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ABSTRACT: 

Purpose: Acute macular neuroretinopathy has been shown to be due to ischemia of the deep capillary 

retinal plexus and most cases occur in young women; we hypothesized that there may be an association 

with antiphospholipid antibodies. 

 

Observations:  We identified three patients who were diagnosed with deep capillary retinal ischemia after 

presenting with sudden onset of focal paracentral scotoma who tested persistently positive for 

antiphospholipid antibodies.  All patients had high-titer prothrombin-associated antibodies and two of the 

three also had low-titer anticardiolipin antibodies. In all patients, the diagnosis was missed at the initial 

presentation.  All patients experienced involvement of both eyes over time with permanent visual deficits 

and all were female with an average age at symptom onset of 34 years.  All patients were using 

exogenous estrogen and had additional but previously undiagnosed symptoms or signs that may be seen 

in the antiphospholipid syndrome.  One patient was ANA positive with a titer of 1:320, but none had 

lupus-specific antibodies or clinical features of lupus. 

 

Conclusions and Importance:  The persistent presence of high-titer prothrombin-associated 

antiphospholipid antibodies in three women with deep capillary retinal ischemia suggests this may be an 

important association.  Prothrombin-associated antibodies (anti-prothrombin IgG and anti-

phosphatidylserine-prothrombin IgG and IgM) as well as the traditional antiphospholipid antibodies 

(anticardiolipin IgG, IgM and IgA; anti-beta2 glycoprotein I IgG, IgM and IgA; and the lupus 

anticoagulant) should be included in the diagnostic work-up of patients diagnosed with deep capillary 

retinal ischemia. Because of the broader health and treatment implications of high-titer antiphospholipid 

antibodies, further investigation into this suspected association is warranted.   
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INTRODUCTION: 

The antiphospholipid syndrome is the most common acquired hypercoagulable disorder. It is a systemic 

autoimmune disease characterized by the persistent presence of antiphospholipid antibodies.  It is 

associated with an increased risk of arterial, venous and small vessel thrombosis as well as pregnancy 

morbidity1 and presents most commonly on women aged 20-40 years.   

 

Acute macular neuroretinopathy has been shown to occur due to an interruption of the blood supply of the 

deep capillary plexus of the retina 2,3 Several risk factors for acute macular neuroretinopathy have been 

identified, including estrogen use, pregnancy, the postpartum state and migraine.  Most cases occur in 

young women2.  Given the shared pathogenesis and clinical phenotype, we hypothesized that deep 

capillary retinal ischemia may occur secondary to antiphospholipid antibodies in a subset of patients.  We 

have identified three patients with deep capillary retinal ischemia who tested persistently positive for high 

titer antiphospholipid antibodies.   

 

FINDINGS: 
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The clinical characteristics and ophthalmologic testing for the patients is summarized in Table 1.  The 

immunological testing and antiphospholipid syndrome manifestations for the patients are summarized in 

Table 2.    

 

Case 1:   

The patient had no past medical or ocular history except for unexplained, intermittent hypertension (to as 

high as 150/100) first noted in her late 20’s and she had used birth control pills for many years.  At age 

32, she developed atraumatic pain and swelling in her right knee.  This resolved spontaneously after 10-

14 days, however, two weeks after the onset of the knee pain, she awoke with a paracentral scotoma in 

her left eye which persisted.  A few weeks later, she developed a few more scotomata in the same 

eye.  There was no eye pain, no change in her visual acuity and no headaches.  She was evaluated by 

ophthalmology and neurology and all testing including brain MRI was reportedly negative.   We do not 

know if formal visual field testing was performed at this time. Seven months later, she noted a new 

scotoma in her left eye followed by several more scotomata in both eyes which occurred over the 

subsequent weeks.   She was referred to the University of Colorado Lions Eye Institute.  Visual acuity 

was 20/20 in both eyes.  Slit lamp examination was normal except for trace anterior vitreous cells 

