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Reduction of microbleeds by
immunosuppression in a patient with
Ab-related vascular inflammation

ABSTRACT

Objective: To investigate whether the occurrence or clearance of microhemorrhages in cerebral
amyloid angiopathy (CAA)-related vascular inflammation can be modified by immunosuppressive
treatment.

Methods: Clinical and radiologic follow-up for more than 5 years of a patient with histopatholog-
ically confirmed CAA-related vascular inflammation treated with a prolonged and tapered regi-
men of IV cyclophosphamide and oral steroids.

Results: Under long-term immunosuppressive treatment, a reduced number of cortical micobleeds
was observed on repeat MRIs because of both the prevention of new microbleeds and the clear-
ance of those existing at baseline.

Conclusions: Sustained immunosuppression should be considered and systematically investi-
gated as a treatment option for cortical microbleeds in CAA and related inflammatory
phenotypes.

Classification of evidence: This study provides Class IV evidence. This is a single observational
study without controls. Neurol Neuroimmunol Neuroinflamm 2015;2:e165; doi: 10.1212/

NXI.0000000000000165

GLOSSARY
Ab5 b-amyloid; ABRA5 Ab-related angiitis; AD5 Alzheimer dementia; CAA5 cerebral amyloid angiopathy; CAA-ri5CAA-
related inflammation; FLAIR 5 fluid-attenuated inversion recovery.

Cerebral amyloid angiopathy–related inflammation (CAA-ri) and b-amyloid (Ab)-related angi-
itis (ABRA) represent a subgroup of cerebral amyloid angiopathy (CAA). Whereas CAA pre-
dominantly presents with recurrent lobar intracranial hemorrhages, CAA-ri and ABRA are
clinically characterized by subacute focal neurologic deficits and encephalopathy with progress-
ive cognitive impairment, behavioral alterations, psychosis, focal or generalized seizures, and
headache. Histologic features of CAA-ri consist of segmental perivascular inflammatory infil-
trates and ABRA shows vasculitic, transmural, often granulomatous inflammatory infiltrates that
are similar to those seen in primary angiitis of the CNS. Accordingly, current treatment regi-
mens consist mainly of aggressive immunosuppressive therapy with steroids and cytostatic
agents such as cyclophosphamide and azathioprine. However, treatment strategies and reported
outcomes for ABRA and CAA-ri vary substantially, and both prospective studies and reports on
clinical experiences are desperately needed to improve the current therapeutic strategies for this
disease. In this study, we present a patient with pathologic features of ABRA and CAA-ri in
whom a prolonged and tapered immunosuppressive treatment with steroids and cyclophospha-
mide not only resolved encephalopathy and clinical symptoms but also was associated with a
reduced number of microbleeds as radiologic features of CAA.
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CLINICAL CASE In December 2008, a 52-year-old
right-handed Caucasian man was referred to our
emergency department after a complex partial
seizure. On admission, the patient was not oriented
postictally and complained about hypesthesia of the
right thigh and the fingertips as well as intermittent
tinnitus; the remainder of the neurologic
examination was normal. Otherwise healthy, the
patient had experienced an acute otitis media 4
weeks prior to admission that was treated with
antibiotics for 3 days. The patient’s history included
cigarette smoking, hypothyroidism, hypertension,
and dyslipidemia. His regular medication included
L-thyroxin, aspirin, metoprolol, ramipril, and
simvastatin at usual dosages. His father had been
diagnosed with Alzheimer dementia (AD), but the
family history was unremarkable for further AD
cases or other neurologic diseases.

Consistent with left temporal intermittent epilep-
tiform activity in the first EEG, the initial CT scan
revealed a subcortical hypodensity with contrast
enhancement in the left parieto-occipital-temporal
lobe. A cranial MRI showed diffuse cerebral edema
in the right frontobasal and temporal region, as well
as in the left temporopolar compartment with multi-
ple parenchymal hemorrhages (figure 1). Diffusion-
weighted and contrast-enhanced images, including a
venous angiogram, were normal. Cerebral venous
sinus thrombosis and dural arteriovenous fistulae
were excluded by catheter angiography. An otolaryng-
eal examination was unremarkable, and a CT scan
revealed fluid retention in the left mastoid without

affecting the bone. Blood tests including a screening
for thrombophilia were normal except for low
thyroid-stimulating hormone and a mild elevation
of C-reactive protein. CSF analysis including ferritin
showed an elevated protein of 559 mg/L (range
,500) but was otherwise normal. Antiepileptic treat-
ment was initiated with carbamazepine and the
patient was discharged.

