




retinal neovascularisation’’74 109 by the ‘‘smoke stack’’ leakage of
dye wafting in the vitreal fluid on FFA (fig 5D,E); rubeosis iridis
generates a similar convectional plume in the aqueous.83 This
contrasts with the relative confinement of leaking protein-
bound dye to the immediate vicinity of new vessels growing
within cortical gel (fig 5A–C). Retrosilicone oil neovascularisa-
tion is an example of preretinal angiogenesis prospering in the
absence of a vitreous substrate. The confines of the retrosilicone
space apparently ensure a rich concentrate of growth factors
and a self-perpetuating cycle of plasma leakage and deposition
of alternative angiogenic substrates such as fibrin.53 96 110 111

The limited availability of ECM substrates within the
neuroretina probably explains the virtual absence of intrar-
etinal revascularisation in PDR. However, in adults, a matting
of collagen fibrils is secreted into the superficial retina at its
extreme anterior limit.112 113 Provided RAVs extend to this
remote location, therefore, new vessels can proliferate intrar-
etinally before accessing the basal gel and anterior hyaloid
alongside heterotypic fibrils that penetrate the postoral ILL and
splice with those in the vitreous cortex (fig 8). Such ‘‘retrolental
neovascularisation’’ or ‘‘anterior hyaloidal fibrovascular pro-
liferation’’ first came to attention as a complication of

vitrectomy in eyes with untreated peripheral retinal ischaemia
and scleral buckling.96 114 However, it is now evident that,
irrespective of PVD or vitrectomy, a limited form of basal
vasoproliferation is often present in eyes with rubeosis iridis in
the guise of an oral ridge, best appreciated endoscopically.115

Stefansson et al79 116 have rejected the ‘‘vitreous substrate
hypothesis’’, proposing instead that improved inner retinal
oxygenation by fluid vitreous explains the absence of ODNVs
and postbasal PRNVs after complete PVD or vitrectomy.
However, although vitreous oxygenation can indeed protect
the innermost ganglion-cell axons from ischaemia,72 117 the
lower oxygen tension in diabetic vitreous will limit retinal
oxygenation through this route.118 Moreover, the concentration
of VEGF remains unchanged in the vitreous cavity after diabetic
vitrectomy, so hypoxia within the inner retinal GMP presum-
ably is not alleviated.119 Scatter endophotocoagulation is usually
necessary, therefore, to counter anticipated complications (such
as rubeosis iridis) arising from surgical interference with
barriers to intraocular diffusion of angiogenic molecules. This
is of particular concern in aphakic eyes and in phakic or
pseudophakic eyes with incidental or intended breaches in the
anterior hyaloid (‘‘pseudo-aphakia’’).81
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Figure 6 Delamination of fibrovascular
epiretinal membranes (ERMs). (A) Diagram
of scissors delamination; no untoward
bleeding from the cut ends of venous
neovascular peduncle. (B) Diagram of
viscodelamination; avulsion of the venous
neovascular peduncle from the retinal vein
while injected viscoelastic constrains
bleeding. (C) Diagram of spontaneous PVD
and peduncular avulsion; blood clot on
retinal surface (after McLeod and James110;
for clarity, venous neovascular peduncles are
depicted as containing only one channel
linking rete to retinal vein). (D) Fundus
photograph of left eye of a patient with PDR
taken within 2 h of onset of vitreous
haemorrhage; retrohyaloid blood clot
beneath and surrounding fibrovascular ERM.
Shrivelled segments of ERM where peduncles
have avulsed and have no rete perfusion
(arrowheads).
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VENOUS PEDUNCULAR AVULSION AND VITREOUS
HAEMORRHAGE
The reports from Davis and from Schepens’ group in 1965/6 also
suggested a role for PVD in precipitating vitreous haemorrhaging,
purportedly through its exerting traction on ‘‘unsupported’’ new
vessels.87 88 Then, in eyes with dehiscences in the vitreous cortex,
blood from the retrohyaloid compartment might penetrate into
the vitreous gel. However, this hypothetical mechanism of
haemorrhage induction has several shortcomings. First, the fragile
PRNVs are presumed to coexist alongside vascularised adhesions
capable of withstanding the forces of PVD and of transmitting
tractional forces into the retina. Secondly, Ballantyne’s histo-
pathological observations and what is known about MVI combine
to deny that PRNVs are ever ‘‘unsupported’’.2 9–12 Thirdly,
haemorrhaging typically occurs during the later stages of PDR
when PRNVs are entombed within fibrous tissue whose contrac-
tion contributes to the initiation of PVD.5 7

