


end point dilution test, conducted according to ISO 10993/EN
30993 standard by KEMA Medical, Netherlands).

Surgical technique
Fourteen consecutive patients with idiopathic macular hole or
macular pucker underwent a three port pars plana vitrectomy,
including where necessary the induction of a posterior
vitreous detachment and a fluid/air exchange. A volume of 0.5
ml TB 0.06% solution was injected into the air filled vitreous
cavity over the posterior pole. After 2 minutes, still under air,
the dye was removed using a flute needle. An air/fluid
exchange was then carried out. The ILM and the ERM was
stained a faint blue colour and was clearly visually under
standard illumination. The blue stained tissue was directly
engaged with the intraocular forceps (Microforceps: Eckardt
End Gripping Forceps, DORC International bv, Scheijn-
delveweg 2, 3214VN Zuidland, Netherlands) to create a flap
and then peeled from the nerve fibre layer plane usually in a
capsulorrhexis fashion.10 In the patients with macular hole, we
injected 0.1 ml of platelets concentrate as per our normal rou-
tine for the treatment of macular holes. C3F8 gas mixture, 14%,
was used and the patients were postured supine for 3 hours
immediate postoperatively, followed by a prone position for 50
minutes in every waking hour for 2 weeks. In the patients with
macular pucker, routine closure, and no tamponade agents
were used.

Light microscopy and immunohistochemistry
Specimens were fixed in 10% neutral buffered formalin, dehy-
drated in graded concentrations of ethanol, and embedded in
paraffin wax. Sections of wax embedded tissue were cut,

dewaxed, and stained with haematoxylin and eosin. Further
sections were stained with periodic acid Schiff (PAS) method.
A record was made of the presence or absence of ILM and cells
in the tissue.

Immunohistochemical methods were used to detect glial,
retinal pigment epithelial (RPE) cell, or neural elements in the
tissue.11 The antibodies employed were mouse monoclonal
antibodies to glial fibrillary acidic protein (GFAP), a broad
spectrum of cytokeratins and neurofilament protein (NFP)
respectively (all from Dako, Ely, UK). Immunoreactive sites
were visualised red (using 3-amino-9-ethylcarbazole or fast
red). Controls were conducted as previously described.11

Sections were counterstained with Mayer’s haematoxylin and
examined by bright field microscopy.

RESULTS
Clinical findings
Patient demographics, diagnosis, and outcome were tabulated
in Table 1. Mean patient age was 60.7 (range 38–68).
Preoperative best corrected Snellen visual acuity ranged from
1/60 to 6/6. Postoperative best corrected Snellen visual acuity
ranged from 5/60 to 6/6. Vision was improved or maintained in
all 14 (100%) patients. Eight patients (57%) had improvement
of 2 or more Snellen line. The mean follow up period was 4.4
months (range 2–6 months). All seven macular hole cases had
successful closure of the hole. At the latest follow up, when
examined clinically using biomicroscopy, none of the seven
ERM cases showed any evidence of residual membranes or
recurrence. In all 14 eyes, the ILM or the ERM was adequately
stained and visualised. After initiation of the flap, ILM and

Table 1 Patient demographics, diagnosis, and outcome

Patient No Sex/age Preop VA
Condition/staging or
aetiology

Postop
VA/(follow up)
(months)

Anatomical
outcome

1 F 68 1/60 MH/ IV 6/24 (6) Closed
2 M 47 6/36 ERM/PVR 6/36 (5) Flat
3 F 77 6/18 MH/ III 6/12 (4) Closed
4 M 49 6/6 ERM/idiopathic 6/6 (4) Flat
5 F 58 6/60 ERM/idiopathic 6/18 (4) Flat
6 F 68 6/36 MH/ III 6/24 (2) Closed
7 F 67 6/36 MH/ IV 6/18 (2) Closed
8 M 38 6/24 MH/ III 6/9 (2) Closed
9 F 54 6/18 ERM/PVR 6/12 (2) Flat
10 F 68 6/36 MH/ III 6/18 (4) Closed
11 F 57 6/12 ERM/PVR 6/6 (2) Flat
12 F 58 3/60 ERM/PVR 6/24 (2) Flat
13 F 73 2/60 ERM/BRVO 6/18 (2) Flat
14 M 68 5/60 MH/ III 5/60 (2) Closed

VA = best corrected Snellen visual acuity, Staging = as per Gass classification,19 MH = macular hole, ERM =
epiretinal membrane.

