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ABSTRACT & COMMENTARY

Inflammatory Cerebral Amyloid Angiopathy: 
Can We Avoid the Biopsy?
By Joseph E. Safdieh, MD
Vice Chair and Associate Professor, Weill Cornell Medical College

Dr. Safdieh reports no financial relationships relevant to this field of study.

SYNOPSIS: Refinement of the imaging criteria for cerebral amyloid angiopathy-related inflammation may increase sensitivity and 
specificity enough to forgo brain biopsy.

SOURCE: Auriel E, et al. Validation of clinicoradiological criteria for the diagnosis of cerebral amyloid angiopathy — Related 
inflammation. JAMA Neurol 2015; Dec 28 doi:10.1001/jamaneurol.2015.4078 [Epub ahead of print].

Cerebral amyloid angiopathy (CAA) is caused 
by deposition of amyloid in the cerebral blood 
vessels. It is a common cause of lobar intracra-

nial hemorrhage as well as cerebral microbleeds in older 
patients. In a subset of patients with CAA, an immune 
response occurs, which leads to an inflammatory form 
of CAA (CAA-related inflammation, CAA-ri). CAA-ri 
manifests clinically with headaches, rapidly progressive 
cognitive decline, and seizures. It is in the differential 
diagnosis of rapidly progressive dementia, and although 
rare, as a treatable condition, it is critically important to 
diagnose promptly. Imaging can be helpful in suggesting 
the diagnosis, but at the current time, only a brain bi-
opsy can confirm the diagnosis. Traditionally described 

imaging findings include asymmetric white matter 
hyperintensities extending to the subcortical white mat-
ter, as well as cerebral microbleeds or evidence of recent 
lobar intracerebral hemorrhage (ICH). Gadolinium 
enhancement and mass effect are variably present. Brain 
biopsy features confirming the diagnosis include the 
presence of amyloid deposition in cerebral vessels with 
associated infiltrate of inflammatory cells. 

In this study, the authors proposed more refined imag-
ing criteria for probable and possible CAA-ri and apply 
these criteria to a previously biopsied cohort of patients 
with confirmed CAA-ri to determine sensitivity and 
specificity of these refined diagnostic imaging crite-
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ria. The proposed revised imaging criteria 
include the current criteria but add magnetic 
resonance imaging evidence of cortical 
superficial siderosis as an additional criterion 
to demonstrate CAA changes in suspected 
CAA-ri. Possible vs probable CAA-ri are dif-
ferentiated on the basis of asymmetric (prob-
able CAA-ri) vs symmetric (possible CAA-ri) 
white matter hyperintensities. The authors 
assessed for the presence of clinical and 
imaging criteria for possible and probable 
CAA-ri in retrospectively diagnosed cohorts 
of patients with confirmed CAA-ri as well 
as CAA controls, both CAA with lobar ICH 
and CAA without lobar ICH (see Table 1). 

The authors identified 17 patients with 
biopsy-confirmed CAA-ri, mean age 68. Of 
those patients, 14 met the proposed criteria 
for probable and possible CAA-ri, yielding 
a sensitivity of 82% for both criteria. In the 
control group having non-inflammatory 
CAA with lobar ICH, one of 21 (5%) 
fulfilled the criteria for possible CAA-ri, and 
none for probable CAA-ri. In the control 
group having noninflammatory CAA with 
no ICH, 11 of 16 (69%) met the criteria for 
possible CAA-ri, and one of 16 (6%) for 
probable CAA-ri. These findings yielded a 
specificity of 97% for the probable CAA-ri 

criteria and a specificity 68% for the possible 
CAA-ri criteria. The authors concluded that 
the criteria for probable CAA-ri have a high 
enough sensitivity and specificity (82% and 
97%, respectively) that brain biopsy may 
be unnecessary if patients meet these criteria 
and treatment may be initiated earlier.  

n COMMENTARY
This important study adds to the literature 
on CAA-related inflammation, an important 
diagnosis to make, because treatment with 
immunosuppressive medications, such as 
methylprednisolone and cyclophosphamide, 
may be highly effective. Brain biopsy is an 
invasive procedure with associated morbid-
ity and mortality, albeit low. If the diagnosis 
of CAA-ri can be made on the basis of 
clinical and imaging criteria alone, patients 
may be spared the need for biopsy. How-
ever, it is still important to consider other 
causes of progressive encephalopathy with 
asymmetric white matter changes, particu-
larly, primary central nervous system (CNS) 
lymphoma. Initial response to steroids is 
typical of lymphoma, and without brain 
biopsy, it would be possible to misdiagnose 
lymphoma as CAA-ri. It would be very 
helpful in a future study if the authors can 
refine the specificity of the probable CAA-ri 

