“remapping phenomenon” [18,19]. Improvement through biofeedback
training in patients who suffer from macular disease which remain
either stable or worsen, where the traditional treatment cannot offer
further results, is of interest and well worthy of attention. The reasons
of this improvement are due to the fact that we trained a “retinal
motor” PRL, with appropriate retinal sensitivity, so as to increase the
number of correct fixation saccades and re-reference the oculomotor
system.

There could be improvement in ocular motor control and in
'searching capacity'. Furthermore, learning to use eccentric fixation
could be a mechanism contributing to amelioration. Another
suggestion is an increase in the discriminating capacities both of the
retina and the visual cortex and associated areas. In particular it is very
important to note that visual function could be improved because
patients undergoing training improve their ability to demonstrate their
best visual acuity and other visual abilities. When visual acuity in the
better eye worsens in patients with binocular macular diseases, they
sense an improvement of vision in the fellow eye. Since each cerebral
hemisphere is stimulated by both monocular and binocular neurons,
this improvement can be explained by the fact that activation in areas
of residual vision, which are systematically stimulated with light,
increases and patients are able to perceive visual stimuli in parts of the
field that had previously been unresponsive or in which super
threshold stimuli had not been detected as demonstrated by Poggel
[20].

Another example of cerebral plasticity is blindsight, which was
defined as a condition in which patients with damage in their primary
visual cortex or its afferents retain the ability to detect, discriminate
and locate visual stimuli presented in areas of the visual field in which
they claim to be blind [21].

Cerebral plasticity is likely to play an important role. Neurons are
thus able to respond to weaker stimuli than they responded to without
attention. Alpeter demonstrated that attention also increases the
coherence between neurons responding to the same stimulus [18].
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The biofeedback effect is related to the brain’s ability to perceive an
efficient PRL for visual tasks. The audio feedback can, by increasing
attentional modulation, help the brain fix the final PRL.

As found by Mezawa, auditory biofeedback can be useful for the
treatment of patients affected by congenital nystagmus, that have
reported a subjective gain and an improvement of foveation time,
amplitude, and frequency at the end of the visual training [22]. In our
previous study, we analyzed the structured training with biofeedback
stimulus with microperimetry MP-1 (Nidek Technologies) efficacy in
patients with age-related macular degeneration (AMD) in terminal
stage. The study showed excellent results passing damaged
photoreceptor layer and improving the integration process of outer
segment and especially of the inner retina. The structural stimulus is
addressed to the visual receptive fields highly sensitive to medium
spatial frequencies, as this stimulus provides to the ganglion cells
information much more effective than simple unstructured light
stimulation as used in IBIS (improved biofeedback integrated system)
device [23].

Techniques of biofeedback have been performed in the treatment of
ametropia (myopia, astigmatism, presbyopia), nystagmus, amblyopia
[24,25] and advanced glaucoma [26].

Andrade et al. have shown that patients are usually unaware of their
scotoma because, when the retina is damaged by a local lesion
(induced scotoma), the cortical neurons driven by stimuli originating
in this region do not remain inactive but become selective to stimuli
originating in other parts of the retina. This process occurs in two
distinct steps, each with its own time scale: i) a fast redistribution of
receptive fields (RFs) in the area of the lesion and ii) a long-term
reorganization that leads to the final RF configuration. Although the
mechanisms underlying the gradual rearrangement are becoming
clearer, the first step remains obscure. Cortical neurons located in the
retinotopic position corresponding to the scotoma receive some
degree of activity from the unimpaired neurons in the area
surrounding the lesion [27].

Cortical plasticity allows the brain to adapt to background
modifications or to nervous system damage. It also underlies learning
and attention processes. Cortical changes occurring after focal visual
differentiation modify visual perception by filling in visual field defects
with information from the area surrounding the scotoma. This
modification causes affected subjects to ignore or underestimate their
defects. With visual field defects, cortical plasticity also causes
distortion in spatial perception. These effects cause delay the
identification of visual field defects, and hence the initiation of
therapy, while also affecting the results of some procedures to test the
visual field [28].

Conclusion
Microperimetric biofeedback trains the neurotrasmission chain to

increase intercellular neurotransmitters and to restore neuro-brain
connections faster than in normal conditions.
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