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retinopathy, nephropathy, and 
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Article abstract-We describe a Chinese American family with a hereditary syndrome consisting of retinopathy, ne- 
phropathy, and stroke, affecting 11 members spanning three generations. Ophthalmologic evaluations revealed macular 
edema with capillary dropout and perifoveal microangiopathic telangiectases. Several members had renal abnormalities 
with proteinuria and hematuria. Initial manifestations were visual impairment and renal dysfunction; neurologic deficits 
occurred in the third or fourth decade of life. Symptoms included migraine-like headache, psychiatric disturbance, 
dysarthria, hemiparesis, and apraxia. Neuroimaging consistently demonstrated contrast-enhancing subcortical lesions 
with surrounding edema. Ultrastructural studies showed distinctive multilaminated vascular basement membranes in the 
brain and in other tissues, including the kidney, stomach, appendix, omentum, and skin. Genetic analysis ruled out 
linkage to the CADASIL locus on chromosome 19. Distinct from CADASIL, hereditary endotheliopathy with retinopathy, 
nephropathy, and stroke (HERNS) is an autosomal dominant multi-infarct syndrome with systemic involvement. 
NEUROLOGY 1997;49:1322-1330 

Multi-infarct syndrome is characterized clinically by 
progressive neuropsychiatric deterioration and ra- 
diographically by multiple subcortical white matter 
lesions. It is generally sporadic, associated with ag- 
ing and hypertension; occasionally, it can be inher- 
ited. The mechanism underlying multifocal white 
matter disease is not well understood. Elucidating 
the pathophysiology in familial multi-infarct syn- 
dromes may shed light on mechanisms of white mat- 
ter injury in general. 

In 1977, Sourander and Wilinder’ reported a fam- 
ily with hereditary progressive leukoencephalopathy 
in middle-aged adults without hypertension. That 
family is probably the first reported case of cerebral 
autosomal dominant arteriopathy with subcortical 
infarcts and leukoencephalopathy (CADASIL), an 
autosomal dominant syndrome mapped to chromo- 
some 1g2 and recently found to result from mutations 

in the human Notch3 gene.3 How these mutations 
lead to the vasculopathy is unknown. In 1988, Grand 
et al.4 reported a large family with clinical features 
similar to  CADASIL; in addition, family members 
developed visual loss due to characteristic retinal 
capillary abnormalities. Gutmann et al.5 later de- 
scribed another family with a similar syndrome of 
progressive visual loss and leukoencephalopathy 
without any renal or other organ involvement. 

We report on a Chinese family, with 11 affected 
members spanning three generations, who manifested 
a hereditary vasculopathy similar to cerebroretinal 
vascu10pathy,4.~ with subcortical leukoencephalopathy 
and retinopathy, as well as renal dysfunction. Genetic 
analysis ruled out linkage to the CADASIL locus on 
19p. Ultrastructural studies identified characteristic 
alterations of vascular basement membranes not previ- 
ously described. 
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Figure 1. Pedigree shows an auto- 
soma1 dominant pattern of inheri- 
tance spanning three generations. 
Closed figures indicate subjects 
were affected; asterisks indicate 
subjects were examined. 

Case reports. Clinical history was obtained from pa- 
tient interviews. Six members from this kindred were ex- 
amined. Medical records of these members as well as those 
deceased (111-3, 111-6, 111-14, 111-17) were reviewed. The 
pedigree is shown in figure 1. Table 1 summarizes the 
clinical features of affected members. 

This ambidextrous man was 28 
when he first noted blind spots in his visual field. He had 
retinal vasculopathy of unclear etiology and underwent laser 
treatment. At age 32, while working as an artist painting 
portraits for royalty in Saudi Arabia, the patient noted the 
sudden onset of right-hand weakness, which rapidly pro- 
gressed to involve his right leg. Head CT showed a 2-cm 
ring-enhancing deep white matter lesion in the left frontopa- 
rietal region with surrounding edema. Corticosteroids pro- 
vided some clinical improvement. He underwent subtotal 
excision of the left frontal lesion, a presumed malignancy. 
After a follow-up scan showed progression of the lesion, he 
underwent a second biopsy. Postoperatively, the patient be- 
came discouraged and depressed, then committed suicide. 
Detailed information regarding his renal function was not 
available except that he had 2+ proteinuria, with urea nitro- 
gen of 19 mg/dL and creatinine of 1.4 mg/dL. An autopsy was 
not performed. 

