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A 70-year-old man presented with two months of worsening cognitive impairment, hallucinations, and
difficulty speaking, with superimposed headaches. Cerebrospinal fluid analysis was notable for lympho-
cytic pleocytosis and elevated protein. Imaging studies revealed multiple acute and subacute infarcts
with cortical microhemorrhages. The patient underwent a stereotactic brain biopsy. In this article, we
discuss the patient’s differential diagnosis, pathologic findings, ultimate diagnosis, and clinical outcome.

� 2017 Published by Elsevier Ltd.
1. Case description

A 70-year-old man with diabetes mellitus, hypertension, and
hyperlipidemia was in his usual state of health when he developed
generalized malaise for one week followed by left retro-orbital
headache with associated nausea and vomiting. He attended
urgent care and was treated with intravenous analgesics with
relief. A week later, he noticed word-finding difficulties, left-
sided vision loss and inability to function at his job. He presented
to a hospital, where a computed tomographic (CT) scan of his head
was normal, and he was discharged home. Two days later, he re-
presented and was admitted with new onset speech arrest and
visual hallucinations. He had no history of fevers. Brain magnetic
resonance imaging (MRI) was reportedly abnormal, but this was
not thought to fully explain his clinical decline. He had an exten-
sive evaluation, and was diagnosed with a viral meningoencephali-
tis and treated with IV acyclovir until the CSF HSV PCR returned
negative. Over the course of two weeks his clinical status
improved. He was discharged to a rehabilitation facility. One week
later, he was readmitted after a fall with head strike in the setting
of ongoing agitation and hallucinations. Repeat Brain MRI and lum-
bar puncture were again abnormal. He was transferred to our hos-
pital for further evaluation and management.

On admission to our hospital his neurologic examination was
abnormal. He intermittently picked at the air. He had a paucity
of speech and impaired word retrieval. He was oriented to year,
but not to month or hospital. He perseverated and was inattentive.
His long-term memory was intact when speaking about his prior
employment. Visual fields and extraocular movements were intact
but optic ataxia was present. Tone, power, and reflexes were nor-
mal bilaterally. Plantar reflexes were flexor.

Throughout his hospitalization, his neurological and mental sta-
tus examinations waxed and waned. At his best, he was attentive,
fully oriented and demonstrated moderate insight into his care and
treatment plan. Episodically, he experienced acute agitation, hallu-
cinations, expressive aphasia, and right-sided facial weakness that
resolved within hours.
2. Results

Laboratory testing of electrolytes, complete blood count, renal
function and liver function was normal. The following serum stud-
ies were also negative or normal: thyroid-stimulating hormone,
y caus-
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ammonia, vitamin B12, C-reactive protein, erythrocyte sedimenta-
tion rate, thyroid peroxidase antibodies, human immunodeficiency
virus antibodies, lyme enzyme-linked immunosorbent assay, rapid
plasma reagin, antinuclear antibody, anti-neutrophil cytoplasmic
antibody (ANCA), lupus anticoagulant, cryoglobulins. The following
antibodies were negative or normal: Anti-smooth muscle, Anti-
smith, double-stranded DNA, anti-Ro, anti-La, Beta-2 glycoprotein
IgG and IgM, ribonucleoprotein (RNP), myeloperoxidase (MPO),
proteinase 3 (PR-3). Complement C3 was normal at 132 mg/dl.
C4 was mildly elevated at 44 mg/dl. Serum and urine protein elec-
trophoresis were normal.

Three lumbar punctures were performed during his hospitaliza-
tions and are reported in Table 1. All were inflammatory with a
lymphocytic predominance. CSF was negative for herpes simplex
virus (HSV) 1 and 2 on serial studies as well as at least one negative
result for Eastern equine encephalitis virus (EEE) IgM, Powassan
virus IgM, West Nile virus (WNV) IgM and IgG, Cryptococcus anti-
gen, and Treponemal IgG antibody. CSF bacterial culture grew no
organisms. CSF flow cytometry revealed 90% of the cells were
CD3-positive T cells (CD4:CD8 ratio of 4.1). CSF cytology showed
an increased number of lymphocytes, including occasional reactive
forms.