bilaterally and funduscopic examination was normal except for rare perivascular refractile deposits in 

both eyes. There were no macular abnormalities, but OCT revealed focal thinning of the outer nuclear and 

outer plexiform layers bilaterally consistent with prior ischemia of the deep capillary plexus.  Fluorescein 

angiography revealed a few areas of focal late vascular leakage bilaterally and OCT angiography revealed 

focal deep capillary drop out temporal to the fovea, corresponding to the scotoma.  Antiphospholipid 

antibody testing was notable for a high titer anti-prothrombin IgG on two occasions 12 weeks apart.  Her 

C4 was also low on both testing occasions--a finding seen in a subset of patients with the 

antiphospholipid syndrome.  All of the traditional antiphospholipid antibodies (anticardiolipin, anti-beta 2 

glycoprotein I and the lupus anticoagulant) were negative.  Her estrogen-containing birth control was 

discontinued and she was treated with aspirin 81 mg daily.  Labile hypertension has been reported in the 
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antiphospholipid syndrome since the early descriptions of the syndrome and may occur due to focal renal 

arterial stenosis or due to autonomic dysfunction4,5.  Renal ultrasound did not find evidence of renal artery 

stenosis and workup for other secondary causes of hypertension was negative.  Detailed review of 

systems otherwise was negative, she has not had other joint symptoms and she has never attempted to 

conceive.  Her visual defects persist, but she has not had a new scotoma in the 2.5 years since her 

estrogen-containing birth control was stopped and aspirin was started.   

 

Case 2:   

The patient was healthy when she started using birth control pills at the age of 23.  At age 25, she 

developed severe daily headaches.  The headaches lasted 30-60 minutes, were behind both eyes and were 

throbbing in nature.  They occurred daily for months, then spontaneously resolved.  At age 26, she 

developed a paracentral scotoma in her right eye.  She was evaluated by optometry and ophthalmology, 

but all testing was reportedly normal and no diagnosis was made.  At age 27, she developed unexplained 

frequent tachycardia and mild fatigue.  Cardiac monitoring confirmed frequent sinus tachycardia and an 

echocardiogram was normal except for mild mitral valve thickening without valvular regurgitation.  She 

did not undergo tilt table testing, but she has been treated with a beta blocker since then with symptomatic 

improvement.  There has not been a progression of her symptoms, but she does still experience 

intermittent tachycardia and has mild chronic fatigue suggestive of possible mild postural tachycardia 

syndrome, which may occur in association with the antiphospholipid syndrome4.  She had no new issues 

until age 30 when frequent headaches like those she had at age 24 returned and she developed a new 

scotoma in her left eye.  A brain MRI scan was normal.  Over the next nine months she developed 

multiple new scotomata in both eyes.  The headaches again gradually resolved spontaneously 

approximately six months after they started.  At this point, she was evaluated at the University of 

Colorado Lions Eye Institute.  Snellen’s visual acuity was 20/20 in the right eye and 20/30 in the left 

eye.  Slit lamp examination was normal and funduscopic examination revealed faint depigmentation in 

the paramacular area bilaterally and a cotton wool spot.  Spectral domain optical coherence tomography 
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(SD-OCT) revealed disruption of the outer plexiform layer bilaterally consistent with prior deep capillary 

retinal ischemia.  Fluorescein angiography was normal, but OCT angiography revealed focal deep 

capillary loss. Antiphospholipid testing was notable for high titer antiphosphatidylserine-prothrombin IgG 

on two occasions 12 weeks apart.  ANA, C3 and C4 were all normal.  Her estrogen-containing oral 

contraception was discontinued and she was treated with aspirin 325 mg daily.  She developed a new 

scotoma in the left eye 3 months later and aspirin was changed to apixaban 5 mg twice daily.  One year 

later, she developed another small scotoma in the left eye and aspirin 81 mg daily was added to apixaban.  