Table 1. Criteria for the Diagnosis of CAA-ri

Diagnosis Criteria

Probable CAA-ri 1. Age ≥ 40 years
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 unifocal or multifocal WMH lesions 
(corticosubcortical or deep) that are asymmetric and 
extend to the immediately subcortical white matter; the 
asymmetry is not due to past ICH

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 causes

Possible CAA-ri 1. 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

2. MRI shows WMH lesions that extend to the immediately 
subcortical white matter

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

4. Absence of neoplastic, infectious, or other causes

ICH: intracerebral hemorrhage, MRI: magnetic resonance imaging, WMH: white matter hyperintensities
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criteria by applying them to a cohort of patients with 
biopsy proven CNS lymphoma to determine whether 
there is enough specificity to use these criteria. Until that 

time, it would still be prudent to perform brain biopsy 
for patients with suspected CAA-ri.   n

ABSTRACT & COMMENTARY

Pregnancy Outcomes in Patients with 
Neuromyelitis Optica Spectrum Disorders
By Jai S. Perumal, MD
Assistant Professor of Neurology, Weill Cornell Medical College

Dr. Perumal reports she receives grant research support from Genzyme Corp, and is on the speakers bureau for Biogen 
Idec, Genzyme Corp., Acorda Therapeutics, and Teva Pharmaceuticals.

SYNOPSIS: Based on a retrospective analysis of an international cohort of women with neuromyelitis optica spectrum disorders who had 
at least one pregnancy, the authors report a higher risk for miscarriage and preeclampsia in patients who were diagnosed before pregnancy. 

SOURCE: Nour MM, et al. Pregnancy outcomes in aquaporin-4 positive neuromyelitis optica spectrum disorder. Neurology 2016;86:79-87.

Neuromyelitis optica spectrum disorder (NMOSD) 
is typically characterized by optic neuritis and/or 

transverse myelitis and the presence of the NMO IgG 
antibody. In addition to being a diagnostic test, NMO 
IgG antibody, which binds to aquaporin-4, is poten-
tially pathogenic. Experimental and clinical studies have 
shown the presence of aquaporin-4 in animal and human 
placenta and have demonstrated that aquaporin-4–medi-
ated inflammation can lead to fetal death. Given these 
findings, the authors analyzed pregnancy outcomes, 
including the risk of miscarriage and preeclampsia, in 
women diagnosed with an NMOSD.

Sixty women with an NMOSD diagnosis who had 126 
pregnancies were included in the study. These women 
were enrolled from centers in Oxford, UK; Porto, Por-
tugal; and Sendai, Japan. There were no significant differ-
ences in parity, mean age at pregnancy, and mean age at 
NMOSD diagnosis between Caucasian, Afro-Caribbean, 
and Japanese women. Mean age at disease onset was 
46.4 years and immunotherapy was started after a mean 
of 47.2 months after disease onset. Eight pregnancies 
occurred while the patient was on immunotherapy, and 
63.3% of the women had clinical or immunological 
evidence of an additional autoimmune disease (systemic 
lupus erythematosus, antiphospholipid antibody syn-
drome, Sjogren’s, thyroid disease, myasthenia gravis).

Eighty-five pregnancies in 40 women were included in 
the analysis of the influence of an NMOSD diagnosis on 
the odds ratio (OR) of miscarriage. Eleven pregnancies in 
six women ended in miscarriage (12.9%; 95% confi-
dence interval [CI], 6.64%-22.0%). This miscarriage rate 
(12.9%) is similar to the known risk in the general popu-
lation (12%-24%). However, six of 14 (42.9%; 95% CI, 
17.7%-71.1%) pregnancies that occurred after NMOSD 
diagnosis ended in miscarriage vs five out of 71 pregnan-

cies (7.04%; 95% CI, 2.33%-15.7%) that occurred be-
fore a diagnosis of NMOSD. The 42.9% increased rate 
of miscarriage after a diagnosis is significantly higher, and 
there was an increased OR of miscarriage in pregnancies 
that occurred up to or after 3 years before the diagnosis 
of NMOSD. Using univariate logistic regression analysis, 
maternal age at pregnancy, timing of pregnancy relative 
to an NMOSD diagnosis, most recent pregnancy ending 
in miscarriage, and obstetric history of all prior pregnan-
cies resulting in miscarriages were associated with an 
increased OR of miscarriage. When multivariate logistic 
regression was used, timing of pregnancy relative to the 
NMOSD diagnosis was the strongest predictor of  
miscarriage.

