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Anterior Segment Ischaemia
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Anterior Segment Ischaemia or Anterior Seg-
ment Necrosis (ASI), (Figure 1) was first
described by Schmidt' in 1874 and Hayreh?
states that it has occurred in association with
aortic arch syndrome, carotico-cavernous fis-
tula,’ acute angle closure glaucoma, irradia-
tion, herpes zoster ophthalmicus, rubella,
retinal detachment, sickle cell disease and a
variety of other conditions. It may also occur
spontaneously in high myopes; but the vast
majority of cases follow either strabismus sur-
gery with detachment of rectus muscles or ret-
inal detachment surgery. Anterior segment
ischaemia following experimental transposi-
tion in monkeys was described but not recog-
nised by Leinfelder and Black in 1941,* and
was first described after three muscle trans-
position surgery in humans by Stucchi and
Bianci in 1957.° Anterior segment ischaemia
after retinal detachment surgery was first
described by Wilson and Irvine in 1955° fol-
lowing encirclement and has since been
described following encirclement and scleral
buckling procedure with and without rectus
muscle detachment’ and following scleral
buckling alone.* Hayreh’ has also produced
the condition experimentally by occlusion of
the vortex veins.

The symptoms and signs of ASI syndrome
are generally well known, although happily,
most ophthalmologists have not induced the
condition. It is worth noting that the clinical
syndrome is slightly dissimilar following
strabismus surgery and retinal detachment
surgery, clearly reflecting the different patho-
genesis. With  both aetiologies the

patient complains of pain, photophobia and
blurred vision initially, often at the first dress-
ing, or a day or so later. Following squint sur-
gery the signs include conjunctival oedema,
deep anterior chamber, flare and cells, pupil-
lary distortion and dilation, lens opacities and
hypotony with later iris atrophy. The com-
monest long-term symptom is photophobia
secondary to pupil changes and iris atrophy,
which tends to persist. The syndrome after
detachment surgery, although similar, usually
has shallowing of the anterior chamber,
marked flare, the intra-ocular pressure is
more commonly raised rather than lowered
and the eye is generally more congested.

How common is anterior segment ischaemia?
Exact figures for this are hard to obtain and
rely on retrospective case analysis and ques-

Fig. 1.

Rught eye. Acute anterior segment ischaemia
on the first post-operative day following superior and
inferior rectus recessions, showing chemosis, striate
keratitis and irregular dilated pupil.
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tionnaires. Simon et al."” in 1984 reported a
large series of cases of ASI following strabis-
mus surgery. The study was published in J Ped
Ophthalmol & Strabismus with a discussion
by France, and clearly led to discussion of
prevalence, because in 1986 France and
Simon''reported the findings of a postal ques-
tionnaire study sent to all members of the
American Association for Pediatric Ophthal-
mology and Strabismus (AAPOS) regarding
ASI. Questions asked included the type of
operations resulting in ASI, medical history,
age of patient and the reported incidence per
strabismus operation was estimated at
1:13,333. This figure has been widely
reported but it must be remembered that
these were cases of severe ASI (Grade4,
Infarction by clinical and fluorescein grad-
ing'?) which had significant signs and symp-
toms. Also, this figure represents all
strabismus operations, horizontal and verti-
cal, children and adults. We reported prelimi-
nary results on a prospective series,'? using iris
angiography, of adult strabismus surgery in
which signs of anterior segment ischaemia
were detectable (pupil changes and/or mild
uveitic signs) but not severe in six out of 35
adult cases (all types of surgery), although no
case showed the full blown disease. This study
has since been expanded and it is of note that
out of 41 patients undergoing primary vertical
rectus muscle surgery four patients developed
symptomatic Grade 3 ASI with uveitis
between three and seven days following two
muscle surgery; in one of these patients
marked pupil distortion and photophobia
resulted longterm. That patient has since died
from oat cell carcinoma. The majority of such
cases, unless carefully assessed with anterior
segment angiography, will be labelled ‘post-
operative’ uveitis, and will usually spontane-
ously improve.

The frequency of ASI following scleral
buckling procedures has been reported clini-
cally as high as 3% in non-sickle cell patients
increasing to 71 % in sickle cell haemaglobino-
pathy.” A histopathological study” of 49 eyes
obtained at post mortem that had previously
had retinal detachment surgery found that
four eyes all within 16 days post-surgery
(8.2% of total) showed evidence of ASI with
ciliary epithelial necrosis, but there was no
available correlation with clinical signs.

What kind of surgery causes ASI?