A 45-year-old right-handed 
man with a long-standing history of anxiety presented at  

Patient 1 (pedigree 111-3). 

Patient 2 (pedigree 111-1 1). 

Table 1 Clinical features of affected family members 

age 42 complaining of insidious onset of stuttering speech. 
At age 32, he had noted blind spots in his visual field, but 
had no focal neurologic deficits. Ophthalmologic evaluation 
at  that time revealed focal areas of macular edema associ- 
ated with capillary telangiectasis (figure 2). Focal laser 
photocoagulation was applied to these areas, and the 
edema largely resolved. Over the course of the next 5 
years, additional areas of macular edema evolved and 
spontaneously resolved without further photocoagulation. 

Brain MRI showed no focal lesion (figure 3A). At the time 
of initial presentation with neurologic complaints, the then 
42-year-old patient exhibited only verbal stuttering, diffuse 
hyperreflexia, and severe anxiety, with an otherwise normal 
neurologic examination. Serum and CSF examinations were 
all normal. Brain MRI demonstrated multiple high T2 signal 
intensity (figure 3B) and gadolinium-enhancing lesions in the 
paraventricular white matter and corpus collosum (figure 
3C). A brief course of corticosteroid treatment was of no ben- 
efit. The patient subsequently developed progressive limb pa- 
resis, apraxia, and dementia. Follow-up brain MRI a year 
later showed progression of the subcortical lesions that had 
become confluent (figure 3D). Serum creatinine level was 1.7 
mg/dL, with trace albuminuria and hematuria (5 RBC/HPF). 
The patient was bedridden and demented by age forty-four. 

A 36-year-old, right-handed 
woman first noted blind spots in her visual field with un- 

Patient 3 (pedigree 111-2). 

Age a t  onset Stroke-like Renal Subcortical 
Family of neurologic Age at Migraine episodes and Psychiatric insufficiency lesions on 
member Sex deficits (y) death (y) headache Retinopathy dementia disturbance and proteinuria CT/MRI 

1-1 

11-2 

11-5 

111-2 

111-3 

111-6 

111-9 

111-10 

111-11 

111-14 

111-17 

F 

F 

F 
F 

M 
M 
M 

F 

M 

F 

M 

50 

39 

43 

31  

32 

36 
- 

40 

42 

39 

40s 

60 + 
44 + 
52 + 
35 + 
32 Unknown 

I 

+ 
Unknown 
- 

44 Unknown 
51 + 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
- 

+ 
+ 
+ 
+ 

- 

- 

+ 
- 

- 

+ 
+ 
Unknown 
+ 

Unknown 

Unknown 

Unknown 
+ 
- 

- 

+ 

+ 

Unknown 
+ 
Unknown 
+ 
+ 

+ 
4- 

+ 
f 

Unknown 

F = female; M = male; + = symptom was experienced by patient; - = symptom was not experienced by patient. 
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Methods. Ophthalmologic examination. Fluorescein 
angiography was performed in five patients (111-2, 111-3, 
111-9, 111-10, 111-11) using standard procedures involving 
the injection of 5 mL of aqueous fluorescein dye in the 
antecubital vein followed by serial photographs over 20 
minutes. 

Brain CTs from three deceased 
patients (111-3, 111-6, 111-14) were reviewed. Brain MRI 
(Tl- and T2-weighted axial sections with contrast) was 
carried out in six patients (111-2, 111-4, 111-9, 111-10, 111-11, 
111-19). 