One hundred thirteen pregnancies in 57 women were 
included in the analysis of the effect of an NMOSD 
diagnosis on the OR of preeclampsia. Thirteen cases 
of preeclampsia occurred in 11 women (11.5%; 95% 
CI, 6.27%-18.9%). The rate of preeclampsia before 
an NMOSD diagnosis was 11.2% and after diagnosis 
was 13.3%. The preeclampsia rate of 11.5% is higher 
than the rate of 3.1% reported in control populations. 
Univariate and multivariate logistic regression analysis 
showed that prior history of miscarriage in the most 
recent pregnancy and history of multiple other autoim-
mune diseases were associated with a higher risk. There 
was no significant risk associated with the relative timing 
of an NMOSD diagnosis.

n COMMENTARY
This study shows that pregnancies that occurred after 
a diagnosis of an NMOSD were associated with an 
increased OR of miscarriages compared to pregnancies 
before the diagnosis. Women whose pregnancies ended 
in miscarriages after an NMOSD diagnosis had greater 
levels of disease activity during the preconception period 
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and during pregnancy and had also received treatment 
for these acute relapses. Based on this finding, the au-
thors speculated that aquaporin-4 antibody could have 
a causative role in fetal injury and consequently the mis-
carriages. With regard to preeclampsia, the rate seen in 
women with NMOSD was higher than those seen in his-
torical control populations. In addition, they found that a 
history of multiple other autoimmune diseases increased 
the OR for preeclampsia. Given that patients with high 
disease activity had the highest risk of a miscarriage, and 
the potential causative role of the aquaporin-4 antibody, 

the authors reported widely accepted recommenda-
tions that patients with antibody-mediated autoimmune 
disorders continue immune treatment before, during, and 
after pregnancy. A single case of hydrocephalus was also 
reported in this cohort, raising concern about a role of 
the aquaporin-4 antibody in abnormalities in fetal brain 
development. Further research is needed to study this 
population to better understand the role of aquaporin-4 
antibody and to develop better management strategies 
during pregnancy for women with an NMOSD  
diagnosis.   n

ABSTRACT & COMMENTARY

Prevalence and Progression of Epilepsy  
in Adults with Mitochondrial Disease
By Kimberly Pargeon, MD
Assistant Professor of Clinical Neurology, Weill Cornell Medical College

Dr. Pargeon reports no financial relationships relevant to this field of study.

SYNOPSIS: In a prospective study of 182 consecutive patients at a specialized mitochondrial clinic in the United Kingdom, followed 
for more than 7 years, recording the initial prevalence of epilepsy, and subsequently tracking occurrences of new seizure activity, status 
epilepticus, stroke-like episodes, and death during the follow-up period, epilepsy was found to be a common feature of these disorders. 

SOURCE: Whittaker RG, et al. Epilepsy in adults with mitochondrial disease: A cohort study. Ann Neurol 2015;78:949-957.

Mitochondria are the main source of cellular adenos-
ine triphosphate via oxidative phosphorylation. 

Thus, highly energy-dependent tissues are most vulner-
able in mitochondrial diseases, including skeletal muscle 
and the central nervous system.1 Mitochondrial diseases 
can be caused by a variety of mutations of mitochondrial 
DNA or nuclear genes. As such, mitochondrial diseases 
may manifest as many different syndromes, of which 
seizures may be a common phenotypic feature. 