Upon progression of the fluid-attenuated inver-
sion recovery (FLAIR) hyperintensities in a follow-
up MRI 6 weeks later (figure 1), 2 brain biopsies were
taken from the lesion in the right frontal lobe. Both
specimens showed Congo red–positive thickening of
cortical and leptomeningeal vessel walls accompanied
by multiple acute microhemorrhages and focal hemo-
siderin deposits. Immunohistochemical stainings re-
vealed multiple, mostly diffuse, Ab deposits in the
parenchyma but no evidence of tau pathology. The
vessels with intramural Ab deposits often showed per-
ivascular or transmural inflammatory infiltrates,
including CD31, CD81, and some CD201 lympho-
cytes as well as CD681 monocytes, multinucleated
giant cells, and surrounding reactive astrocytes (figure
2). In some of these vessels, angiodestructive changes
of their walls were seen. Based on these findings, a
diagnosis of “cerebral Ab angiitis” was made and
immunosuppressive treatment was initiated with
daily oral prednisone and pulses of IV cyclophospha-
mide (table).

After 2 treatments with cyclophosphamide 4
weeks apart, there was marked clinical improvement
and the patient reported a regression of his tinnitus

Figure 1 Imaging of disease onset and treatment response

Repeat MRI scans including fluid-attenuated inversion recovery (FLAIR) (A) and T2 fast field echo (B) sequences. All images were acquired on a 3T MRI scan-
ner. Upon initiation of immunosuppressive treatment in April 2009, there was a rapid resolution of FLAIR hyperintensities within 8 weeks. In response to the
following maintenance therapy, the number of microbleeds markedly dropped.
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and partial improvement of the abovementioned hyp-
esthesia. Delayed recall, which was shown to be
mildly impaired in formal neuropsychological testing
at baseline, was also restored. A follow-up MRI

demonstrated near-complete resolution of T2/FLAIR
hyperintensities (figure 1). Immunosuppressive treat-
ment was continued, but oral prednisone was gradu-
ally tapered to a maintenance dose of 5 mg and the
time intervals between cyclophosphamide pulses
gradually increased to 3, 6, 9, and finally 12 months.
In order to reduce the possible risk of secondary
malignancies,1 pulse doses of cyclophosphamide were
reduced to 375 mg/m2 in 2012 and to 200 mg/m2 in
2013 (table). During this treatment, the disease re-
mained clinically and radiologically stable. Of note,
there were no further microbleeds on repeat MRIs
until July 2014, and the number of existing micro-
bleeds was substantially reduced (figure 3).

Overall, immunosuppressive treatment was both
effective and well tolerated. Cyclophosphamide was
administered together with mesna and odansetron
after exclusion of infections as well as regular full
blood counts and control of renal and liver function.
Because of an elevation of liver enzymes in response
to carbamazapine, anticonvulsive treatment had
already been switched to levetiracetam prior to immu-
nosuppressive treatment, and the patient remained
seizure-free. Steroid treatment was accompanied by
supplementation with vitamin D and calcium, and

Table Treatment regimen

Date
Cyclophosphamide,
mg/m2

Prednisone,
mg/d

April 3, 2009 750 100

April 29, 2009 750 80

May 27, 2009 750 80

August 19, 2009 750 50

March 3, 2010 750 20

September 22, 2010 750 10

May 19, 2011 750 10

May 16, 2012 375 10

June 22, 2013 200 10

August 22, 2013 — 5

Pulses of IV cyclophosphamide were administered together
with mesna and odansetron. The cumulative dose of 13.9 g
remained below the estimated lower limit of 20 g for long-
term myelotoxic side effects. Daily oral steroid treatment
was supplemented with calcium and vitamin D.

