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Abstract. Ocular ischemic syndrome is extremely rare in childhood. Patients with moyamoya dis- 
ease may be particularly susceptible to the development of ocular ischemia due to the associated 
carotid occlusion. A 19-month-old boy presented with neurofibromatosis and signs of ocular isch- 
emia. At 29 months of age, he developed dense right vitreous hemorrhage and eventually lost vision 
in that eye due to phthisis. At almost six years of age, he developed an acute hemiplegia and was 
then diagnosed with moyamoya disease. This rare instance of childhood ocular ischemia in con- 
junction with moyamoya disease and neurofibromatosis demonstrates the serious ocular and systemic 
sequelae of occlusive vascular disease. (Surv Ophthalmol 40:500-504, 1996) 
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Ocular  ischemic syndrome (OIS) usually occurs 
in elderly patients with carotid obstruction and sig- 
nificant systemic illness, most  frequently hyperten- 
sion, diabetes mellitus, or cardiac disease. 18 Ocular  
ischemic syndrome is unusual  in chi ldhood,  pre- 
sumably because carotid obstruction rarely occurs 
in young  patients. 

Moyamoya disease, an idiopathic vascular disor- 
der of  the central nervous system in children and 
young  adults, can occur  following carotid obstruc- 
tion. Neurofibromatosis  has been repor ted  in as- 
sociation with moyamoya disease. We present  the 
unusual  case of  a child with neurofibromatosis  who 
developed both  moyamoya disease and ocular isch- 
emia. The occurrence  of  ocular ischemic syn- 
d rome in a child is unexpected,  and therefore may 
go unrecognized.  

e a s e  R e p o r t  

A 19-month-old boy with a p resumed diagnosis 
of neurofibromatosis  type 1, based on seven care- 
an-lair spots greater than 1.5 cm in diameter, 13 
cafe-auqait spots less than 1.5 cm in diameter, and 

axillary freckling, was referred to our  institution 
for ophthalmologic  examinat ion in 1987. There  
was no history of  strabismus or  reduced  vision. 
Family history was negative for the findings of  neu- 
rofibromatosis. The left eye was normal.  Nei ther  
eye had lens opacities or Lisch nodules of  the iris. 
The right eye conta ined a combined  hamar toma  
of  the retina and retinal p igment  epithelium, in- 
volving the macula. Neovascularization of  the optic 
disk was noted,  in addit ion to arteriovenous com- 
munications,  marked venous dilatation, venous 
beading, and severe arteriolar a t tenuat ion (Fig. 1). 
The retinal per iphery  was incompletely vasculari- 
zed and new vessels ex tended into the vitreous. A 
small a m o u n t  of  vitreous hemor rhage  was present  
inferiorly. The etiology of  the retinal changes was 
unknown.  Computed  tomography  (CT) and mag- 
netic resonance imaging (MRI) were notable for 
non-visualization of  the right internal carotid ar- 
tery (Fig. 2). The right carotid artery was pre- 
sumed to be absent. The optic nerves were also 
slightly enlarged and have remained  u n c h a n g e d  
without treatment.  
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Fig. 1. Photograph of mid-peripheral retina shows ve- 
nous dilation, venous caliber irregularity, severe arterio- 
lar narrowing and arteriovenous communication (ar- 
FOW). 

Fig. 2. Magnetic resonance imaging shows nonvisuali- 
zation of the right internal carotid artery and a patent 
left internal carotid artery (arrow). 

At 29 months ,  grat ing visual acuity was 20/100 
in the r ight  eye and  20 /80  in the left. Due to the 
potent ia l  for  amblyopia  re la ted to the r ight  macu-  
lar h a m a r t o m a ,  the left eye had  been  pa t ched  for  
three  hours  each day with good  compl iance .  A 
r ight  esot ropia  was first no t ed  at 34 mon ths  of  age. 
The  patient ,  who had  previously coope ra t ed  with 
patching,  now objected  strongly to occlusion of  the 
left eye, and  there  was no central  f ixation with the 
r ight  eye. Dense vitreous h e m o r r h a g e  was present ,  
and  the re t ina  was a t tached by B-scan ul t rasonog-  
raphy. A vi t rectomy was p e r f o r m e d  due  to the po- 
tential for  amblyopia  f rom the h e m o r r h a g e .  Ad- 
ditionally, cryotherapy,  air-fluid gas exchange ,  and  
scleral buckl ing were used to t reat  a pe r iphera l  in- 
fer ior  retinal b reak  that  was no t ed  intraoperatively. 
Best pos topera t ive  vision was l ight percept ion .  A 
cyclitic m e m b r a n e  with hypotony  rapidly devel- 
oped,  fol lowed by retinal de tachment ,  and  phthi-  

sis. The  child is now nine years old, and  the left 
eye has r ema ined  normal .  