Serum and cerebrospinal fluid (CSF) paraneoplastic panels were
negative. CSF neuron-specific enolase and 14-3-3 protein were
negative.

The patient’s brain MRI on repeat admission to the outside hos-
pital is shown in Fig. 1 and notable for bilateral deep white matter
hyperintensities consistent with small vessel disease as well as
restricted diffusion in the left parietal lobe. A follow-up MRI ten
days later at our institution is depicted in Fig. 2 and demonstrates
new areas of restricted diffusion in bilateral hemispheres. Addi-
tionally, multiple susceptibility-weighted imaging (SWI) lesions
suggestive of cortical microhemorrhages were found. These micro-
Table 1
Laboratory data – Lumbar puncture results.

Variable Reference range Hos

Total nucleated cells (/mL) 0.00–0.02 62
Neutrophils (%) – –
Lymphocytes (%) – –
Monocytes/Macrophages (%) – –

RBC Count (/mL) – 28
Xanthochromia Negative NA
Total Protein (mg/dl) 10–44 221
Glucose (mg/dl) 40–70 49

Fig. 1. Brain MRI, axial cuts. Images obtained hospital day 24 from initial hospitalization
sequences show small area of restricted diffusion in left parietal lobe. (C) Fluid attenua
white matter. (D) Gradient echo sequence is without evidence of microhemorrhages.
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hemorrhages were not seen on outside imaging which used gradi-
ent echo sequence rather than SWI. Findings from CT and repeat
MRI studies also revealed a new left subdural hematoma (SDH)
with associated mild midline shift. Of note, this was after the fall
sustained at the rehabilitation facility. CT and MR angiogram of
neck and head showed no evidence of a vasculopathy, dural arteri-
ovenous fistula or cortical venous sinus thrombosis.

Initial electroencephalogram (EEG) performed on day 9 at the
outside hospital demonstrated diffuse encephalopathy with inter-
mittent frontotemporal rhythmic slowing. EEGs performed follow-
ing discovery of left SDH at our hospital revealed occasional left
temporal focal delta slowing and bilateral semi-rhythmic slow
waves consistent with left temporal cerebral dysfunction and
bihemispheric encephalopathy. No epileptiform discharges or elec-
trographic seizures were seen. We did not capture any acute epi-
sodes of agitation, aphasia or right facial weakness while on EEG.

Transthoracic echocardiogram (TTE) was normal. Trans-
esophageal echogram (TEE) was aborted due to inability to traverse
the esophagus. Transcranial doppler High-Intensity Transient sig-
nals (HITs) were negative for cerebral emboli. CT examination of
the chest, abdomen, and pelvis revealed no evidence of
malignancy.
3. Discussion

This patient’s rapid evolution from highly functional to mark-
edly cognitively impaired over a course of two months focuses
the differential diagnosis on a rapidly progressive dementia
(RPD). The inflammatory CSF and abnormal brain imaging suggest
infectious, inflammatory, or vascular etiologies as most likely, but
also possible are autoimmune, neoplastic, prion disease, and non-
prion neurodegenerative etiologies. According to data from 1160
pital Day 9 Hospital Day 24 Hospital Day 33

24 1
4.0 11
80.0 54
16.0 26

1600 42
Negative Present
113 62.9
50 137

. (A) Diffusion-weighted imaging (DWI) and (B) apparent diffusion coefficient (ADC)
ted inversion recovery (FLAIR) sequence demonstrates T2 hyperintensities in deep
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Fig. 2. Brain MRI, axial cuts. Images obtained hospital day 34 from initial hospitalization. (A) DWI and (B) ADC sequences show areas of restricted diffusion in bilateral
hemispheres. (C) FLAIR sequence again demonstrates T2 hyperintensities in the deep white matter along with a new left SDH. (D) SWI sequence reveals cortical
microhemorrhages.