Table 2 Histopathological findings in the excised epimacular specimens

Patient No
Clinical
diagnosis ILM ERM morphology GFAP NFP Cytokeratins†

14 MH + M + + −
6 MH + − NA NA NA
7 MH + − NA NA NA
8 MH + − NA NA NA
2* ERM + F/C + + −
4 ERM + F/C + − +
5 ERM + F/C + + −
13 ERM + M + − −
12 ERM ? F/C NA NA NA

MH = macular hole, ILM = internal limiting membrane, ERM = epiretinal membrane, GFAP = glial fibrillary
acidic protein (a marker of glial cells), NFP = neural fibrillary protein (a marker of nerve cells), M = cellular
monolayer, F/C = fibrocellular, ? = uncertain, NA = not available.
*Fragment of neural retina present in specimen; †A marker of retinal pigment epithelial cells.
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ERM were clearly seen and grasped with intraocular forceps.
There was a distinct contrast between stained ILM/ERM and
unstained retina thus, enabling and facilitating the complete
removal of these tissue (Fig 1). Where possible, the ILM was
removed up to both superior and inferior temporal arcades. No
intraoperative or postoperative complications were observed.
Attempts were made to retrieve the surgically excised tissue
from each case. The harvesting of small ERM and vitreous
specimens such as ILM is notoriously difficult.12 Using TB,
however, we were successful in collecting nine out of 14 speci-
mens, including four out of seven ILM, for histological evalu-
ation (Table 2).

Histopathological findings in macular hole ILM
specimens
ILM was observed in all four of the macular hole specimens
that were examined microscopically (Table 2). One of these
specimens (from patient No 14) also contained an unexpected
cellular component. These cells were on the smooth (vitreous)
surface of the ILM (that is, they constituted an ERM) and
immunohistochemistry revealed that they were glial in origin
(Table 2, Fig 2). A NFP immunoreactive focus was noted in this
ERM (Table 2, Fig 2) but no RPE cells were detected in the
specimen. Glial elements were seen on the retinal (corru-
gated) side of the ILM, but neural elements were not apparent
on this side of the ILM (Fig 2). There was insufficient tissue in
the remaining macular hole specimens for immunohisto-
chemistry.

Histopathological findings in macular pucker ERM
specimens
Four of the five ERM retrieved for histology contained ILM
and all five also included a cellular or fibrocellular component

(Table 2). In one specimen (from patient No 2), there was also
a distinct fragment of neural retina (Fig 3).

In four of the five ERM cases there was sufficient tissue to
undertake immunohistochemical assessment and all of these
specimens contained glial elements. In addition, two of the
ERM (from patient No 2 and 5) contained neural elements
(Table 2). RPE cells were detected in one of the specimens
(from patient No 4). Glial and neural elements on the retinal
side of the ILM was observed in the retinal fragment from
patient No 2 and glial elements were also noted on the retinal
side of ILM in two other specimens (from patients 5 and 13).

DISCUSSION
In cataract surgery, staining of the anterior lens capsule with
a vital dye was found to be extremely useful in visualisation of
the anterior capsule to facilitate capsulorhexis. Similarly, the
dye could be used as an aid to stain internal limiting
membranes and epiretinal membranes in posterior segment
surgery.

