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SUMMARY 

The aetiology of non-arteritic ischaemic optic neuropathy 

(ION) is multifactorial with local anatomical and 
systemic haemodynamic abnormalities both playing a 
role. A careful search for treatable vascular disease risk 

factors is required to allow rational therapy, to optimise 
the visual prognosis and to allow new insights into patho

genesis. We describe 7 cases in which there was an associ

ated thrombophilic (prothrombotic) state; 4 had 
deficiencies of the physiological anticoagulants proteins 

C and S and antithrombin III and 2 had anti-phospholi
pid antibody (lupus anticoagulant) syndromes. A further 
patient had reduced levels of the physiological fibrino
lytic agent tissue plasminogen activator (t-PA). In 5 

patients other risk factors for small vessel occlusive 

disease were also present, and 4 had recurrent episodes of 

ION in the same eye. The visual prognosis in these 

patients may be improved by anticoagulation with 

warfarin. 

Ischaemic optic neuropathy (ION) is currently divided 
into two categories: arteritic, generally due to giant cell 
arteritis and occurring in the elderly; and non-arteritic, 
occurring in a younger age group. It is generally held that 
vascular insufficiency in branches of the short posterior 
ciliary vessels supplying the retrolaminar optic nerve is a 
central factor in the pathogenesis of non-arteritic ION .1-) 

Rheological abnormalities are frequently identified. These 
include the three components making up Virchow's triad 
for conditions predisposing to thrombosis: disorders of the 
vessel wall (arteriosclerosis, diabetes, hypertension, 
migraine), disorders of blood flow (haemodynamic shock, 
emboli, carotid artery occlusion) and disorders of blood 
constituents (hyperviscosity).6 In addition, there may be 
evidence of an anatomical predisposition as small optic 
discs with low cup-disc ratios are especially vulnerable,7 
and buried optic disc drusen may also contribute a risk 
factor.s 
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In the context of cerebral ischaemic disease it is now 
becoming apparent that primary abnormalities of the 
haemostatic mechanisms (both hereditary and acquired) 
may also result in unchecked thrombus formation. These 
thrombophilic or prothrombotic disorders include defects 
in the physiological anticoagulants antithrombin III, pro
tein C and protein S; defects in normal fibrinolytic mech
anisms; and the presence of anti-phospholipid 
antibodies.9.lo We have therefore studied a group of 
patients with non-arteritic ION to look for underlying 
thrombophilic states and to assess their possible 
significance. 

METHOD 

Since January 1992 all patients attending the Neuro-Oph
thalmology Clinic at The National Hospital for Neurology 
and Neurosurgery with a diagnosis of non-arteritic 
ischaemic optic neuropathy (ION) underwent a detailed 
search for possible abnormalities of thrombosis and haem
ostasis. This followed initial measurement of blood pres
sure, haematocrit, plasma proteins, lipids and cholesterol, 
glucose, and erythrocyte sedimentation rate, together with 
the recording of any history of venous or arterial throm
bosis elsewhere than in the eye, smoking, circulatory col
lapse, migraine, Raynaud' s phenomenon or other vascular 
disease. Specific tests to exclude other causes of an optic 
neuropathy including compression, demyelination, granu
lomatous infiltration and Leber's hereditary optic neu
ropathy were performed as appropriate. 

The assessment of thrombosis and haemostasis 
included: full blood count; standard clotting screen of INR 
(International Normalised Ratio) or PT (prothrombin 
time) and APTT (activated partial thromboplastin time); 
lupus anticoagulant screen by dilute Russell viper venom 
test (RV VT); anti-cardiolipin antibodies; fibrinogen; fac
tor VIII; von Willebrand's factor; protein C; protein S; 
antithrombin III; t-PA (tissue plasminogen activator); PAl 
(plasminogen activator inhibitor); platelet aggregation 
assay. 