G.F. Crotty et al. / Journal of Clinical Neuroscience xxx (2017) xxx–xxx 3
autopsies over a 10-year period 23% of cases of RPD had ‘‘treatable
causes” [1]. A systematic and comprehensive evaluation was there-
fore appropriately undertaken in efforts to identify a reversible
etiology.

Although the time course in this case is not typical, non-prion
neurodegenerative disease is a possible etiology in patients with
RPD. Studies have shown that non-prion neurodegenerative expla-
nations for RPD were found in 36.8% of subjects [2]. Additionally,
non-prion neurodegenerative diseases are overall the most com-
mon cause of cognitive decline in older individuals. In this patient’s
case, however, collateral history from the patient’s partner con-
firmed an acute change. Further, neurodegenerative conditions
such as Alzheimer’s disease (AD), frontotemporal lobar degenera-
tion (FTLD) and dementia with Lewy body disease (DLB) would
not explain his CSF or imaging findings.

Prion disease should be considered in any case of RPD. Typical
signs of prion disease include myoclonus, 1–2 Hz epileptiform dis-
charges [3], and brain MRI with hyperintensity and restricted dif-
fusion in the cortical gyri and basal ganglia [4]. Our patient
lacked these typical findings. Additionally, CSF 14-3-3 protein
was negative, although this is an imperfect test that lacks the sen-
sitivity and specificity needed to dramatically alter pre-test proba-
bility of having CJD [3]. Lastly, the CSF pleocytosis seen in this
patient would be uncommon in prion disease [5].

The patient’s abnormal CSF, rapid clinical progression, and
ischemic/hemorrhagic brain lesions could be explained by an
autoimmune or paraneoplastic cause. Autoimmune encephalitis
often presents with early limbic involvement and patients may
present with memory and/or behavioral disturbances. CT examina-
tion of chest, abdomen and pelvis was negative for malignancy.
The normal serum and CSF paraneoplastic panels made a known
syndrome less likely but did not entirely exclude the possibility
of an autoimmune condition for which the antibody has not yet
been identified. The ischemic and hemorrhagic brain lesions could
represent emboli from marantic endocarditis which is sometimes
seen in the context of autoimmune conditions and malignancy.
Serum markers for an autoimmune condition were uniformly neg-
ative. TTE exonerated a large vegetation on a cardiac valve, but
unfortunately the more sensitive transesophageal echo was not
obtained due to patient factors [6].

Infection is a distinct possibility in the presence of such an
inflammatory CSF profile. The time course for this patient, as well
as only moderately elevated white blood cells with a lymphocytic
pleocytosis, argues against bacterial meningoencephalitis. Elevated
protein and normal glucose are seen in viral infections but again,
the prolonged time course and negative CSF viral studies argue
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against this. HSV PCR can be falsely negative, particularly early in
the illness [7] but in this patient’s case, multiple lumbar punctures
were obtained with serial negative HSV PCRs. Blood and CSF addi-
tionally failed to grow any organisms. The CSF profile is not consis-
tent with a fungal or tubercular etiology given normal CSF glucose.
Serum TB and lyme tests were both negative. In absence of culture
growth, it is also less likely that the ischemic and hemorrhagic
brain lesions represent septic emboli, although echocardiography
was obtained as discussed.