She again remained stable for approximately one year when she developed another small scotoma, this 

time in the right eye.  Aspirin was changed to clopidogrel and apixaban was continued.  There has not 

been a recurrence in 13 months on this regimen.  Given recurrent scotoma and associated fatigue, 

arthralgias and neuropathic pain, all of which may occur in patients with the antiphospholipid syndrome, 

the possibility of short-term treatment with plaquenil for 1-3 years was discussed, but she declined this 

option.  She has not yet attempted to conceive. OCT, OCTA and Amsler grid images from Patient 2 are 

shown in Figure 1.     

 

 

Case 3:   

There had not been significant medical or ocular history until age 45, when she developed sudden focal 

visual loss in her left eye while driving that affected her temporal field inferiorly.  There was associated 

pain, but it lasted only a few minutes.  There was no triggering event identified and there was no history 

of migraine.  She was evaluated by ophthalmology within a few days. Fundoscopic examination showed 

bitemporal pallor and brain MRI was normal and no diagnosis was made.  The deficit remained relatively 

stable over time, but there were periodic flares lasting 1-2 days.  She initiated estrogen replacement 

therapy at age 51. A similar episode with sudden onset focal visual loss occurred in her right eye at age 52 

and she was evaluated at the University of Colorado Lions Eye Institute. Visual field testing showed 

multiple perifoveal scotoma in both eyes and OCT demonstrated thinning of the outer plexiform layer 
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bilaterally consistent with deep capillary retinal ischemia.  Aspirin 325 mg daily was initiated and 

exogenous estrogen therapy was stopped.  She was diagnosed with keratoconjuctivitis sicca and glaucoma 

at age 65, but there has not been recurrent scotoma in 14 years.  Prior unexplained bilateral sensorineural 

hearing loss, which may occur in association with antiphospholipid syndrome6, objectively improved 10 

decibels when aspirin was started.  She also experienced fatigue, memory loss and vertigo intermittently 

over the last 10 years, all of which may also be seen in the antiphospholipid syndrome.  Repeat brain MRI 

as well as serological testing for other causes of memory loss besides the antiphospholipid syndrome were 

negative.  

 

DISCUSSION: 

Antiphospholipid syndrome is an autoimmune clotting disorder estimated to affect at least 1% of the 

population7.  It is characterized by the persistent presence of antiphospholipid antibodies that lead to the 

activation of endothelial cells, platelets and monocytes and have been shown to be instrumental in the 

pathogenesis of the disease8. Notably, clotting may occur in veins, arteries, and the microvasculature and 

there is a clear association between the antiphospholipid syndrome and several ischemic ocular 

conditions, including retinal ischemia9.  Trese et al.10 were the first to describe a patient with 

antiphospholipid antibodies and deep capillary retinal ischemia.  Arf et. al.11 subsequently reported a 

second patient with the lupus anticoagulant and prior venous and arterial thrombotic events who 

developed ischemia of the retinal deep capillary plexus.  The present findings confirm those of the prior 

two case reports demonstrating the presentation with scotoma and thinning of the outer nuclear and/or 

outer plexiform layers in the post-acute phase as well as focal deep capillary loss on OCT angiography in 

all three patients.  Our findings add to the prior case reports as our patients were identified retrospectively 

and thus inform of the natural history of undiagnosed and untreated deep capillary retinal ischemia in this 

context.  Due to the delay in diagnosis, all patients developed bilateral recurrent lesions over 8 months to 

8 years with permanent bilateral visual field deficits. Importantly, two of the three patients have stabilized 

for 2.5 to 14 years without recurrent events on aspirin and discontinuation of exogenous estrogen therapy.  
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The other patient (patient 2) has had a more aggressive course, but she has seemed to stabilize with the 

combination of clopidogrel and apixaban. 