Histologic studies. Formalin-fixed, paraffin-embedded 
sections from two (111-3, 111-14) patients' brain biopsies 
were obtained from Taiwan and studied by light micros- 
copy. The specimens were reprocessed for electron micros- 
copy.6 Kidney biopsy specimen was obtained from patient 
111-2 to evaluate the nature of renal dysfunction. The renal 
specimen was processed in the standard manner for light 
microscopy, electron microscopy, and immunofluores- 
cence.7 The patient later underwent appendectomy for 
abdominal discomfort; her intestinal tissue was paraffin- 
embedded for light microscopy and later reprocessed for 
electron microscopy, as above. A skin biopsy specimen for 
light and electron microscopy was obtained from the same 
patient to investigate possible systemic involvement. Gas- 
tric tissue from patient 111-9 became available for light and 
electron microscopic examination when he had elective en- 
doscopy with biopsy. 

Genetic studies. For genetic linkage analysis, after ob- 
taining informed consent of family members, we isolated 
DNA from peripheral bloods and typed a series of micro- 
satellite markers on chromosome 19p9 with the following 
loci: D19S413-5cM-D19S221-6cM-D19S226-lcM-D19S841/ 
D19S253.1° We used the MLINK option in FASTLINK" for 
two-point linkage analysis, assuming autosomal dominant 
inheritance of a rare gene (population frequency 0.0001). 

Results. Clinical data. This large kindred of Chinese 
descent has 11 affected individuals spanning three genera- 
tions (see figure l and table l). Progressive visual loss 
typically began in the third and fourth decades of life in 
affected individuals, followed by focal neurologic deficits 
within 4 to 10 years. Many affected individuals had long- 
standing psychiatric symptoms (depression, anxiety, para- 
noia) with onset in the late second decade of life. Migraine 
was common (1-1, 11-2, 111-2, 111-6, 111-3). Signs of multifo- 
cal cortical and subcortical dysfunction such as dysarthria, 
hemiparesis, apraxia, ataxia, and dementia were also com- 
mon. In addition, several members had renal dysfunction 
(111-2,111-9,111-11), with azotemia, proteinuria, or hematu- 
ria; none required dialysis. 

Fluorescein angiography. Fluorescein angiograms 
showed juxtafovealar capillary obliteration with tortuous 
telangiectatic microaneurysms in all five affected members 
who were examined (see figure 2). 

Neuroimaging. Three patients (111-2,111-9,111-10) with 
initial retinal involvement had multifocal T2 high signal 
intensity lesions in the deep white matter on MRI before 
neurologic symptoms and signs developed. With the onset 
of focal neurologic deficits, the patients had contrast- 
enhancing lesions with surrounding vasogenic edema, 
most commonly in the deep frontoparietal regions. 

Brain biopsy from patient 111-3 dis- 
closed several abnormalities. Many fragments showed fea- 

Neuroimaging studies. 

Histopathology. 

Figure 2. Mid-venous phase fluorescein angiogram from 
patient III -11  demonstrating areas of macular capillary 
dropout as well as dilated tortuous telangiectatic vessels 
and capillary shunts. 

impaired visual acuity at  age thirty-one. Having cared for 
her mother and her two brothers when they fell ill, the 
patient anticipated neurologic deterioration to follow the 
onset of scotomata. With the development of blind spots, 
the patient experienced onset of frequent right-sided head- 
aches that were occasionally preceded by visual aura. 
Though neurologically asymptomatic at  the time, she un- 
derwent a brain MRI, which revealed no focal lesions. At 
age 34, still neurologically normal, she had a repeat brain 
MRI which showed multiple small high-intensity signals 
bilaterally on T2-weighted images (figure 4A). 

At age 36, she noticed slight clumsiness in her left hand 
while typing. Within a week, the weakness had progressed 
to involve her left leg. A brain MRI showed two subcortical 
contrast-enhancing lesions with surrounding edema in the 
right frontoparietal region (figure 4B). 

A month after the onset of left hemiparesis, she devel- 
oped blurred vision and a persistent pressure-like head- 
ache that was worse while lying down, mostly involving 
her right eye and the right side of her head. One night she 
had projectile vomiting without nausea. She remained 
awake, alert, ambulatory, with reactive pupils but slightly 
blurred disk margins. Brain MRI showed increased size 
of the lesions with pronounced vasogenic edema and im- 
pending herniation (figure 4C). She was admitted to the 
intensive care unit and treated with high doses of cortico- 
steroids. Within a few days, much of the edema had 
resolved (figure 4D). Corticosteroids were slowly tapered, 
and she remained neurologically unchanged. 