Defining the mechanism of haemorrhaging in PDR is proble-
matic because blood immediately clots in front of the retina before
lysing and dispersing (fig 6C,D). However, the physical con-
sequences of PVD are revealed during the now largely obsolete
microsurgical technique of ‘‘viscodelamination’’. Viscous injection
between the PHM and retina elevates the ERMs and stretches the
VNPs, facilitating en bloc disengagement of the vitreous cortex
and ERMs from the retina.110 120 As the controlled vitreoretinal
separation proceeds, however, bleeding frequently occurs albeit
the haemorrhage may be confined by the transparent viscoelastic
and the induced ocular hypertension (fig 6B). The source of
bleeding can then be identified as side-puncturing of the vein
walls as VNPs are avulsed, so it is the retinal vein (rather than the
preretinal neovasculature) that bleeds. VNP avulsion also
complicates other microsurgical dissection techniques, whether
ill-advised ‘‘peeling’’ of vascularised ERMs or, unintentionally,
during segmentation or delamination.

This disruptive mechanism parallels Weiss ring formation
during rhegmatogenous age-related PVD,121 122 and various
degrees of ERM–retinal cleavage result. As noted, partial ERM
avulsion will cause flat new vessels to become forward vessels
(with or without neovascular exacerbation), but no bleeding
arises without VNP avulsion (fig 7B). Rarely, the ERM becomes
entirely disconnected from the retina other than through feeder
vessels that traverse the retrohyaloid space and maintain rete
perfusion (fig 5C).1 5 Complete ERM and peduncular avulsion
(fig 7D) will result in haemorrhaging from the arterialised
retinal veins, and empty ‘‘ghost vessels’’ may then be
discernible within the aerialised ERMs embedded in the
detached PHM. Most frequently, however, avulsion of part of
a fibrovascular ERM, including one or more VNPs, will
precipitate bleeding (fig 6C,D), while only the affected ERM
segments undergo autoinfarction (assuming no rete anasto-
mosis).

Vitreous haemorrhaging in PDR is thus an inherently self-
healing process. The venous bleeding point seldom leaks after
puncture repair, and the non-availability of a vitreous substrate
ensures that there is no further PRNV growth locally. Each
haemorrhage is potentially a step towards eventual cessation of
bleeding through completion of PVD or attainment of a residue
of stable vitreoretinal adhesions that are not susceptible to
avulsion. The absence of PRNVs or ODNVs from an eye
containing a vitreous haemorrhage does not necessarily imply
that PDR was not its cause (given the bleeding mechanism’s
ephemeral nature), while the discovery of new vessels in an eye
with a vitreous haemorrhage does not dictate that these were
responsible for the bleeding. Moreover, prior regression of
neovascularisation and shutdown of rete perfusion does not
guarantee protection from PVD-induced VNP avulsion and
vitreous haemorrhaging. This has implications for defining
clinical end points when assessing antiangiogenic treatments.

Figure 7 Fibrovascular epiretinal
membranes (ERMs) and neovascular
peduncles. (A) Brush of capillary loops
(between arrowheads) proliferating along
detached posterior hyaloid membrane
(PHM) towards vitreous base; loops arise
from edge of mature ERM causing
underlying tractional retinal detachment. (B)
Macrophotograph from a hemisected eye
postmortem; incomplete detachment of
vitreous with taut PHM; point adhesion of
vitreous to retina through venous
neovascular peduncles (VNP; arrowhead)
and zonal adhesion over optic disc. (C)
Macular retina after vitrectomy; amputated
peduncle (arrowhead) at the apex of a
drooping ‘‘lambda (l) vascular loop’’
comprising major inferotemporal vein and
artery; these vessels were earlier ‘‘extracted’’
from retina by anteroposterior traction
exerted through the VNP, which presumably
originated near the region where the vessels
were crossing. (D) Arc of completely avulsed
and avascular ERMs (arrowheads) within
detached vitreous cortex; retrohyaloid
haemorrhage partially obscures retina nasal
to disc.
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PREPAPILLARY NEOVASCULARISATION AND OPTIC
DISC STALK FORMATION
The reports from Dobree and Taylor (1964, 1970)7 82 also
demonstrated that ODNVs are generally more extensive than
PRNVs when first identified in the clinic, and they evolve more
rapidly through their developmental stages. FFA later showed
that eyes with ODNVs have more extensive capillary closure
than those with PRNVs alone, and that the posterior margin of
mid-peripheral ischaemia is closer to the disc.45 Issues of
proportionality and proximity aside, however, an exaggerated
responsiveness of ODNVs has been postulated and variously
ascribed to deficiencies in papillary tissue barriers (for instance,
the thin ILL), to posterior drainage of vitreal fluid through the
disc, or to ‘‘priming’’ by primary hyaloid remnants.6 8 53 123 The