 

All three of our patients had prothrombin-based antiphospholipid antibodies in high titer.  Prothrombin-

associated antiphospholipid antibodies are not currently included in the formal classification criteria for a 

diagnosis of definite antiphospholipid syndrome, but they have been demonstrated to be specific for the 

syndrome, have been associated with thrombotic complications in several publications and there is 

interest in adding them to the formal Sapporo criteria for the diagnosis of “definite” antiphospholipid 

syndrome12.  The Sapporo criteria have not been revised since 2006 and were intended to be used to 

create a homogeneous population of patients for research purposes in this very heterogeneous 

autoimmune disorder and are recognized to have significant limitations when used for diagnosis1.  

Importantly, each of the present patients was using exogenous estrogen at the time of diagnosis.  Estrogen 

use has been noted as a risk factor for deep capillary retinal ischemia with 35.6% of 101 patients reviewed 

in a meta-analysis having used oral contraceptive pills2.  Thus, we can’t be certain that the 

antiphospholipid antibodies are pathogenic in the present patients.  We hypothesize they are important, 

however, given their high-titer, presence in all three patients, prior description of the association of 

antiphospholipid antibodies and deep capillary retinal ischemia in two separate cases in the medical 

literature, as well as the frequent additive nature of vascular risk factors.  Given the very common use of 

oral contraception in young women and the rarity of deep capillary retinal ischemia, estrogen use alone 

may not be a potent enough thrombotic risk factor to cause retinal ischemia in many patients, but the 

combination with antiphospholipid antibodies may be more likely to result in retinal ischemia.  Indeed, 

estrogen has been found previously to act synergistically with antiphospholipid antibodies 13 and 

exogenous estrogen is considered a contraindication in patients with antiphospholipid antibodies for this 

reason 14.  Of note, several “non-thrombotic” neurological manifestations may occur in patients with the 

antiphospholipid syndrome, including seizures, chorea, migraine, autonomic and sensory neuropathy, 

sensorineural hearing loss and memory loss, and some of these manifestations have been reported to 
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rapidly improve or even resolve on anti-platelet therapy and/or anticoagulation15. This observation led to 

the hypothesis by Hughes that these manifestations may occur due to vascular “sludging” and the 

exquisite sensitivity of the brain to adequate blood flow16.  The outer plexiform and outer nuclear layers of 

the retina contain photoreceptors that are rich in mitochondria and are especially vulnerable to an 

interruption of blood supply17. The multiple, bilateral scotoma in all three of our antiphospholipid 

antibody-positive patients suggest that the retinal ischemia seen in these patients may have been the result 

of vascular sludging or microthrombosis.  Pecen et. al.18 have demonstrated capillary perfusion defects 

consistent with this mechanism by OCT angiography in patients with acute macular neuroretinopathy and 

paracentral acute middle maculopathy.  The recent demonstration of macular vascular abnormalities by 

OCT angiography in patients with sickle cell disease19 is also supportive of a microthrombotic/sludging 

pathogenesis in some patients with acute macular neuroretinopathy. 

 

The association between antiphosholipid antibodies and deep capillary retinal ischemia is important as 

each of our patients had bilateral involvement with permanent visual deficits and all three went 

undiagnosed initially.  Additionally, all of the patients reported to date with antiphospholipid antibodies 

and deep capillary retinal ischemia (both in the present report and in the preceding two case reports) had 

other manifestations likely related to their antiphospholipid antibodies including suspected hip avascular 

necrosis10, transient cerebral ischemia and pulmonary embolus11 and valvular thickening, severe labile 

hypertension, suspected postural tachycardia syndrome, memory loss, livedo reticularis and unexplained 

hearing loss that improved with anti-platelet therapy (present report). Additionally, the persistent presence 

of high-titer antiphospholipid antibodies has important implications for long-term health, including future 

pregnancies and risk for systemic arterial and venous thrombotic events as well as risk for the 

development of other autoimmune diseases. Based on the current and previous reports, it is appropriate to 

screen patients with deep capillary retinal ischemia for the presence of antiphospholipid antibodies, 

including the prothombin-associated antibodies.  In addition, deep capillary retinal ischemia should be 

considered in patients with antiphospholipid syndrome presenting with scotoma and referral to specialty 
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centers for advanced multimodal imaging is warranted.   