The presence of multifocal areas of diffusion restriction as well
as microhemorrhages raises particular concern for a vascular pro-
cess – likely an inflammatory one given the composition of the
CSF. Reversible cerebral vasoconstriction syndrome (RCVS) is a
consideration given his initial headache although his headache
lacked the ‘thunderclap’ quality. RCVS also typically affects
younger people, aged 20–40 years and women more than men.
However, CSF is often normal [8], which differed from this patient’s
case. Primary and secondary vasculitides could explain both imag-
ing and CSF findings. Secondary vasculitis is less likely in absence
of a systemic autoimmune condition, of which there were no signs
and symptoms for this patient. Primary angiitis of the central ner-
vous system (PACNS), albeit extremely rare, accounting for just 1%
of the systemic vasculitides [8], was a distinct possibility in this
case. Angiography can be utilized to detect segmental narrowing
in multiple vessels. In this case, neither CT nor MR angiography
demonstrated any evidence of a vasculopathy. Although conven-
tional angiography is often recommended in the evaluation of
PACNS, this study was not completed as a positive or negative find-
ing would not have confirmed or excluded PACNS. Brain biopsy
remains the gold standard for diagnosis of this condition and was
ultimately pursued [8].

Intravascular lymphoma is another inflammatory vascular pro-
cess that can present with cognitive changes. Arguing against this
process are the patient’s lack of constitutional symptoms and
absence of any skin changes. Additionally, CSF cytology and flow
cytometry were unrevealing for lymphoma – although they are
often falsely negative. Sensitivity of cytology and cytometry
increases with additional samples [9] but it is often impractical
to wait for the results of these serial studies. Brain biopsy is often
the preferred method of diagnosis.

Non-inflammatory CAA results from deposition of beta-amyloid
peptide within small to medium sized blood vessels of the brain
and leptomeninges [10]. It may be asymptomatic and often discov-
ered incidentally on brain imaging when strictly cortical microhe-
morrhages are seen on GRE or SWI sequences of MRI, distinguished
from microhemorrhages strictly in deep grey structures, which
: A 70-year-old man with inflammatory cerebral amyloid angiopathy caus-
://doi.org/10.1016/j.jocn.2017.12.002

https://doi.org/10.1016/j.jocn.2017.12.002


Table 2
Criteria for the diagnosis of iCAA [16].

Probable iCAA

1. Age �40 yrs
2. Presence of �1 of the following clinical features: headache, decrease in

consciousness, behavioral change, or focal neurological signs and seizures;
the presentation is not directly attributable to an acute ICH

3. MRI shows asymmetric unifocal or multifocal WMH lesions
(corticosubcortical or deep) that extend to the immediate subcortical
white matter

4. Presence of �1 of the following corticosubcortical hemorrhagic lesions:
cerebral macrobleed, cerebral microbleed or cortical superficial siderosis

5. Absence of neoplastic, infectious, or other cause

Possible iCAA

MRI shows WMH lesions that extend to the immediately subcortical white
matter, otherwise same criteria as above

Probable criteria have sensitivities and specificities of 82% and 97%,
respectively, while possible criteria carry a sensitivity and specificity of
82% and 68%, respectively
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suggest a hypertensive etiology. In this patient CAA alone could
explain the microhemorrhages and silent strokes [11] but would
not account for his inflammatory CSF or cognitive decline. There
is however a subset of CAA, termed inflammatory CAA (iCAA),
which is characterized by acute or subacute cognitive decline.
Although CSF analysis may be normal, 50% of cases demonstrate
lymphocytic pleocytosis with a WBC count greater than 5 cells/ml
[12].

The most likely cause of this patient’s symptoms and imaging
findings is an inflammatory vascular process. Primary angiitis of
the central nervous system and iCAA are more likely than intravas-
cular lymphoma. In absence of a less invasive test to differentiate
between these possibilities, and potential for change in manage-
ment, a brain biopsy was obtained. Brain biopsies, in cases of
rapidly deteriorating neurological conditions or dementia, have
reported sensitivities in the range of 20–65% [9].

4. Pathologic discussion

The patient underwent a right craniotomy with biopsy of the
dura and brain (Fig. 3). The dura specimen showed only mild reac-
tive changes. A scout section of the right frontal brain was treated
with formic acid and showed no evidence of prion disease. The
remainder of the specimen was routinely processed and showed
thickened small and medium-sized blood vessels positive for amy-
loid deposition and associated with a perivascular chronic
inflammatory-cell infiltrate consisting predominantly of T-cells
and macrophages. The final pathologic diagnosis was cerebral
amyloid angiopathy with inflammation primarily involving lep-
tomeninges (Fig. 3).