At the time of the diagnosis of retinal vasculopathy at  
age 31, she had renal insufficiency manifested by elevated 
serum creatinine to 2.5 mg/dL, proteinuria (300 mg/dL), 
and hematuria (15 to 20 RBCMPF). 
1324 NEUROLOGY 49 November 1997 



Figure 3. Brain MRIs of patient III-11. (A) Visual complaints at age 32 but prior to the development of focal neurologic 
abnormalities, no focal lesion on T2-weighted images. (B) Dysarthria, hyperreflexia, and severe anxiety at  age 42, multi- 
ple hyperintense T2-weighted lesions in the paraventricular white matter and the corpus collosum. (C) The lesions in 
panel B enhance after gadolinium injection on TI-weighted images. (D) Within a year, multifocal subcortical lesions coa- 
lesce to form large confluent areas of abnormal T2-weighted signal intensity. 

tures of a subacute cerebral infarct, with extensive nuclear 
fragmentation and spongy change, often centered on small 
blood vessels occluded by fibrin thrombi. Neurons were 
surrounded by significant edema. No inflammation was 
observed in the leptomeninges. No senile plaques, neurofi- 
brillary tangles, or cerebral amyloid angiopathy were iden- 

tified. There was no evidence of a neoplasm or a vasculitis. 
There was intense subpial and subcortical white matter 
astrocytic gliosis. Material from available tissue blocks re- 
processed for electron microscopy was suboptimal for de- 
tailed evaluation; however, multilayered appearance to the 
capillary basement membrane was noted (figure 5A). 
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Figure 4. Brain MRIs of patient 111-2. (A) Neurologically asymptomatic except for migraine-like headache with onset of 
retinopathy at age 31, multiple small subcortical hyperintense lesions on T2-weighted images. (B) Slight clumsiness in 
her left hand and left leg at age 36, contrast-enhancing lesions with surrounding edema in the right frontoparietal sub- 
cortical region on T1-weighted images. (C) Persistent headache with a n  episode of projectile vomiting but no other neuro- 
logic changes, increased size of the lesions with marked edema and mass effect on proton-weighted images. (0) After 3 
days of intravenous Decadron, decreased edema on proton-weighted images. 

Renal specimen by light microscopy displayed irregularly 
thickened capillary walls and slightly widened mesangial re- 
gions. By electron microscopy, most glomerular capillary 

walls were thickened, oRen with peripheral migration and 
interposition of mesangial cells. The original (subepithelial) 
basement membranes were normal; however, subendothelial 
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Figure 5. Electron microscopic appearance of vessels. (A) Brain, patient 111-3. Reprocessed specimen with several layers of 
basement membrane (arrow) in cerebral capillary (X 11,000, before 32% reduction). (B) Normal glomerular capillary wall 
from age-matched control to patient 111-2. Note uniform appearance and thickness of basement membrane (arrow) (ve = 
visceral epithelial cell, e = endothelial cell) ( X l O , O O O ,  before 32% reduction). (C) Glomerular capillary wall, patient III-2. 
The original basement membrane (arrow) beneath visceral epithelial cell (ve), while somewhat wrinkled, approaches a 
normal appearance. The basement membrane (arrowheads) beneath endothelial cell (e) is multilayered. A mesangial cell 
(m) separates the two basement membranes (X 12,800, before 30% reduction). (D) Renal peritubular capillary (patient 
111-2) with multilayered basement membrane (arrow) beneath endothelial cell (X 10,000, before 32% reduction). (E) Cuta- 
neous vessel (patient 111-2) with similar multilayered basement membrane changes (arrow) (X 11,400, before 32% reduc- 
tion). (F) Gastric mucosa (patient III-9) with multilayered capillary basement membrane (arrow) (X9,900, before 
30% reduction). 

basement membranes were multilayered with alternating 
medium dense and lucent zones (figure 5, B and C). Endothe- 
lial cell cytoplasm was normal or slightly swollen. Similar 
changes were noted in glomerular capillary walls without 
mesangial interposition. Basement membranes of peritubu- 
lar capillaries and beneath arterial and arteriolar endothelial 
cells were also multilayered with an appearance identical to 
that described for glomerular capillaries (figure 5D). Tubular 
basement membranes had a normal appearance or were ir- 
regularly thickened in atrophic structures. 