This report is one of the first large-scale cohort studies 
of the prevalence and classification of epilepsy in adult 
patients with well-defined mitochondrial disease. One-
hundred eighty-two consecutive patients were recruited 
at a specialized mitochondrial clinic in the United King-
dom from 2005 to 2008 and followed prospectively over 
7 years. The mean age at recruitment was 37.8 years, and 
all had genotyped disease. Patients were initially screened 
for a current or past history of epilepsy, defined as more 
than one unprovoked seizure or status epilepticus. Ac-
tive epilepsy was defined as at least one seizure or status 
epilepticus in the past year. Outcome measures included 
a new diagnosis of epilepsy, seizure-related morbidities 
(status epilepticus or stroke-like events), and death. 

Of the initial 182 patients, 42 (23.1%) had a history of 
epilepsy across all genotypes with 35 (19.2%) having ac-
tive epilepsy at inclusion. The mean age of epilepsy onset 
was 29.4 years and was a feature in eight different geno-
types. The most commonly represented genotype was 

the m.3243A>G mutation, which included 63 patients, 
22 (34.9%) of whom had epilepsy, over half of which 
reported focal motor seizures (54.5%). This mutation 
commonly leads to the syndrome Mitochondrial En-
cephalopathy, Lactic Acidosis, and Stroke-like Episodes 
(MELAS), characterized by encephalopathy, stroke-like 
episodes, and epilepsy, the latter of which may be partial 
or generalized seizures, including status epilepticus.2 
One patient also presented with a rare but devastating 
MELAS-like phenotype involving a m.12147G>A muta-
tion, presenting as encephalopathy, stroke-like episodes, 
and focal status epilepticus. 

Another more commonly represented genotype was 
the m.8344A>G point mutation, which included 13 
patients, 12 of whom had epilepsy (92.3%). This muta-
tion presents as the syndrome Myoclonic Epilepsy with 
Ragged Red Fibers (MERRF), with the primary clinical 
features including ataxia, myopathy, and myoclonic 
epilepsy with photosensitivity.2 Not surprising, all 12 
patients had myoclonic seizures, although two also had 
infrequent photosensitive tonic-clonic seizures. Of the 
remaining genotypes, epilepsy was noted in three of 13 
patients with recessive POLG mutations; one of 14 with 
multiple mtDNA deletions; one with a recessive TRIT1 
missense mutation; and one with the m.8993T>G muta-
tion, which is often associated with Neuropathy, Ataxia, 
and Retinitis Pigmentosa (NARP) syndrome. There 
were 15 additional genotypes in which no epilepsy was 
reported.
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For the 7-year follow up period, three patients subse-
quently developed epilepsy, all carrying the m.3243A>G 
mutation and each occurring in the context of a stroke-
like episode. The risk of developing epilepsy with this 
mutation was approximated at 1.2% per year. Risk of 
seizures with other genetic mutations could not be esti-
mated. Regarding other outcome measures, four patients 
developed stroke-like episodes, all with the m.3243A>G 
mutation, including the three with newly developed 
epilepsy. Status epilepticus was seen in five patients with 
m.3243A>G mutations and the one with m.12147G>A 
mutation, all in the setting of a stroke-like episode but 
none in the follow-up period. Finally, 20 patients died 
during the follow-up period, five of whom had epilepsy. 
The approximate case fatality rates for those with and 
without epilepsy were similar (1.66% vs 1.60%), sug-
gesting epilepsy did not significantly affect mortality. 

n COMMENTARY
The primary finding is that epilepsy is common in adults 
with mitochondrial disease with an initial prevalence of 
23.1% in this cohort; however, there were clear differ-
ences among the different genotypes. Not surprising, 
about a third (34.9%) of those with the m.3243A>G 
mutation, the most common genotype, and nearly all 
(92.3%) of those with the m.8344A>G point mutation 
had epilepsy, but for those genotypes where few patients 
were included, prevalence was difficult to discern. The 

real question is why epilepsy is seen more preferentially 
in some mitochondrial disorders. For some, complex I 
defects in the mitochondrial respiratory chain seem to be 
more commonly associated with epilepsy as compared to 
others.1 Further, there can be interplay between mito-
chondrial dysfunction and seizure activity. Mitochondrial 
dysfunction leads to decreased intracellular ATP levels, 
causing energy depletion in susceptible cells. Dysfunction 
can also affect calcium modulation, leading to increased 
glutamate release and excitotoxic effects, ultimately 
leading to seizures.1,3 Finally, once seizures have started, 
they can increase energy demands of already taxed cells, 
which if not controlled, can lead to further damage as 
stroke-like episodes. Stroke-like episodes are seen more 
commonly in MELAS and POLG-related diseases, in 
which complex I deficiency is often seen.1 The key in 
patients with vulnerable genotypes is to treat seizures ag-
gressively at initial onset to prevent progression to status 
epilepticus, while avoiding potentially toxic therapies, 
such as valproate.   n

REFERENCES
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ABSTRACT & COMMENTARY

Idiopathic Phrenic Neuropathy
By Michael Rubin, MD
Professor of Clinical Neurology, Weill Cornell Medical College

Dr. Rubin reports no financial relationships relevant to this field of study.