RESULTS 

The results are summarised in Table 1. Two patients had 
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Table I. Summary of results 

Case Age and sex Thrombophilic state 

29 F Protein C deficiency: 71.1 u/dl (normal 82-146) 

Clinical details 

Bilateral recurrent ION. Transient post-partum 
antiphospholipid antibodies 

2 49M Lupus anticoagulant: DRVVT (ratio) 1.3 (normal 0.9-1.1) Bilateral recurrent ION. Diabetes, raised 
fibrinogen, hypertension 

3 28 F 

4 58 F 

Protein C deficiency: 75.3 u/dl (normal 82-146) 

Protein S deficiency: 60 iu/dl (normal 63-124) 
Free antigen: 22 iu/dl (normal 28-72) 

Bilateral recurrent ION. Cigarette smoker 

Unilateral non-recurrent ION. Family history vascular 
disease. Cigarette smoker 

5 58 M Lupus anticoagulant: DRVVT (ratio) 1.35 (normal 0.9-1.1) Bilateral recurrent ION. Perioperative visual loss at initial 
episode 

6 66M 

7 63 F 

t-PA deficiency: 0.38 iu/dl (normal 0.4-1.5) 
+ve vascular compression test 

Antithrombin III deficiency 
71% heparin co-factor activity (normal 80-120%) 

reduced levels of protein C, one of protein S, one of anti
thrombin III and one of tissue-plasminogen activator (t
PA). A further 2 were found to have the lupus anticoag
ulant. There was bilateral involvement in 6 of 7 patients, 
and recurrent or progressive episodes of visual loss in the 
same eye in 4 of 7. In addition, 2 patients presented before 
the age of 30 years. 

DISCUSSION 

In a typical attack on ION there is painless, fairly sudden 
visual loss with pallid optic disc swelling, and arcuate or 
altitudinal field defects. 1.2 Second eye involvement is said 
to occur in up to 40% of patients and recurrent attacks in 
the same eye, although infrequent, are al so described. I 1.12 
In this group of patients there was bilateral involvement in 
6 of 7 and recurrent or progressive episodes in the same 
eye in 4 of 7. In addition, 2 patients presented before the 
age of 30 years, which is highly unusual. In previous 
reports of ION in young adultsl3•14 an underlying cause 
either has not been found or has been attributed to 
migraine. 15 

All patients typically had small optic discs but none had 
evidence of optic disc drusen. All patients had been cor
rectly diagnosed before referral and had been treated 
appropriately by optimal control of standard vascular 
disease risk factors and by taking aspirin daily. However, 6 
went on to develop successive episodes of visual loss 
prompting the further search for underlying circulatory 
abnormalities. 

Inherited Thrombophilia 

The haemostatic balance is maintained by complex inter
actions between the coagulation system, physiological 
anticoagulants, the fibrinolytic system, platelets and the 
vessel wall. The coagulation cascade is undergoing con
stant low-grade activity to produce small amounts of 
thrombin. Physiological anticoagulants such as anti
thrombin III and the protein C and S system oppose this 
generation of thrombin by inactivating activated coag
ulation factors. Specifically, once activated by a complex 
interaction between thrombin and an endothelial surface 
receptor thrombomodulin, the protein C system will 
inactivate factors Vila and Va. Protein S and antithrombin 

Bilateral non-recurrent ION. Hypertension controlled with 
captopril 

Bilateral non-recurrent ION 

III are required as co-factors. Inherited and acquired defi
ciencies of the physiological anticoagulants therefore 
result in a prothrombotic (thrombophilic) state.9,ID 

The association between familial deficiency of anti
thrombin III and thromboembolism was first recognised in 
1965. Deficiency is inherited in autosomal dominant fash
ion with a prevalence estimated between 1 in 2000 and I in 
40 000 in different series. Such a deficiency is said to 
account for 2-5% of episodes of thromboembolism in 
adults presenting below the age of 45 years. Familial defi
ciencies of proteins C and S were first described in 198 1 
and 1984 respectively. Two forms appear to exist: life
threatening homozygous states presenting in infancy with 
purpura fulminans and skin necrosis, and clinically silent 
heterozygous states. Protein C deficiency may have a 

prevalence of up to 1 in 200 but the rate for symptomatic 
deficiency may be as low as 1 in 36 000. The true contri
bution of such mild thrombophilic (pro thrombotic ) states 
to vascular occlusive disease can only be established with 
adequate popUlation studies which are currently awaited. 
However, it is thought that such states will increase the 
risk of thrombosis when other risk factors such as malig
nancy, pregnancy, smoking and diabetes are also present. 
There are now a number of reports in the neurological lit
erature describing the association of deficiencies of anti
thrombin III,16.17 protein C8-22 and protein S23.24 with 
ischaemic stroke, with branch retinal artery occlusions 
and amaurosis fugax. 