Ultrastructural examination of appendix, omentum, 
and skin (figure 5E) of patient 111-2 and gastric tissue from 
111-9 (figure 5F) disclosed multilayered basement mem- 
branes, similar to the above, beneath endothelial cells of 
capillaries, arterioles, and venules. 

There was no evidence of either abnormal mitochondria 
or accumulation of mitochondria in any tissue examined by 
electron microscopy. 

Genetic studies. Linkage analysis was performed to de- 
termine whether the vasculopathy in this kindred was 
linked to the CADASIL locus. The painvise linkage data, 
with the assumption that the disease is caused by a single 
defective gene with dominant inheritance, are given in 
table 2. At a recombination fraction of 0.0 all of the mark- 
ers had a lod score of -3 or less. For marker D19S841, 
reported to have the highest combined lod score in families 
with CADASIL,12 the lod score in our family was negative 
at a recombination fraction of 0.05. This linkage data 
makes it extremely unlikely that the Notch3 mutation on 
19p causing CADASIL is involved in the pathogenesis of 
hereditary endotheliopathy with retinopathy, nephropa- 
thy, and stroke (HERNS) in this kindred. 

Discussion. We report a syndrome of retinopathy, 
nephropathy, and recurrent strokes with a hereditary 
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Table 2 Results of pairwise linkage analyses of chromosome 19 

lod score at 8 = 

Marker 0 0.01 0.05 0.1 0.2 0.3 0.4 

D19S413 -4.53622 -0.854223 -0.223966 -0.01026 0.113 139 0.11 1679 0.065115 

0.449216 D19S221 -2.9999 0.182049 0.83045 1.023206 1.013965 0.793097 

D19S226 - 3.77 144 0.181826 0.830424 1.023194 1.013962 0.793096 0.449216 

D19S841 -5.74242 - 1.558315 -0.715162 -0.339933 -0.045479 0.0248 0.013328 

D19S253 -5.175697 - 1.604074 -0.739067 -0.347303 -0.040075 0.02997 0.014812 

pattern most consistent with autosomal dominant in- 
heritance. The underlying mechanism appears to be 
a generalized vasculopathy with disruption of the 
integrity of capillaries and arterioles. Fluorescein an- 
giograms clearly demonstrate retinal vasculopathic 
changes. That the intracerebral lesions showed 
contrast enhancement on imaging studies indicates 
breakdown of the blood-brain barrier. The surrounding 
edema in a vasogenic pattern also suggests increased 
capillary permeability. Furthermore, findings from re- 
nal, skin, and gastric biopsy specimens demonstrate 
systemic basement membrane abnormalities. Since 
basement membrane is synthesized by the endothelial 
cells, the basement membrane abnormalities may re- 
flect primary endothelial injury. 

The radiologic findings of contrast-enhancing, 
space-occupying lesions in the frontoparietal region 
and the clinical profile of cerebral and retinal in- 
volvement in patients of this kindred are similar to 
those reported in hereditary cerebroretinal vasculopa- 
thy, which is of autosomal dominant inheri tan~e.~.~ 
However, renal insufficiency seen in this kindred is not 
a feature in the latter entity. It is unclear whether 
HERNS is the same as cerebroretinal vasc~lopathy,4~~ 
where only limited light microscopic findings are 
available and no systemic involvement has been docu- 
mented. Electron microscopic examination of the 
biopsy specimens from affected members of other 
pedigrees may help clarify whether the vasculopathic 
features in these families are similar. 