5. Clinical outcome

The patient was diagnosed with inflammatory CAA (iCAA) and
started on pulsed high-dose steroid therapy with methylpred-
nisolone 1 g daily for five days without improvement in his symp-
toms. He was subsequently started on cyclophosphamide infusion
15 mg/kg for six monthly cycles. Initially, he improved and was
able to socialize with friends and return to work. His cognitive
assessment, using the Montreal Cognitive Assessment (MoCA)
increased from 21 to 24. Between his penultimate and last
cyclophosphamide infusion, he began to have worsening memory
problems and his MOCA dropped from 24 to 19. He was transi-
tioned to mycophenolate mofetil, with stabilization of his
symptoms.
Fig. 3. Biopsy of the right frontal lobe (A) Thickened small and medium-sized blood
inflammatory infiltrate. (B) Higher power view shows thickened small blood vessels tha
and eosin (A and B). Amyloid-beta immunohistiochemistry (C). Magnification 200� (A),
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6. Conclusions

CAA is age-dependent, affecting 2.3% of people between the
ages of 65 and 74 and 12.1% over the age of 85 [13]. CAA refers
to the deposition of beta-amyloid peptide in the media and adven-
titia of small- and medium-sized arteries and veins of the cerebral
cortex and the leptomeninges [10]. Patients with CAA often present
with spontaneous lobar intraparenchymal hemorrhages (IPH) and
cognitive impairment but many other clinical manifestations are
possible: IPH, subarachnoid hemorrhages, ischemic infarcts, focal
seizures, transient ischemic attacks, cortical spreading depression
phenomena or ‘‘amyloid spells,” cognitive impairment, and
dementia [14].

This patient had iCAA, a pathological subtype of CAA-related
inflammation with perivascular cuffing of inflammatory cells sur-
rounding amyloid-laden blood vessels [15]. Patients like this one
develop an acute or subacute syndrome of encephalopathy, focal
neurologic signs, headache and seizures. His acute behavioral
changes accompanied by aphasia and right facial weakness were
thought to represent a manifestation of his underlying disease pro-
cess although it remains unclear if these were seizures not
detected on EEG, cortical spreading depression phenomena, or
another mechanism at work. The SDH was attributed to trauma
sustained during an episode of agitation rather than the iCAA itself.

Definitive diagnosis of iCAA requires histopathologic confirma-
tion. Probable and possible criteria for diagnosing iCAA are pre-
vessels are present in the leptomeninges with an associated lymphohistiocytic
t are (C) positive for amyloid-beta staining by immunohistochemistry. Hematoxylin
400� (B and C).
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sented in Table 2 [16]. iCAA is usually a monophasic illness,
although relapses have been reported [17]. Treatment involves
immunosuppressive therapy with most patients being treated
acutely with corticosteroids followed in the longer term by
cyclophosphamide, methotrexate or mycophenolate mofetil. Our
patient was treated with intravenous steroids, followed by
cyclophosphamide. The majority of patients show some clinical
improvement within 3 weeks of starting treatment [15]. However,
not all patients improve and relapses and deterioration have been
reported in the literature [18]. Unfortunately, this patient’s course
involved a relapse and further deterioration despite maximal med-
ical treatment.

This case of iCAA, while rare, exemplifies the diagnostic consid-
erations for a rapidly progressive dementia in the setting of
ischemic and hemorrhagic brain lesions with an inflammatory
CSF. Given the insensitivity of less invasive methods to differenti-
ate between cancer and autoimmune phenomena – which portend
different treatment plans for the patient – brain biopsy remains
necessary to firmly establish a diagnosis.
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