In this study, cases 1,3,4 and 7 had deficiencies of these 
physiological anticoagulants and case 6 had a related defi
ciency of the fibrinolytic agent tissue plasminogen acti
vator (t-PA). It is important to note that the abnormal 
levels which are reported in all the cases in this series do 
not lie far outside the normal ranges. However, the levels 
lie more than 2 SD from the mean for our laboratory using 
healthy controls and we believe them to be significant in 
the context of a multifactorial disease model. Many of the 
patients reported here had other risk factors for small 
vessel occlusive disease, including patient 1 who was 
positive for anti-cardiolipin antibodies at the onset of 
visual symptoms but who then became negative for this 
risk factor. The common risk factors for non-arteritic ION 
are well known and management is normally directed 
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towards treating associated hypertension, diabetes, hyper
lipidaemia and increased plasma viscosity. One impli
cation of these data is that there may be a subgroup of 
patients who in addition to this approach will require for
mal anticoagulation with warfarin. In 4 of these cases 
there were recurrent episodes of ION even after the initial 
diagnosis had been made and therapy started. Recurrent 
ION in the same eye is relatively unusual and it may be 
possible to suggest that this feature in particular might jus
tify the search for these subtle abnormalities of thrombosis 
and haemostasis regulation. 

Anti-phospholipid Antibodies 

In recent years a strong association has become apparent 
between thrombosis and the presence of antibodies to 
negatively charged phospholipids. Anti-phospholipid 
antibodies may be found in patients who have systemic 
lupus erythematosis, syphilis, previous infections and in 
the primary antiphospholipid antibody syndrome. Anti
phospholipid antibodies are a group of autoantibodies 
which are detected by precipitation or complement fix
ation texts currently used in standard tests for syphilis, by 
the lupus anticoagulant test or by solid phase radio
immunoassay for anti-cardiolipin antibodies. Collec
tively, they all have similar specificity and although in 

vitro have an anticoagulant effect by reacting with the 
phospholipid component of the prothrombin converter 
complex in the coagulation cascade to prolong the acti
vated partial thromboplastin time (APTT), the dilute Rus
sel viper venom time (DRVVT) and the prothrombin time 
(PT), in vivo there is a paradoxical prothrombotic effect. 
This is because of further actions on phospholipid com
ponents of platelet membranes, on vascular endothelium 
and on thrombolytic factors including local prostacyclin, 
antithrombin III and protein C activation?5.26 Neuro
logical and retinal vascular occlusions have all been 
described in association with anti-phospholipid anti
bodies. These include central and branch retinal artery and 
vein occlusions, ischaemic optic neuropathy, amaurosis 
fugax and cerebral infarction.27-35 Long-term anticoag
ulation may be indicated.9 

In this series, cases 2 and 5 had the lupus anticoagulant 
as detected by an abnormal DRV VT. Although both had 
other risk factors for ION, both had gone on to develop 
recurrent bilateral disease. There was no evidence of 
systemic lupus erythematosis or syphilis and both were 
treated with long-term anticoagulation. In addition, case 1 
had both protein C deficiency and a transient puerperal 
episode of anti-phospholipid antibody syndrome and it is 
possible that both factors acted to trigger the initial throm
botic episode. 

CONCLUSION 

The pathogenesis of non-arteritic ION is multifactorial. 
This study suggests that an additional contribution to this 
multifactorial model may lie in intrinsic disorders of the 
regulation of coagulation in some patients. Recurrent epi
sodes of ION in same eye raises the intriguing possibility 
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of venous rather than arterial thrombosis in some of these 
patients. This is currently under investigation, as is the 
possible role of long-term anticoagulation with warfarin 
in their management. 
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