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Functional magnetic resonance imaging following epimacular and internal
limiting membrane peeling — ipsilateral and contralateral findings

Jan Lestak, Bohdana Kalvodova, Ivan Karel, Jaroslav Tintera

Purpose. The purpose of this study was to find out whether peeling of the epimacular membrane (EMM) and internal
limiting membrane (ILM) for symptomatic lamellar macular hole (LMH), causes impairment of the visual cortex.
Patients and Methods. This pilot study consisted of 8 eyes of 4 patients (2 females and 2 males), mean age 69.25 years
(60-83 years), who underwent pars plana vitrectomy and EMM and ILM peeling in one eye for lamellar macular hole The
second eye remained intact. The patients had no other ophthalmological or neurological disease. The control group
consisted of 20 eyes of 10 healthy people (8 females and 2 males). mean age 52 years (34-65 years). In all of them, we
performed functional magnetic resonance imaging (fMRI) of the brain to the visual paradigm (black and white chess-
board of 25.8 x 16.2 degrees in size), as well as in patients 3-4 years following the surgery. For statistical processing, we
used ANOVA and multiple regression for adjustment for the age of patients.

Results. In all patients, we recorded a decrease in fMRI activity of the brain following stimulation of the eye in which
surgical intervention was performed. The fMRI values using ANOVA (without adjustment for age) were significantly
different between groups (P<0.001). Following adjustment for age and the use of multiple regression, the fMRI values
in the operated eyes were lower by 4142.39 vs the control eyes. In the group of unoperated eyes, the fMRI values were
lower by 2807.39 vs the control eyes. Therefore, the results did not differ very much from the results without adjustment.
Conclusion. In patients with symptomatic partial macular defect following EMM and ILM peeling, we recorded a sig-
nificant decrease of the fMRI activity of the brain following stimulation of the operated eye, compared to the control
group. We also found a decrease in activity in fMRI following stimulation of the contralateral eye. These findings lead
us to the conclusion that EMM and ILM peeling may cause secondary impairment of the visual centres in the brain,

not only on the side of the surgical intervention, but also on the contralateral side.
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INTRODUCTION

The Miiller glial cells pass across the full thickness
of the retina and cover all the retinal cells and their pro-
jections. Their internal projections are connected in the
internal limiting membrane (ILM). This morphological
relationship is reflected in the number of functional inter-
actions between the retinal neurons and the Miiller cells,
including the extracellular ion homeostasis and transfor-
mation of glutamate. Miiller cells are key mediators in
the protection of neurons, especially by release of the
basic fibroblast growth factor, uptake and degeneration
of excitotoxic glutamate and secretion of antioxidative
glutathione. During hypoxic conditions, neovascularisa-
tion is mediated by the Miiller cells released from the
vascular endothelial growth factor and by transformation
of the growth factor, beta or by direct contact with the
endothelial cells'.

Peeling of the retinal ILM appeared to be beneficial
in improving the anatomical success of surgical therapy
of symptomatic macular defects>’. Despite this positive

information, the question whether peeling can impair eye
function remains under discussion. There is no doubt that
removal of part of the Miiller cells causes impairment not
only of the Miiller cells but it also impairs the metabolic
processes in the retina, especially in the layer of glial cells
and their fibres. It is also important to emphasise that in
the umbo of the foveola, there are only cones and their
fibres together with the Miiller cells. Removal of the ILM
may also cause impairment of the fibres of the cones.

While most studies are focused on visual acuity or
retinal function following ILM and EMM peeling, there
is no information available on its impact on the visual cor-
tex. In a previous study, we aimed precisely at this issue
and found a statistically significant decrease in functional
magnetic resonance (fMRI) results following stimulation
of the operated eye following peeling, compared to the
second eye®. As in an experiment following ipsilateral reti-
nal or optic nerve damage, the glial tissue is activated and
damage to the ganglion cells in the retina of the intact eye
occurs as well, the authors do not recommend the use of
the intact eye as a control eye®!2.
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Table 1. Summary table of all patients.