At a lmost  six years of  age, the pa t ien t  suffered 
an acute left hemiplegia .  A diagnosis o f  moyamoya  
disease was made  when  ang iography  demons t r a t ed  
r i g h t  c a r o t i d  o c c l u s i o n  a n d  m o y a m o y a  vessels 
(Figs. 3 and  4). Review of  the CT scan p e r f o r m e d  
at 19 mon ths  showed a r ight  carot id f o r amen  (Fig. 
5), suggesting that  the carot id ar tery  had  devel- 
oped,  but  was occluded.  16 A r ight  myodura l  syn- 
angiosis was p e r f o r m e d  in an a t t empt  to re-estab- 
lish per fus ion  of  the r ight  cerebra l  hemisphere .  Six 
mon ths  later, cerebral  ang iography  disclosed a pa- 
tent  bypass f rom the r ight  external  carot id a r te ry  
into the r ight  middle  cerebral  artery. T h r e e  years 
later, the pat ients '  s t rength in his left extremit ies  
had  improved  by 50%. Gait  r e m a i n e d  a b n o r m a l  
due to a left foot  drop.  

Fig. 3. Carotid angiography demonstrates extremely at- 
tenuated proximal right internal carotid occlusion (ar- 
row) and absence of distal perfusion. 

Fig. 4. Carotid angiography demonstrates a patent left 
internal carotid artery and the smaller abnormal moya- 
moya vessels on the right (arrow). 
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Fig. 5. Computed tomography shows the development 
of bilateral carotid foramina (arrows). 

D i s c u s s i o n  

In 1963 Kearns and  Hol l enhors t  r epo r t ed  a se- 
ries of  patients  with "venous  stasis re t inopa thy"  as- 
sociated with carot id stenosis. 9 In  the same year, 
Hedges  also descr ibed retinal venous changes  as- 
sociated with carot id  occlusion. 7 Knox  r epo r t ed  
cases of  " ischemic  ocular  i n f l ammat ion"  in con- 
junc t ion  with carot id disease; 1° many  of  these pa- 
tients also exhibi ted  the retinal features descr ibed 
by Kearns  and  Hol lenhors t .  Smith had  already de- 
scribed the occur rence  of  neovascular  g laucoma in 
the setting of  carot id  occlusive disease. 21 Today, the 
t e rm "ocula r  ischemic s y n d r o m e "  is used to en- 
compass these m a n y  manifesta t ions that  result  
f rom chronic  insufficiency of  carot id  or  ophthal-  
mic ar tery  flow. 

Panocular  i schemia  can cause pain  and  de- 
creased vision, and  myriad clinical signs. 8,22,24 An- 
ter ior  s egmen t  signs include episcleral venous con- 
gestion, corneal  edema,  uveitis, abnormal ly  low in- 
t r a o c u l a r  p re s su re ,  rubeos i s  iridis, n e o v a s c u l a r  
g laucoma,  and  cataract. Pupils may be dilated, 
sluggish, or  nonreact ive.  Poster ior  segment  signs 
include na r rowed  arterioles,  di lated and  i r regular  
veins, neovascularizat ion of  the disk a n d / o r  retina, 
ar ter iovenous  communica t ions  (anastomoses) ,  ret- 
inal hemor rhages ,  cotton-wool spots, spon taneous  
retinal arterial pulsations, and  vitreous hemor -  
r hage ,  p r e s u m a b l y  f r o m  n e o v a s c u l a r i z a t i o n .  
O p h t h a l m o d y n a m o m e t r y  f requent ly  reveals abnor-  
mally low central  retinal ar tery  per fus ion  pressure.  
Fluorescein ang iography  shows delayed and  patchy 
choroidal  filling, and  an increase in ar ter iovenous  
transit  time. 2 Retinal b lood  vessels may stain, and  
the optic disk may also show late staining. Areas of  

retinal capillary nonpe r fus ion  can f requent ly  be  
identified. 