abundance of prelaminar adventitial substrates, as well as
haemodynamic factors such as the vascular waterfall within the
central retinal vein (CRV) may also contribute. Occasionally,
ODNVs seem to originate from the arterial supply to the optic
nerve head rather than the CRV or its tributaries.55 124 125

By definition, there is no secondary vitreous within the
posterior expansion of Cloquet’s canal that encloses the optic
disc. An epipapillary angiogenic substrate nonetheless exists,
enabling ODNVs to traverse the roof of the physiological cup
after emerging from the disc rim1 5 45 and also to form a rete,
confined to the disc, in some eyes with complete PVD (as
confirmed by smoke-stack disc fluorescence).107 Provided the
vitreous remains attached to the peripapillary retina, however,
ODNVs can undergo seemless, multidirectional, epiretinal
extension using the secondary vitreous cortex as their
substrate. Membranes containing ODNVs may then coalesce
with juxtapapillary fibrovascular tissue arising from the retinal
veins. Alternatively, feeder vessels with no connection to the
underlying retinal vasculature supply preretinal networks that
are exclusively papillary in origin (fig 1C). Vasoproliferation
anteriorly along Cloquet’s canal is an occasional accompani-
ment (fig 9A).

A stalk of fibrovascular tissue sometimes emanates from the
disc in advanced PDR (fig 9B). Its formation can be attributed
to the effects of PVD on juxtapapillary preretinal fibrovascular
tissue that becomes forwardly disposed as the cortical vitreous
separates from the retina. Fibrous contraction then creates a
perpendicular structure with a horizontal rete at its point of
attachment to the detached PHM.106 126 The amount of
associated bleeding (if any) reflects the number of retinal
VNPs avulsed in the process, while spontaneous avulsion of
ODNVs from the CRV also occurs occasionally (fig 9C,D). This
entity is not to be confused with a ‘‘residual optic disc stalk’’
fashioned during segmentation of coalescent preretinal and
prepapillary fibrovascular membranes, and which some sur-
geons prefer to avulse from the CRV and remove despite the
risk of major haemorrhage.127

CONCLUSIONS
The clinical definition of PDR is that of preretinal and
prepapillary vascular rete formation. This has the advantage
of pragmatism in predicting PDR’s haemorrhagic and tractional
sequelae, but is arbitrary. Indeed, to distinguish PDR from
‘‘preproliferative’’ or ‘‘severe non-proliferative’’ retinopathy is
to obscure their pathophysiological commonality.1 5 Reflecting
the findings of Ballantyne (1946)2 and Taylor and Dobree
(1970),82 MVI is proposed as the fundamental link between
venous budding, arteriovenous fistulae, VNPs, feeder vessels,
rete mirabile, abortive neovascular outgrowths, venous redu-
plications and omega loops.

Michaelson (1948), Ashton (1950) and then Wise (1956) in
turn predicted, demonstrated and then elucidated the intrar-
etinal vascular changes underpinning the various vasoproli-
ferative lesions of PDR.6 18 42 By virtue of comparable gradients
of hypoxia developing within the neuropile, diabetic capillary
closure can be reconciled with cerebrovascular occlusions
where penumbral neuronal rescue rather than angiogenic
revascularisation was of prime interest until recently. Growth
factor receptor upregulation in the retinal venous endothelium
and its adventitia appears to be instigated by biomechanical
stress as well as by the chronic GMP, and the RAVs have a role
in generating both. A reduction in the volume of the GMP and
neovascular regression follows tissue revitalisation by reox-
ygenation or, equally, tissue necrosis by apoptosis. In future,
using physiological imaging to map the GMP may foster a more
rational and potentially sight-enhancing approach to photo-
coagulation treatment.
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Figure 8 Basal vasoproliferation. (A, B) Sections from an otherwise
unoperated eye excised for diabetic rubeosis iridis (courtesy of Dr R
Bonshek). (A) Oral ridge of vasoproliferation (arrowhead) with detail (B)
showing intraretinal vessels extending into basal vitreous. (C) Scanning
electron microscopy of the undersurface of postoral ILL from normal eye
after retinal cell digestion: angiogenic substrate from sublaminar matting of
skeins of heterotypic fibrils (Wang et al).112
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Stimulated by the observations of Davis (1965) and
Schepens’ group (1966), preretinal neovascularisation came to
be recognised as being subject to the presence of an appropriate
and accessible ECM substrate.87 88 Indeed, nowhere in the entire
realm of clinical pathology is the importance of integrin-
dependent vascular cell adhesion more clearly evident than at
the postbasal vitreoretinal juncture. The virtual absence of
retinal revascularisation after capillary closure, and variations
in angiogenetic responses in the vitreous base and optic nerve
head, are similarly explained. When the vitreous ECM detaches,
however, the origins of the VNPs from the retinal veins are
exposed as the points of greatest mechanical weakness within
the neovasculature.
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Figure 9 Fundus photographs of disc area.
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haemorrhage and showing complete
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process. In addition, impression cytology
can be used to monitor recurrences in
patients with previously treated OSSN in
the outpatient setting.