VA before VA after FMRI OCT Clinical Pecli Years after
No. Sex/Age ~ RE/LE  RE/LE RE LE diagnosis eeimsg surgery
1. F/66 1.0/0.1 1.0/0.6 4900 1 600 EMM EMM LE 4
2. F/68 0.3/0.6 0.4/0.6 4 600 5450 LMH LMH RE 4
3. M/60 1.0/0.2 1.0/0.5 2200 2 060 LMH EMM LE 3
4, M/83 1.0/0.8 1.0/0.8 3950 2900 MPH EMM LE 4

EMM-epimacular membrane, LMH-lamellar macular hole, MPH-macular pseudohole.

Therefore, the purpose of our study was not only to
compare the results of the activity of fMRI following
stimulation of an eye following EMM and ILM peeling
with the control group, but also to compare the intact eye
with a control group.

Cohort

The pilot study consisted of 8 eyes of 4 patients (2 fe-
males and 2 males), mean age 69.25 years (60-83 years),
who underwent pars plana vitrectomy and EMM and
ILM peeling in one eye. The second eye remained intact.
The patients had no other ophthalmological or neuro-
logical disease. The control group consisted of 20 eyes of
10 healthy people (8 females and 2 males) of mean age
52 years (34-65 years). In all of them, we performed func-
tional magnetic resonance imaging (fMRI) of the brain
to the visual paradigm (black and white chessboard of
25.8 x 16.2 degrees in size), as well as in patients 3-4 years
following the surgery.

For determination of LMH and MPH, we used the
definitions referred to in publications!>.

Surgical technique

Under local anaesthesia, patients underwent 3-port
triamcinolone-supported (TA) 23-gage PPV with a separa-
tion and removal of the posterior vitreous cortex. In all
eyes, we applied approximately 0.5 mL of TA to the centre
of the vitreous cavity. Following suction of the vitreous
humour, 0.15% solution of trypan blue (MembraneBlue,
D.O.R.C International, Rotterdam, the Netherlands) was
used for visualisation of the EMM and ILM at simultane-
ous stopping of the infusion. Following 60 s, the infusion
was restored and the dye was removed. We used special
micro tweezers for peeling of the EMM and ILM. The
ILM was removed in all eyes, although sometimes unin-
tentionally together with the EMM.

Functional MRI

All fMRI measurements were performed using the
Philips Achieva TX SERIES system with magnetic pole
of 3 Tesla according to our own methodology'.

RESULTS

Visual acuity was improved in 3 eyes, 3-4 years post-
surgery and remained unchanged in 1 eye.

All eyes which underwent surgical intervention showed
lower activity during the fMRI examination compared to
the control intact eye (Table 1 and 2).

In all patients, we recorded a decrease in fMRI activity
of the brain following stimulation of the eye where surgi-
cal intervention was performed. We also found a similar
decrease following stimulation of the unoperated, healthy
eye (4125+1425). The fMRI values using ANOVA (with-
out adjustment for age) in all groups showed a significant
difference (P<0.001). Following adjustment for age and
the use of multiple regression, the fMRI values in the
operated eyes were approximately lower by 2807.39 vs the
control eyes. The results were not very different from the
results without adjustment.

DISCUSSION

Reports on fMRI examination following EMM and
ILM peeling in PMH and LMH are missing from the
literature. Trans-synaptic neuronal degeneration and im-
pairment of the ganglion cells of the visual cortex can be
expected following impairment of the ganglion cells of
the retina. This is also shown in studies on hypertensive
glaucoma’>'® and age-related macular degeneration'”!8,

We also anticipated a similar mechanism of possible
damage to the visual cortex in this study. During impair-
ment of the ganglion cells of the retina, either directly
via impairment of their axons or indirectly via the Miiller
cells of the retina, impairment of the ganglion cells of the

Table 2. The table shows the fMRI values in the control

group.

Sex/Age RE LE
F-34 8 880 10 710
F-48 7212 10 013
F-50 6 627 11 730
F-46 5882 5 847
F-49 9783 6 754
F-50 3537 2256
F-60 7628 6 011
F-65 6 780 6 415
M-58 8 255 6 881
M-60 10 580 6792

The mean value was 7428+2366.
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Fig. 1. Patient no. 1. Left eye Right eye. fMR 4900 voxel. Left eye. fMR 1600 voxel. Sagittal (a), coronal (b) and transverse (c)

sections.

visual cortex may occur via transneuronal degeneration
at some period of time.