Although pedigree in this kindred raises the possi- 
bility of maternal transmission, the pathologic findings 
in HERNS are not consistent with a mitochondrial 
disorder. Multifocal cortical and subcortical lesions in 
patients with mitochondrial myopathy, encephalopa- 
thy, lactic acidosis, and stroke-like episodes ( M E W )  
are thought to result from mitochondrial angiopathy, 
characterized by accumulations of abnormal mitochon- 
dria in vascular smooth muscle and endothelial ~el1s.l~ 
In this kindred, we observed no abnormal mitochon- 
dria or accumulation of these organelles in tissues 
processed for ultrastructural studies. Furthermore, 
multilaminated basement membrane, a prominent 
finding in HERNS, has not been reported in mitochon- 
drial angiopathy. The microangiopathy in HEWS is 
unlikely to result from mitochondrial abnormality. 

This kindred has a vasculopathic process distinct 
from CADASIL. Pathologically, CADASIL is charac- 
1328 NEUROLOGY 49 November 1997 

terized mainly by normal endothelial cells and basal 
lamina but concentrically thickened media of cerebral 
microvessels, which on ultrastructural examination 
shows an electron dense granular material inter- 
spersed among the smooth muscle layer extending into 
the adventitia.14J5 HERNS is characterized by a mi- 
croangiopathy with markedly thickened, multilayered 
subendothelial basement membranes. Further evi- 
dence for the distinction between HERNS and CADA- 
SIL is the absence of linkage to the CADASIL locus on 
chromosome 19. Locus heterogeneity in hereditary 
multi-inf'arct dementia has been reported by others. l6 

Progressive neuropsychiatric deterioration is com- 
mon to  Binswanger subcortical leukoencephalopathy 
(BSL), CADASIL, hereditary cerebroretinal vascu- 
lopathy, and HERNS (table 3). These symptoms and 
signs are most likely manifestations of diffuse CNS 
damage brought about by multifactorial mecha- 
n i s m ~ . ~ ~  Similarly, migraine-like headache, another 
common feature, may reflect vasculopathy without 
regard to specific pathogenesis. 

The clinical significance and the pathologic basis 
of white matter signal changes remain poorly under- 
stood. Breakdown of the blood-brain barrier result- 
ing in increased vascular permeability appears to be 
the common final pathway in all the multi-infarct 
syndromes. Endothelial injury brings about major 
biochemical changes: increased oxygen free radical 
formation; increased production of endothelial, 
smooth-muscle cell, and astrocytic mitogens as well 
as chemotactic factors for neutrophils and fibro- 
blasts; release of vasoactive compounds such as his- 
tamine and endothelin; decreased prostacyclin; and 
decreased plasminogen activator a~t iv i ty . '~J~  These 
biochemical changes may lead to endothelial prolifer- 
ation, perivascular inflammation, astrocyte and 
smooth muscle cell proliferation, thrombus forma- 
tion, and vasoconstriction. Increased filter perme- 
ability and focal brain edema contribute to  cerebral 
tissue injury. 

Endothelial injury is common to many disorders, 
including hypertension, thrombotic microangiopa- 
thies, diabetes mellitus, immunologically mediated 
injury, metabolic damage, and, probably, Alzheimer's 
disease.20s21 In the more common disorders with 
morphologic abnormalities of capillary basement 
membranes such as diabetes mellitus, glomerular 
capillaries typically show uniform thickening of 



Table 3 Comparison of leukoencephalopathic syndromes 

Syndrome Heredity Clinical features Radiographic features Vasculopathic features 

Binswanger subcortical 
leukoencephalopathy 
(BSL) 

myopathy, 
Mitochondrial 

encephalopathy , 
lactic acidosis, 
stroke-like episodes 
(MELAS) 

CADMIL 

Hereditary 
cerebroretinal 
vasculopathy 

endotheliopathy with 
retinopathy, 
nephropathy, and 
stroke (HERNS) 

*Hereditary 

Sporadic Strokes, mood 
disorders, 
dementia 

Maternal Seizures, alternating 
transmission hemiparesis 

Autosomal Strokes, migraine, 
dominant mood disorders, 

dementia 

Autosomal Strokes, retinopathy, 
dominant dementia 

Autosomal Strokes, retinopathy, 
dominant nephropathy, 

migraine, mood 
disorders, 
dementia 

Non-contrast-enhancing 
white matter high T2 signal 
1 e s i o n s 

Multifocal gray and white 
matter high T2 signal 
lesions 

Non-contrast-enhancing 
white matter high T2 signal 
lesions 

Contrast-enhancing white 
matter lesions with 
vasogenic edema 

matter lesions with 
vasogenic edema 

Contrast-enhancing white 

* This report. 
t Light microscopy only. 