Although impression cytology only allows
sampling of the superficial cell layers,1 the
sensitivity of this technique has been docu-
mented at 70% when the lesion is found to
be invasive by histology.2 Consequently,
some invasive lesions may still be missed.
We anticipate that there are likely to be
further improvements to the technique of
impression cytology to make it more logis-
tically simple and less time-consuming, with
perhaps an increase in sensitivity. In the
meantime, we agree that it is a useful, often
underused, complementary investigation in
the management of OSSN.
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Corrections

doi:10.1136/bjo.2006.109199corr1

D McLeod. A chronic grey matter penumbra,
lateral microvascular intussusception and
venous peduncular avulsion underlie diabetic
vitreous haemorrhage (Br J Ophthalmol
2007;91:677–89). On page 679 (left column,
line 22) the sentence should read: ‘‘Eventually,
the VEGF/VEGFR2 system is massively
expressed within and immediately surround-
ing those veins giving rise to the new vessels as
well as, and in continuity with, the preretinal
neovasculature itself.’’

In the credit for the December 2007 cover
‘‘The Royal College of Ophthalmologists’’
was incorrectly referenced as ‘‘The Royal
College of Ophthalmology’’. In addition the
following information should have been
published about the cover image:

The double wheel Phoropter was made by
Davidson & Co of Great Portland Street,
London in about 1902. It is made of a wood
surround which holds in the lenses the
whole mounted on a brass stand. It was
designed to facilitate the easy and quick
introduction of a range of lenses for retino-
scopy. Similar models had a chin rest for the
patient and a reading chart suspended from
the front of the instrument stand. The firm
of Davidson made a range of testing room
equipment including a perimeter, a mono-
cular microscope of 306magnification and a
Worth-Black amblyoscope.

Courtesy of Mr Richard Keeler, Curator,
Museum of the Royal College of
Ophthalmologists.

We apologise for these errors.

Notices

Second Sight

Second Sight would like to hear from experi-
enced Indian eye surgeons returning to India

after training/working in the UK. Second
Sight is a London based charity dedicated to
the elimination of cataract blindness in India.
Further details: Dr Lucy Mathen, lucymathen@
yahoo.com.

Inaugural Asia Cornea Society Scientific
Meeting

13–14 March 2008, Shangri La’s Rasa Sentosa
Resort, Singapore.
Further details: Fax +65 6227 7291; Email:
acs@snec.co.sg.

Singapore National Eye Centre – 18th
Anniversary International Meeting

14–17 March 2008, Suntec City Convention
Centre, Singapore.
Further details: Tel: +65 6322 8374; Fax +65
6227 7290; Email: meet@snec.com.sg.

World Ophthalmology Congress (WOC) 2008

28 June–2 July 2008
Abstract submission deadline: 15 Dec 2007.
Early bird registration: 31 Jan 2008
Further details: Email: info@woc2008hongkong.
org; Website: www.woc2008hongkong.org

2008 International Agency for the Prevention of
Blindness (IAPB) 8th General Assembly

28 July–2 August 2008, Centro de
Convenções Rebouças, Sao Paulo, Brazil.
Further details: Email: agency@lvpei.org.

Neuro-Ophthalmology and Strabismus – 2008
European Professors in Ophthalmology (EUPO)
Residents’ Course

5–6 September 2008, Geneva, Switzerland.
This course organised by Professor Avinoam
B Safran will provide an overview and an
update on recent advances in neuro-ophthal-
mology and strabismus.
Further details: Website: http://eupo.eu.
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