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Visual field loss following vitrectomy for stage 2 and 3 macular holes

A

Combined orange (3 ms 460 Td-s 610 nm) and blue (3 ms 57 Td-s 460 nm)
stimulus on 32 Td 630 nm background

Foveal

(stimulus 10° circle on fovea)

1: cone b=50-0 ms, 7:129 pV

2: rod b=84-4, 16162 pV

Supernasal field=inferotemporal retina
(stimulus 10° circle centred 34-5° from
fixation, at 135°)

1: cone b=46-0 ms, 4-297 yV
2: rod b=94-8, 11-865 pV

Orange (3 ms 460 Td-s 610 nm) stimulus on 32 Td 665 nm background

Foveal

(stimulus 10° circle on fovea)

1: cone a-b=50-8 ms, 5-:859 pV

Supernasal field=inferotemporal retina
(stimulus 10° circle centred 31-5° from
fixation, at 135°)

1: cone a-b=52-4 ms, 1-66 pV

Figure 2(A) Demonstration of the focal ERG response (case 3). A combination of orange
and blue light (top) produces both a foveal and peripheral response. Orange light alone
(bottom) produces only a foveal response and fails to generate an ERG in the periphery of

the unaffected quadrant, as the rod resp

also d

to this length is poor. This phenomenon

rates that

ination of the focal ERG, due to light scatter, is not

significant.

operatively. Otherwise, fundal examination and
fluorescein angiography did not reveal any
other retinal pathology.

FOCAL ERG AND CCS THRESHOLDS

Focal foveal ERGs and VERs were preserved in
all affected eyes. Focal ERGs of 4.00-9.77 pV
(mean 7.38, SD 2.30, SE 1.03) were recorded
in the inferotemporal scotomatous quadrants,
and 3.36-9.61 pV (mean 6.74, SD 2.46, SE
1.10) in the unaffected inferonasal quadrants
(Fig 2, Table 2) of each affected eye. The
waveforms of the ERGs were, therefore, similar
in scotomatous and non-scotomatous quad-
rants. The ratios of focal ERG amplitude from
affected scotomatous quadrants/fovea and
from unaffected quadrants/fovea were compa-
rable in all eyes. Furthermore, focal ERGs
from affected quadrants were comparable with
quadrantic responses from fellow control eyes.
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CCS testing was carried out in three of five
affected eyes (one case had a congenital colour
vision defect and one had diabetes, which is
known to affect colour vision). In these eyes,
colour contrast was abolished in the scotoma-
tous areas. Colour contrast was, however,
recordable at the edges of scotomatous areas
and revealed elevated contrast threshold, par-
ticularly for protan, compared with points on
the same isoptre in unaffected quadrants and
in fellow eyes.

Discussion

We have described five patients who developed
peripheral field loss following routine macular
hole surgery, a phenomenon which has been
previously described in only one eye following
surgery for a stage 3 FTMH.” All eyes
developed an absolute peripheral scotoma,
affecting the inferotemporal quadrant, not
contiguous with the blind spot, which re-
mained stable. The consistent pattern of field
loss implies a common aetiology and site.

The observations presented in this study
confirm that field defects were caused by
retinal nerve fibre loss rather than outer retinal
damage. The preservation of the focal ERG in
the affected quadrant, with an absent colour
contrast threshold to protan, rules out outer
retinal pathology. Photoreceptor toxicity, due
to intraocular gas or autologous serum, and
outer retinal or choroidal ischaemia are there-
fore unlikely to play a role. Retinal vascular
occlusion would also appear unlikely in view of
the lack of clinical signs postoperatively, and
the lack of ERG b-wave abnormality."* '* Pres-
ervation of focal foveal VER and full VER
responses, which are dominated by the papillo-
macular region suggests that the RNFL was
largely intact in this area. The possibility of a
mechanical effect, from the gas bubble, on the
RNFL also appears rather remote, as similar
defects have been described after vitrectomy
and posterior cortical peeling for excision of
subfoveal choroidal neovascular membranes,"’
where gas tamponade was not used.

The precise location of nerve fibre damage
cannot be determined on the basis of the elec-
trophysiological tests available for this study, in
that the VEE measures overall retinocortical
function, while the ERG reflects outer retinal
function. Although the pattern ERG (PERG)
may be used to assess inner retinal function,
responses can only be analysed if the stimulus
is focused on the fovea and it is therefore of
limited use in detecting focal inner retinal
abnormalities.