Possible damage to the retina following PPV with peel-
ing has been documented by a number of studies, which
refer to the anatomical and functional changes at various
timepoints following the procedure. Baba et al."” found a
reduction of the layer of ganglion cells using OCT 3 to
6 months following PPV with peeling. Similar conclusions
were reached by Kumagai et al.°. The authors examined
24 eyes following ILM peeling for macular hole and found
a significant reduction of the mean retinal width one
month post-surgery. This reduction continually decreased
during the 24 months of follow-up, except for the nasal
retinal area where the procedure was not done.

On the other hand, Sevim and Sanisoglu found no
difference in the width of the layer of the ganglion cells
before and after surgery, subsequent to surgery of the
macular hole with ILM peeling and without peeling, af-
ter 6 months?'.

Clark et al. studied changes in the layer of nerve fi-
bres following peeling for the macular hole. They found
oedema in the layer of nerve fibres during the first month
following surgery with regression of oedema after two
months. This finding had no effect on visual acuity?2.

In this respect, the study by Lesnik Oberstein et al.,
who performed immunological examination of the epireti-
nal membrane using peeling, deserves attention. In all
32 cases, they found nervous fibres of the ganglion cells
labelled with anti-neurofilament?:.

Tsuiki et al. studied the functional changes following
PPV with ILM peeling. They retrospectively studied the
perimetric findings in 140 eyes in which PPV with peeling
of the ILM (assisted ICG) was performed for macular
hole and they found nasal defects in 11 eyes, temporal
defects in 7 eyes in the visual field and concentric nar-
rowing in 1 eye?.

Tadaoni et al., using microperimetry, examined 16 eyes
following surgery of idiopathic macular hole. In 8 eyes
with peeling, they found a higher increase of sensitivity
vs 8 eyes where surgery was performed without ILM peel-
ing®.

Using a focal macular electroretinogram 6 weeks and
subsequently 6 months after the successful closure of the
hole, Terasaki et al. found that the percentage increase in
amplitude of the b wave 6 months following the proce-
dure was significantly higher in the group without peeling
(44.0%) vs in the group with peeling (15.0 %, P=0.037)
(ref.?%).

Although the above studies document possible dam-
age to the retina during ILM peeling, opinion in favour of
peeling predominates. The economical aspect of peeling
must also be emphasised, as it offers more favourable cost-
effectiveness, and therefore increases the primary success
of surgery and decreases the probability of re-operation?.
During PPV and peeling of the ILM with intravitreal ad-
ministration of triamcinolone-acetate, the possible cyto-
toxic effects on the ganglion cells of the retina must be
considered?.

In our patients, TA was always thoroughly removed
during vitrectomy. We consider its unfavourable effect on
the retinal structures as being very unlikely.

Studies are missing on anterograde transneuronal
degeneration with regard to time to reach cortical gan-
glion cells after retinal stimulus. We can only speculate
on the period of time being longer than 12 months. We
performed FMR 3-4 years following PPV with peeling
and all patients had a lower activity of fMRI following
light stimuli in both eyes, although more noticeably in the
operated eye. These results lead us to the confirmation of
our original assumption that peeling causes damage to the
ganglion cells of the visual cortex of the brain, not only on
the side of the peeling but also on the contralateral side.
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We must note that we used a very small group in our
study and we are aware of this factor. On the other hand,
there are very few studies aimed at fMRI in clinical oph-
thalmology and the groups of patients are smaller than
10 patients.

CONCLUSION

In patients with symptomatic partial macular defect
following EMM and ILM peeling, we recorded a signifi-
cant decrease in the activity in fMRI of the brain following
stimulation of the operated eye, compared to the control
group. We also found a decrease in activity in fMRI fol-
lowing stimulation of the contralateral eye. These findings
lead us to the conclusion that EMM and ILM peeling may
cause secondary impairment of the visual centres in the
brain, not only on the side of the surgical intervention but
also on the contralateral side.

ABBREVIATIONS

EMM, Epimacular membrane; fMRI, Functional
magnetic resonance imaging; ICG, Indocyanine green;
ILM, Internal limiting membrane; LMH, Lamellar macu-
lar hole; MPH, Macular pseudohole; OCT, Optical co-
herency tomography; PPV, Pars plana vitrectomy; TA,
Triamcinolone acetate.
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