OIS typically occurs in o lder  patients.  In a series 
of  43 patients,  age at p resenta t ion  r anged  f rom 50-  
86 years, with a m e a n  of  64.5 years. 2 A male  pre- 
d o m i n a n c e  was repor ted ,  with a male  to female  
ratio of  2:1. Associated systemic diseases, in de- 
creasing o rder  of  frequency, inc luded systemic ar- 
terial hyper tens ion,  diabetes  mellitus, ischemic 
hear t  disease, cerebrovascular  accident,  and  pe- 
r iphera l  vascular disease, all o f  which are diseases 
associated with atherosclerosis.  19 The  ocular  isch- 
emic syndrome is t hough t  to be  a rare ocular  man-  
ifestation of  carot id  atherosclerosis that  usually oc- 
curs in elderly individuals who also have general-  
ized atherosclerosis  affect ing o the r  major  organs. 
A significant increase in five-year mortal i ty  has 
been  demons t ra ted ,  with cardiac disease account-  
ing for  approx imate ly  half  the deaths. 19 

Al though the grea t  majori ty of  cases of  OIS oc- 
curs in elderly pat ients  with atherosclerosis,  cases 
have rarely been  r epo r t ed  in o the r  settings. Duker  
r epo r t ed  a case of  OIS secondary  to spon taneous  
carot id dissection in a 64-year-old male.  15 To ou r  
knowledge,  ocular  i schemia has not  been  previ- 
ously r epo r t ed  in a child as young  as 19 mon ths  or  
in a pa t ien t  with moyamoya  disease. 

Patients with OIS have not  only significantly in- 
creased mortality, bu t  also a p o o r  visual prognosis.  
In the series by Sivalingam et  al, 43% of  pat ients  
had  20 /50  or be t te r  acuity on initial p resen ta t ion)  s 
However, 58% of  their  pat ients  had  coun t  fingers 
or  worse vision one  year after  presenta t ion,  despite 
maximal  t r ea tmen t  that  inc luded  panre t ina l  pho-  
tocoagulat ion with carot id enda r t e r ec tomy  or  su- 
perficial  t empora l  ar tery-middle  cerebra l  a r tery  by- 
pass. Visual prognosis  was worse for  eyes with ru- 
beosis iridis on  initial presenta t ion.  Eighty-two per- 
cent  of  eyes with rubeosis  at or  within three  
mon ths  of  presenta t ion  had  no be t te r  than  coun t  
fingers vision at one-year  follow up. 

Carot id  occlusion can be associated with moya- 
moya  disease, a central  nervous  system vasculopa- 
thy that  occurs in all ethnic groups,  but  has b e e n  
mos t  f requent ly  r epo r t ed  in the J apanese  popula-  
tion. Moyamoya  disease can occur  at any age, but  
is mos t  c o m m o n  in children.  1 Females may be 
m o r e  susceptible. Ei ther  unilateral  or  bilateral ca- 
rot id stenosis with d e v e l o p m e n t  of  collateral vessels 
( " m o y a m o y a  vessels") is characteristic.  Patients 
may be asymptomat ic ,  or  there  may be severe neu- 
rological deficits. While adults m o r e  c o m m o n l y  
have hemor rhag i c  events, chi ldren tend  to p resen t  
with ischemic events result ing in stroke. Moyamoya  
disease, a f r equen t  cause of  stroke in children,  may 
be p resen t  for  some t ime before  symptoms  occur. 
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In a review of  86 children with onset  of  acute 
hemiplegia, So lomon et al described three patients 
with stenosis of  the origin of  the internal carotid 
artery (Group III in their series of  patients with 
occlusive vascular disease) with acute hemiplegia; 
two also had a history of  recur ren t  generalized sei- 
zures. 2° A minori ty of  the 122 patients with acute 
hemiparesis, r epor ted  by Aicardi et al did no t  have 
seizures at the time of  their neurological  presen- 
tation, and eight of  the 24 angiograms showed ar- 
terial occlusion, compared  to no angiographic  ab- 
normalities in the group with associated seizures. I 
Diagnosis is conf i rmed  with angiography or MRI 
that shows carotid stenosis or  occlusion, and the 
typical abnormal  vascular collaterals. 3 Histopatho- 
logic examinat ion of  affected cases has shown 
thickening of  the carotid intima, with a distinct 
lack of  inf lammat ion? 1 

The nomencla ture  of  moyamoya  disease is in- 
consistent in the literature. It has been  repor ted  to 
occur  in association with a variety of  diseases, 6,n 
including neurofibromatosis.  15m The term "moya- 
moya p h e n o m e n o n "  has been suggested for those 
cases that occur  in association with ano ther  dis- 
ease. These cases are frequently unilateral and are 
sometimes called "atypical moyamoya."  