basement membrane.20 Galloway-Mowat syndrome, 
a rare inherited disorder of microcephaly, nephrotic 
syndrome, and hiatal hernia,22 is characterized by 
thickened but structurally disorganized glomerular 
basement membrane with normal endothelial cells 
and basement membranes in non-renal 
None of these disorders exhibit the characteristic 
multilayering of basement membrane seen in the 
kindred we describe. It should be noted, however, 
that multilayering of peritubular capillary basement 
membranes is common in chronic renal transplant 
rejection and has been considered a manifestation of 
recurrent endothelial cell injury in this setting. 

I t  is unclear why a generalized vasculopathy 
should preferentially affect the brain, the retina, and 
the kidney. One explanation may be that these or- 
gans rely heavily on an intact endothelial barrier to  
maintain proper function and are particularly “elo- 
quent” when injured. Furthermore, the basis for the 
regional vulnerability in the brain is intriguing in 
that the intracranial mass lesions tended to involve 
the frontoparietal region in both HERNS and cere- 
broretinal vasculopathy. 

It is also puzzling that, although focal edema was 
noted in brain tissues from the various syndromes, 
white matter lesions on neuroradiologic studies of 
BSL and CADASIL do not show contrast enhance- 
ment, whereas those in hereditary cerebroretinal 
vasculopathy and in HERNS do. Differences in the 
types of vessels affected and chronicity may account 
for the discrepancy we observe in these various 

Thickened, hyalinized arterioles 

Mitochondrial angiopathy with 
accumulation of abnormal 
mitochondria in swollen 
cerebral capillary endothelial 
cells and arteriolar smooth 
muscle cells 

Systemic non-atheromatous, 
non-amyloid arteriopathy 
with destruction of the 
vascular smooth muscle cells 
and the formation of 
granular, electron-dense, 
eosinophilic material 

Fibrinoid necrosis without 
inflammation? 

Systemic vasculopathic changes 
with multilaminated 
basement membrane 

multi-infarct syndromes. One possible explanation is 
that the vasculopathy in BSL and CADASIL involves 
mainly arterioles, whereas the smaller vessels are 
affected in hereditary cerebroretinal vasculopathy 
and HERNS. The progression of disease is much 
more rapid in the latter conditions, making it more 
difficult for the brain to compensate for markedly 
increased edema. 

There is no effective treatment to offer patients 
with HERNS. Aspirin, with its antiplatelet actions, 
has not shown any benefit in several patients in this 
family. Resection of the “pseudotumor” has not 
helped those who underwent this procedure, nor has 
laser treatment been shown to control retinal vascu- 
lopathy. Other than supportive care (e.g., physical 
therapy, corticosteroid to minimize cerebral edema, 
and antihypertensive medication for renal disease- 
induced hypertension), treatment would ideally be 
aimed at maintaining the integrity of the capillaries 
as well as prevention of the progression of white 
matter damage. Grand et al.4 noted the histologic 
similarities between hereditary cerebroretinal vascu- 
lopathy and delayed radiation-induced cerebral ne- 
crosis. Delayed cerebral radiation necrosis appears 
to  result from damage of the endothelial cells of 
small vessels.24 The observation of similarities be- 
tween hereditary cerebroretinal vasculopathy and 
delayed radiation-induced cerebral necrosis may 
have important therapeutic implications since anti- 
coagulation may arrest and reverse endothelial 
injury and has been shown to produce clinical im- 
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provement in some patients with the latter condi- 
t i ~ n . ~ ~  

In addition to CADASIL and HERNS, we antici- 
pate recognition of other forms of hereditary vascu- 
lopathy with systemic involvement. In patients with 
familial multi-infarct syndrome, skin biopsy with 
careful ultrastructural examination may provide 
much needed pathologic details. 
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