The traditional received wisdom is that two
rectus muscles can be safely detached in one
procedure, but that three or more are danger-
ous. The AAPO&S study supports this view,
with transpositions and Jensen procedures
having the highest rate of ASI, although some
two muscle procedures also caused the prob-
lem. The sole case of ASI that one of us (JPL)
has had was in a woman of 40 years (see
Figure 1) who had surgery on both vertical
recti of one eye twenty years after horizontal
rectus surgery, but in whom re-exploration of
the deep episcleral vasculature may have dis-
turbed important collaterals and precipitated
sector infarction. Fells and Marsh'* also
described ASI after two rectus muscle
surgery.

Hayreh and Scott" have demonstrated that
vertical rectus muscle surgery produces corre-
sponding segmental delay in adult patients
immediately post-operatively. In our clinical
study'? we identified not only that primary
vertical rectus muscle surgery resulted in
reproducible sector-delay but that secondary
vertical rectus muscle surgery (subsequent
surgery on the same muscle) did not. This
observation, together with episcleral angio-
graphic findings of the strabismus surgical scar
led us to appreciate that following initial sur-
gery, further surgery on the same muscle was
unlikely to cause further delay since resto-
ration of blood flow was largely by remodell-
ing of the collateral circulation and not
recanalisation of the anterior ciliary arteries.
This has since been confirmed in an experi-
mental squint model using vascular casting.'®

The vascular anatomy of the anterior seg-
ment is an important consideration in strabis-
mus surgery. Vertical recti carry a greater
contribution relative to the anterior segment
via the anterior ciliary arteries in man, whilst
the medial horizontal anterior ciliary arteries
are supplemented by the medial long pos-
terior ciliary artery supply and the lateral
anterior ciliary artery does not itself normally
contribute to the uveal circulation.

Clearly three rectus muscle surgery will
involve either one or two vertical recti, and
therefore an increased risk of anterior seg-
ment ischaemia. Since the lateral rectus ACA
makes no direct contribution to the anterior
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segment, a combination of superior, inferior
and medial rectus is likely to be the most
potentially disastroussurgery. This, of course,
is the combination one would wish to use in
surgery for unrecovered sixth nerve palsy, but
such procedures are the most hazardous.
Transposition alone carries an additional risk
of developing ASI if the lateral perforators
are damaged, since remodelling following
squint surgery is located partly in the epi-
scleral collaterals.

Itisless easy to be sure what kind of surgery
causes ASI after retinal detachment, but it is
clearly multifactorial and may involve a com-
bination of procedures; long posterior ciliary
artery occlusion and vortex vein occlusion fol-
lowing encirclement or scleral buckles with
anterior ciliary arteries either being damaged
directly by detachment of a rectus muscle
(rarely practiced now) or indirectly during
tractional manipulations. Chignell and
Easty'” described iris angiographic changes
following retinal detachment surgery in the
absence of symptomatic ischaemia. Hayreh'®
has suggested that the common factor in all
responsible detachment surgery is engorge-
ment of the venous compartment of the
anterior segment by interference with pos-
terior drainage of venous blood to the vortex
veins.

A number of case reports have emphasised
the role of other predisposing factors in ASI.
Otherwise ‘safe’ surgery has precipitated the
condition in patients with carotid insuffi-
ciency,” chronic lymphatic leukaemia® and
other hyperviscosity states.

What is the mechanism of ASI?
The presumed sequence of events is hypoper-
fusion>tissue hypoxia>cell death>inflam-
matory response. Clearly this sequence may
be interrupted at any point, and may not pro-
gress all the way. Similarly, the potential for
manipulating each stage medically also exists.

In squint surgery, interruption of the
anterior ciliary arteries (ACA) may be
accompanied by other disruption of the deep
episcleral collateral vessels (anterior epi-
scleral arterial circle and scleral perforators)
between the ACAs either by cautery or sur-
gical trauma.

In detachment surgery, although the ACAs

are obstensibly spared, large explants and
over liberal cautery may cause insufficiency.
In addition, there may be interference with
the long posterior ciliary arteries (LPCAs) by
encirclement or plombs. Venous engorge-
ment, as suggested by Hayreh, may be caused
by the same means.

Hypoperfusion is clearly a pre-existing fac-
tor in carotid insufficiency, carotico-cavern-
ous fistula and hyperviscosity states.

Experimental studies of the anterior ocular
circulation

(a) Relative contributions of ACAs and
LPCAs

Wilcox and Keough in a series of experi-
ments* > between 1980 and 1983 involving
perfusion of labelled microspheres in mac-
aque monkeys following various patterns of
selective rectus tenotomy concluded that the
ACAs had a greater importance than the
LPCAs. Virdi and Hayreh® in 1987 con-
ducted a large experiment on a series of pri-
mate eyes using angiography and examination
after a variety of rectus muscle disinsertions.
Severe ASI followed detachment of all four
recti, whereas occlusion of the LPCAs pro-
duced no detectable effect. They also pointed
out that secondary or staged surgery had a
protective effect, that, when all four recti
were removed in two stages, no ASI occurred,
suggesting some remodelling of the circula-
tion. In both these studies it is worth noting
that the experimental subjects were relatively
‘youthful’ and an experimental study on
elderly primate eyes has yet to be undertaken.