Figure 1 Operating microscope view demonstrating the continuous
ILM peel in progress. A triangular flap of ILM is seen being peeled
by forceps. Arrowheads indicate the area of ILM peeled in contrast
with the unpeeled trypan blue stained ILM

Figure 2 Photomicrographs of the tissue removed from a macular hole case (Patient No 14). Sections have been stained by
immunohistochemistry for glial (A) or neural (B) elements (red chromogen, haematoxylin counterstain). In (A), glial cells (stained red) can be
seen on the smooth surface of the folded ILM. There are also foci of glial immunoreactivity on the corrugated (retinal) side of the ILM (arrows).
In (B), a neural element (arrow) is seen in the epiretinal tissue, but no neural component is seen on the retinal side of the ILM (original
magnification ×600).

Figure 3 Photomicrograph of the ERM specimen from patient No
2, showing a fragment of retinal tissue (R) to which the fibrocellular
ERM (E) is adherent (haematoxylin and eosin, original magnification
×300).

218 Li, Wong, Hiscott, et al

www.bjophthalmol.com

 group.bmj.com on February 13, 2012 - Published by bjo.bmj.comDownloaded from 

http://bjo.bmj.com/
http://group.bmj.com/


ICG has been shown to be helpful in staining ILM and thus
facilitating its removal.1–5 Although it has been used in human
for many years and shown to be not toxic, there is growing
evidence that this might not entirely be the case. Gandorfer et
al3 suggested that the cleavage plane of ILM with ICG staining
might be more retinal than expected. Histopathology from
their series showed plasma membranes of Muller cells on the
retinal surface of the ILM. Weinberger et al13 reported persist-
ent ICG fluorescence 6 weeks after ILM peel with the use of
ICG in a case of macular hole surgery. All these factors might
limit the potential of visual recovery if ICG is used to stain
ILM.

TB is mainly used in anterior segment surgery to stain
human corneal tissue for identification of devitalised endothe-
lial cells14 and in staining anterior capsule in cataract
surgery.9 It has recently been found that it might have a role in
posterior segment surgery as well. Feron et al8 reported the
usefulness of TB in aiding removal of proliferative vitreoretin-
opathy (PVR) membranes.

The morphology of the macular hole ILM and macular
pucker ERM specimens removed with TB is generally similar
to that of macular hole and macular pucker membranes
removed without the aid of a dye.15 For example, as has been
observed in membranes removed without the aid of dye, ERM
associated the PVR, idiopathic macular pucker and macular
hole generally contained ILM and glial cells. The observation
of ILM in the TB stained PVR membranes differs from a report
by Feron and colleagues, who did not find ILM in the
specimens of ERM peeled with TB staining in their cases of
PVR.8

In addition to ILM, a fragment of neural retina was
observed in one ERM. Moreover, glial elements were found on
the apparent retinal side of the ILM in two other macular
pucker membranes and in the macular hole specimen with a
clinically silent ERM. The presence of glial and/or neural com-
ponents on the retinal side of the ILM would suggest retinal
damage and is consistent with the findings of a recent electron
microscopic ILM study by Gandorfer and coworkers.3 How-
ever, Gandorfer and associates3 attributed their findings to the
use of ICG whereas our observations suggest that, at least
where ERM are present, the dye is not responsible for the
presence of retinal elements on the ILM. Indeed, similar frag-
ments may also be seen in ERM specimens removed without
any dye.15 The use of dye may or may not influence the surgi-
cal cleavage plane which may be also be influenced by surgical
technique.16

Conversely, in three specimens (one macular hole specimen
and two of the ERM) neural elements appeared within the
epiretinal tissue. The presence of neural tissue on the vitreous
side of the ILM is interesting. This finding might be explained
by recent work by Sethi et al17 which suggests that neural ele-
ments found in PVR membranes may reflect outgrowth from
the retina into the developing membrane.

Our choice of 0.06% TB is supported by the possible toxicity
to photoreceptors in higher concentration in animal studies.18

From our experience, TB stained both ILM and ERM

adequately allowing complete removal. ICG has been shown to
stain ILM selectively2 and with increasing evidence of its
toxicity,3 7 13 TB might be a better alternative for staining ILM
and ERM. Although the preliminary results with the use of TB
look promising, its long term safety in vitreoretinal surgery
requires further in-depth study.
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