Given the many ocular  signs associated with ca- 
rotid occlusion and the f requent  occurrence  of  ca- 
rotid occlusion in moyamoya disease, one  might  
expect  that  patients with moyamoya  would be par- 
ticularly susceptible to the development  of  ocular 
ischemia. Surprisingly, there are few reports of  oc- 
ular abnormalit ies in moyamoya disease. Noda  et 
al studied four  patients with moyamoya  disease and 
repor ted  visual field defects (homonymous  hemi- 
anopsia).  14 There  were few abnormal  intraocular  
findings with only one pat ient  having cortical lens 
opacities and ano ther  showing temporal  disk pal- 
lor. Visual disturbances resulting f rom central ner- 
vous system pathology are more  common .  Miya- 
moto  repor ted  visual disturbances in 43 of  178 pa- 
tients with moyamoya  disease? 2 As our  case repor t  
demonstrates,  patients can have carotid occlusion 
or OIS for several years before neurological  signs 
develop. 

Various vascular lesions have been repor ted  in 
numerous  sites ( including the central nervous sys- 
tem) in patients with neurofibromatosis.  These le- 
sions are though t  to result f rom Schwann cell pro- 
liferation within arteries. 17 Retinal astrocytic and 
combined  hamar tomas  of  the retina and  retinal 
p igment  epithel ium have been repor ted  in associ- 
ation with both  type 1 and type 2 neurof ibroma-  
tosis, but  are unusual.  4 To our  knowledge, there 
are no previous reports of  carotid occlusion re- 
suiting in bo th  moyamoya  disease and ocular isch- 

emia in a pat ient  with neurofibromatosis.  Moadel 
et al recently repor ted  a similar case of  unilateral 
retinal ischemia in a child with neurof ibromato-  
sis. 13 However, their case differs f rom our  case re- 
por t  in several impor tant  respects. Al though cere- 
bral angiography was no t  per formed,  there was no 
evidence of  carotid stenosis by Doppler  flow stud- 
ies in their patient. Nonetheless,  color  Doppler  im- 
aging did demonstra te  reduced  central retinal ar- 
tery flow. Al though not  specified in this report ,  
flow away f rom the probe  would indicate retro- 
grade filling f rom a collateral of  the external ca- 
rotid artery, and flow toward the probe would in- 
dicate filling f rom the internal carotid artery or a 
collateral in the proximal orbit. In addition, there 
was no evidence of  moyamoya disease in their re- 
port. It remains unclear  whether  a single process 
leads to the neurofibromatosis  associated ocular 
vasculopathy in the pat ient  repor ted  by Moadel 
and the patient  repor ted  herein. Clearly ocular 
ischemia in association with neurofibromatosis  can 
occur  both  with and without  moyamoya disease. 

Our  case is unusual  in that ocular ischemia was 
present  in a young  child. In addition, this child 
also had neurofibromatosis  that  is known to be as- 
sociated with both  vasculopathy in general, and 
moyamoya disease in particular. Fur ther  studies 
may lead to a better  unders tanding  of  the vascular 
changes in neurofibromatosis  and moyamoya dis- 
ease and any shared pathogenesis.  Cases of  OIS in 
children may be overlooked, as the index of  sus- 
picion for ocular  changes is low in children with 
either neurofibromatosis  or moyamoya disease. We 
suggest that  the possibility of  ocular  ischemia be 
suspected in patients with neurofibromatosis  or  
moyamoya  disease. This is particularly impor tan t  in 
children who are unlikely to repor t  visual loss due 
to their young  age. OIS, while best known as a dis- 
ease of  the elderly who have significant vascular 
disease, can also occur  in patients with neurofibro- 
matosis, and intracranial vaso-occlusive disease, re- 
gardless of  age. Recognit ion of  the vascular abnor- 
malities in children can alert the clinician to the 
potential for both  ocular  and life-threatening con- 
sequences. 
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