(b) Anatomical studies of the anterior
segment vasculature

(i) Vascular casting studies

One of the advantages of scanning electron
microscopy of vascular casts is that arteries
and veins can be clearly differentiated by their
characteristic endothelial nuclear impres-
sions. Morrison and Van Buskirk elegantly
demonstrated a three tiered collateral supply
of the anterior segment in monkeys,” from
sequential micro-dissection of corrosion
casts. These consisted of an anterior episcleral
arterial circle, intra-muscular arterial circle
and major arterial circle. In man® a similar
but not identical morphology exists. The



4 J. P. LEE AND J. M. OLVER

intra-muscular circle is not a complete circle;
intra-muscular arteries arise as branches of
the long posterior ciliary arteries from which
anterior communicating arteries supply the
major arterial circle. Perforating branches of
the medial anterior ciliary arteries connect to
the intra-muscular arteries. The intra-muscu-
lar arteries travel progressively anteriorly
towards the limbus to merge with the major
arterial circle. However, the major arterial
circle vertically is supplied directly by perfor-
ating branches of the vertical anterior ciliary
arteries. The major arterial circle is composed
of overlapping circumferential segments and
is also not a complete circle. The anterior
episcleral arterial circle exists also in man,
formed by the anterior ciliary arteries. The
lateral anterior ciliary artery however does
not directly connect with the deep collateral
circulation.***%

(ii) Fluorescein angiographic studies

Low dose fluorescein angiography enables us
to study the episcleral arterial collaterals in
man in detail.”® Our own observations confirm
the findings by several other authors®* that
direction of blood flow in the anterior ciliary
artery scleral perforators is frequently from
within the eye outwards. However, the clini-
cal, experimental and anatomical evidence in
man demonstrates functionally that vertical
and medial anterior ciliary arteries are normal
contributors to the anterior uveal blood
supply. This apparent paradox may be
explained by differing flow dynamics in ago-
nist and antagonist muscles and the metabolic
requirements of the ciliary body.

Practical Advice
What is safe to do in strabismus surgery?
In general, for primary rectus muscle surgery,
two horizontal recti are always safe, unless a
predisposing factor exists. Three muscles
including one vertical rectus is also safe under
the same conditions as long as the anterior
episcleral arterial circle is treated with care.
Two vertical recti or three muscles includ-
ing two vertical recti are much more likely to
cause ASI as the vertical recti, as already
observed,'>'® make a large contribution to the
anterior ciliary circulation and anterior uveal
circulation.

We'? and Virdi and Hayreh? have shown
clearly the effect of staged surgery, that is to
say subsequent detachment of different rectus
muscles after initial rectus muscle surgery
(our use of the term secondary surgery is
restricted to second surgery on the same
muscle and not used for staged surgery).
Although we could expect a cumulative effect
on the anterior segment circulation, in fact we
find that three or four recti may be detached
safely as long as this occurs in two or more sur-
gical procedures. Compensatory mechanisms
including increased flow in the LPCAs in the
acute post-operative stage and long term
remodelling of the collateral circulation is the
most probable explanation.

Are there surgical techniques to avoid ASI?
The simplest advice is to operate with care,
identifying the ACAs and the collaterals to
the AEAC. Dissection should be careful and
cautery used sparingly. Muscle-splitting tech-
niques such as the Jensen procedure may be
employed, although these probably have a
fairly profound effect on anterior segment
perfusion and cases of ASI following these
procedures have been reported.®

McKeown etal** have recently revived
interest in the technique of anterior ciliary
vessel preservation during strabismus surgery.
However their paper largely describes the
method without much data on the state of the
anterior segment circulation.

For unrecovered sixth nerve palsy, we have
recently reported® the use of Botulinum
Neurotoxin A as a chemodenervation of the
medial rectus prior to lateral transposition of
the vertical recti, giving effective abduction
with two-muscle surgery. Recently, de Smet
et al.*® have reported one case of successful
treatment of ASI with hyperbaric oxygen,
which appears rational in severe instances.

Techniques in detachment surgery should
probably include careful surgical technique,
especially round the area of the LPCAs and
vortex veins, and gentle encirclement.

Conclusions

We have discussed the condition of anterior
segment ischaemia (ASI), its causation,
pathophysiology and the rationale of avoiding
it. It is hoped that newer techniques of inves-
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tigation and treatment will further reduce the
incidence of this potentially disastrous
condition.
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