However, considerable circumstantial evi-
dence indicates that the site of nerve fibre
damage is at the optic disc or peripapillary
RNFL rather than at the peripheral RNFL,
and is probably due to traction during cortical
vitreous peeling. Firstly, field defects have not,
thus far, been described in eyes undergoing
surgery for stage 4 holes, where the vitreous
cortex is already detached. Secondly, intraop-
erative observations during this manoeuvre
suggest that vitreopapillary traction occurs in
most cases, and that the firmest vitreous adhe-
sions occur at the optic disc and peripapillary
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Superonasal field=
inferotemporal retina

1: b=94 ms, 11:377 pV

Inferonasal field=
superotemporal retina

1: b=92-8 ms, 9:61 pVv

Superotemporal field=
inferonasal retina

1 1: b=91-6 ms, 12988 pVv

Foveal
(x2)

1: b=82 ms, 14:502 pV

Inferotemporal field=
superonasal retina

1: b=87-6 ms, 8:354 pV

Figure 2(B) Focal ERGs in case 3 (right eye) using a combination of orange and blue
light. Quadrantic and foveal responses are shown according to the area of retina stimulated
with respect to the perimetry chart. The focal ERG from the inferotemporal quadrant
(bottom right), within the scotoma, is preserved.

region (Gregor, Ezra, and Aylward, unpub-
lished data). This is invariably the most
difficult area of posterior vitreous cortex to
separate, irrespective of where the cortex is ini-
tially engaged and detached, and is accompa-
nied by papillary and peripapillary RNFL
elevation and superficial haemorrhages, just
before separation occurs, particularly at the
nasal papillary rim. Although most haemor-
rhages appear to be benign, (Gregor, Ezra, and
Aylward, unpublished data) they do indicate
that some vascular disruption in the RNFL, as
a result of tractional forces, does occur. In con-
trast, peripheral cortical vitreous peeling ap-
pears to be far easier, requiring far less aspira-
tion, and although accompanied by mild
rippling of the retina, is rarely associated with
haemorrhages.

Histopathological studies have also shown
that the most adherent areas of posterior corti-
cal vitreous are at the optic disc.'® Clinical
observations on the progression of uncompli-
cated spontaneous posterior vitreous detach-
ment (PVD) have confirmed this to be the last
area to separate.” In addition, vitreopapillary
traction has been observed in eyes which
develop optic disc haemorrhages'®* and pe-
ripheral field loss in association with spontane-
ous PVD.'® other retinal pathology.'2

Ezra, Arden, Riordan-Eva, Aylward, Gregor

All five eyes in our study demonstrated tem-
poral field loss which may reflect the fact that
vitreopapillary adhesions are firmer at the nasal
aspect of the disc and that greater forces are
required to separate them. This would cer-
tainly be in keeping with intraoperative obser-
vations, where the nasal aspect is the last to
separate and is the most frequent site of super-
ficial haemorrhage (Gregor, Ezra, and Ayl-
ward, unpublished data). Observations during
spontaneous PVD have also confirmed that
nasal papillary adhesions are the last to
separate'” and that the nasal rim is predisposed
to haemorrhages'®** which may be associated
with temporal field loss.'® The generalised field
constriction in case 4, in view of the absence of
an afferent pupillary defect suggests that it may
have been secondary to nucleosclerosis rather
than diffuse nerve fibre loss.

Finally, anatomical studies have shown that
axons in the RNFL, originating from more
peripheral ganglion cells, pass to the peripheral
optic nerve and the axons from more central
ganglion cells enter at the central portion of the
nerve head.” # The preservation of the blind
spot in all eyes in this study suggests that the
optic disc rim rather than the central portion is
affected and would correlate with the observa-
tions already cited. The partial altitudinal
component in case 5 also indicates that fibre
loss may have occurred predominantly at the
nasal rim, possibly due to microvascular
disruption in this area.

Although papillary and peripapillary traction
clearly occurs during cortical vitreous peeling,
its mechanical effects remain unclear. Whether
nerve fibre loss occurs as a result of shearing
forces or microvascular damage, or both, is a
matter for speculation. Furthermore, the pres-
ence of cardiovascular risk factors in three
patients may indicate a predisposition to nerve
fibre loss in cases with an already compromised
papillary and peripapillary circulation, where
insults to the nerve fibre layer are less well tol-
erated. The visual field loss documented in
these patients has implications for any vitreo-
retinal procedure involving posterior vitreous
cortex stripping. Careful surgical technique,
using the minimum amount of force to effect
vitreous separation, is clearly important. Pas-
sive aspiration may reduce tractional forces but
may not provide sufficient force to complete
the manoeuvre in all cases. The true incidence
of this complication following macular hole
surgery remains unclear, as subclinical field
defects may occur and remain undetected in
some patients. In this respect, prospective
studies comparing preoperative and postopera-
tive fields, in all subjects undergoing surgery
for stage 2 and 3 holes, appear warranted.
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