Figure 2 Pathologic diagnosis of CAA-related vascular inflammation

Hematoxylin & eosin staining (A) revealed focal intramural inflammation including lymphocytes, multinuclear giant cells, and
surrounding reactive astrocytes. Vascular amyloid deposits in cortical and leptomeningeal vessels were seen on Congo red
stain (B) and immunohistochemical stainings against b-amyloid (C). Staining against CD68 (D) highlights monocytic involve-
ment. All images taken at 2003.
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initial weight gain was well controlled by dietary
measures. During treatment, the patient developed
polyneuropathy, which improved upon replacement
of vitamin B12 depletion. In 2011, the patient again
noted difficulties with attention, memory, and word
finding. Formal neuropsychological testing was unre-
markable except for mild deficits in delayed recall.
CSF examination showed a pathologic Ab42/40 ratio
of 0.05 (normal .0.09); absolute CSF levels of
Ab42, tau protein, and phosphorylated tau protein
were within normal limits.

DISCUSSION Although Ab-related CAA can present
with variable symptoms, the clinical picture of the
patient is highly consistent with the phenotypes
described as ABRA2 and CAA-ri.3 Specifically, his pre-
sentation with mild cognitive impairment, seizure, and
a focal neurologic deficit as well as his young age is in
accordance with both ABRA and CAA-ri compared to
CAA without inflammation.4 Of note, the patient had
histopathologic features of both ABRA and CAA-ri,
corroborating the suggestion that they are in fact part
of a spectrum.4 In line with previous reports, there was
marked improvement of T2/FLAIR-hyperintense
lesions on MRI following treatment with oral steroids
and/or cyclophosphamide.5 Only a very small number
of patients have been reported to survive more
than 60 months across the available literature.

As a novel finding, this patient also showed a
reduction of CAA-associated microbleeds in
response to immunosuppressive treatment.

This finding suggests that immune mechanisms
contribute to the leakage of cerebral vasculature in
CAA-ri and ABRA, since no further cortical micro-
bleeds occurred under prolonged immunosuppressive
therapy. Of note, disease activity in CAA-ri has
recently been shown to be correlated with levels of

Ab autoantibodies in the CSF.6 If such antibodies
are indeed causative, immunosuppressive treatment
may have prevented disease progression by suppress-
ing their production by B cells.7 Alternatively, the
treatment with steroids and/or cyclophosphamide
ameliorated the toxicity of vascular Ab deposits by
an inflammation-independent mechanism, for exam-
ple by reducing the production of Ab or facilitating
its phagocytic clearance. In fact, the gradual reduction
of micobleeds under immunosuppression suggests
that immune factors may suppress the local removal
of preexisting microbleeds. Consistent with this,
proinflammatory mediators such as cytokines have
been found to impair microglial Ab clearance capac-
ity in rodent models of cerebral amyloidosis.8,9 There-
fore, immunosuppressive treatment could also
decrease Ab levels as drivers of CAA-ri. Beyond that,
we cannot exclude the possibility that microbleeds
disappeared by regular clearance in the natural disease
course. Following a short course of immunosuppres-
sive treatment, however, a follow-up study including
MRI with gradient echo and susceptibility-weighted
sequences reported no more than the resolution of
edema over a mean follow-up of 45 months in 12
patients with CAA-ri.5

Finally, the beneficial effect of sustained immuno-
suppressive therapy as observed in this single patient
needs to be verified and if possible studied in a ran-
domized trial. The pathologic demonstration of peri-
vascular lymphomonocytic infiltrations in pure CAA,
in both sporadic10,11 and familial11 forms, may suggest
a similar angiodestructive role of inflammation.
Because both lymphocytes and monocytes are tar-
geted by cyclophosphamide,12,13 not only patients
with ABRA and CAA-ri but all patients with CAA
may benefit from an immunosuppressive therapeutic
approach. Overall, this finding adds to the growing
evidence for an interaction of inflammatory and
degenerative mechanisms in neurodegenerative
disorders.14
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Figure 3 Comparison of microbleeds before and after treatment

Coronal T2*-weighted image from May 2009 (left) shows multiple dotlike hypointense mi-
crobleeds mainly in the left temporal lobe. Although some lesions were still seen in 2014
(right, arrows), most of the microbleeds disappeared (arrowheads).
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