 

CONCLUSIONS: 

The present study is limited by its retrospective and single-center nature, the concurrent use of exogenous 

estrogen in all three patients, as well as retrospectively-reviewed clinical-based images.  We believe, 

however, that our report provides further evidence that antiphospholipid antibodies may represent an 

important association with deep capillary retinal ischemia and that this association, if confirmed by 

others, may have important diagnostic and therapeutic implications.  Further studies into this suspected 

association including optimal treatment are needed given the risk of visual loss as well as of systemic 

thrombosis and pregnancy morbidity. 
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FIGURE LEGEND: 

Figure 1.  OCT, OCTA and Amsler grid from Case 2.   OCT demonstrating damage to the outer 

plexiform layer in the left eye (arrow) (A); OCTA demonstrating deep parafoveal capillary loss in the left 

eye (arrow) (B); OCT demonstrating a hyper-reflective lesion in the outer retina of the right eye (arrow) 

(C); The corresponding Amsler grid from the right eye of this patient (D). 
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Table 1.  Clinical characteristics and ophthalmologic testing. 

  PATIENT 1 

 

PATIENT 2 

 

PATIENT 3 

 

Age at first scotoma 32 years 26 years 44 years 

Gender female female female 

Eye involved both both both 

Time from first to last 

scotoma 

8 months 5 years 7 years 

Persistent visual deficits yes yes yes 

Other eye disease no no no 

Best corrected visual acuity 20/20 20/20 20/20 

Amsler visual field testing multiple perifoveal scotoma 

both eyes 

multiple perifoveal 

scotoma both eyes 

multiple perifoveal  

scotoma both eyes 

Optical coherence 

tomography  

disruption of outer nuclear 

and outer plexiform layers 

disruption of outer 

plexiform layer 

disruption of outer  

plexiform layer 

OCT angiography focal deep capillary loss focal deep capillary loss focal deep capillary loss 

Cotton wool spot no yes no 

Fluorescein angiography normal normal normal 

Vascular risk factors labile hypertension none none 

Exogenous estrogen use yes yes yes 

Brain MRI with gadolinium normal normal normal 
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Table 2.  Immunological testing and APS manifestations. 

  PATIENT 1 PATIENT 2 PATIENT 3 

Antiphospholipid  

antibodies—initial* 

PT IgG (>=20):  43 U PSPT IgG (>=30):  >80 U 

aCL IgM (>=12.5):  15 U 

  

PSPT IgG (>=30):  64 U 

aCL IgM (>=12.5); 10 U 

  

Antiphospholipid  

antibodies—repeat  

PT IgG (>=20):  47 U PSPT IgG (>=30):   40 U 

aCL IgM (>=12.5):  14 U 

  

PSPT IgG (>=30):  42 U 

aCL IgM (>=12.5); 14 U 

Possible APS 

manifestations 

labile hypertension headache, tachycardia, 

fatigue, mitral valve 

thickening 

li vedo reticularis, memory 

loss, fatigue, unexplained 

hearing loss 

 

Pregnancy never attempted never attempted never attempted 

ANA † negative negative positive 1:320; ENA negative 

C3/C4̂   C4 low x 2; C3 normal normal normal 

Other autoimmune disease no no no 

 

*PT=anti-prothrombin antibody; PSPT=anti-phosphatidylserine-prothrombin antibody;  

aCL=anti-cardiolipin antibody; IgG=immunoglobulin G; IgM=immunoglobulin M; U=units 

†ANA=anti-nuclear antibodies; ENA=extractable nuclear antigens, i.e. analysis of specific ANA types. 

^C3=complement 3; C4=complement 4 
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