SYNOPSIS: Isolated phrenic neuropathy is a rare syndrome, often associated with a surgical procedure and diabetes mellitus, and has no 
proven, effective therapy other than respiratory support. 

SOURCE: Podnar S. Idiopathic phrenic neuropathies: A case series and review of the literature. Muscle Nerve 2015:52:986-992.

Diaphragm paralysis may be unilateral or bilateral, 
the former often asymptomatic, the latter associated 

with dyspnea that occurs within minutes of assuming 
the supine position. The clinical presentation includes 
paradoxical abdominal wall retraction rather than pro-
trusion during inspiration, tachypnea, and rapid shallow 
breathing. Usually occurring in the context of severe gen-
eralized myopathy (inflammatory myositis), neuropathy 
(Guillain-Barre syndrome), junctionopathy (myasthenia), 
or neuronopathy (amyotrophic lateral sclerosis), it may 
occur in isolation as idiopathic phrenic neuropathy (PN). 
What are the diagnostic findings, therapeutic options, 
and clinical outcomes of these cases?

Between March 2004 and March 2013, patients with 
possible PN were recruited by the Division of Neurology, 

University Medical Center, Ljubljana, Slovenia, under-
going baseline and follow-up history, clinical exami-
nation, phrenic nerve conduction studies, diaphragm 
needle electromyography, respiratory function tests, and 
imaging studies comprising radiography, computerized 
tomography, or magnetic resonance imaging of the chest. 
Using PubMed, literature review of phrenic neuropathy 
was also performed. Statistical analysis was provided by 
the Z-test for two proportions, with P < 0.05 considered 
significant in all areas.

Over the 9-year study period, 10 unilateral and nine 
bilateral PN patients were identified, comprising 14 men 
and five women. Men predominated in both groups, and 
patients with bilateral PN were, on average, 10 years 
older than those with unilateral PN, presenting with 
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more pronounced respiratory impairment, compared 
to only a single unilateral PN patient with orthopnea. 
Scapular winging was reported in a single patient in 
each group. Unilateral diaphragm elevation was noted 
in all but one unilateral case, and bilaterally in all but 
two bilateral cases, where it was reported only on the 
left. Surgery was the most commonly reported trigger, 
noted in 20% and 56%, respectively, with diabetes 
noted in 20%, overall. Hypertension was significantly 
associated with bilateral PN, while local pain, though 
more common in unilateral PN, did not reach statisti-
cal significance. Phrenic nerve conduction studies and 
diaphragm electromyography were abnormal in almost 
all patients. Partial recovery occurred in one unilateral 
and three bilateral PN patients, and only three unilateral 
PN patients had complete recovery. No bilateral PN 
achieved complete recovery. No therapeutic interven-
tion, aside from ventilatory assistance, was offered. 
Review of the literature corroborated these findings, 
with the additional note that treatment with intravenous 
immunoglobulin, methylprednisolone, or valacyclovir 

was rarely undertaken and, thus, could not be confirmed 
to be of benefit.

n COMMENTARY
In a separate paper, using the same personally accrued 
database, the author compared PN to published series of 
neuralgic amyotrophy, noting that of his personal cohort 
of 19 patients with PN, two (11%) fulfilled criteria for 
definite neuralgic amyotrophy and 11 (58%) for prob-
able neuralgic amyotrophy.1 Among 58 prior patients, 
the values were 16% and 48%, respectively. Both PN 
and neuralgic amyotrophy have a history of precipitat-
ing events and male predominance, but the former occur 
more often in older patients and in diabetics, and are less 
associated with pain. Absent involvement beyond the 
diaphragm, PN appears to be immune mediated, with the 
target antigen possibly specific to the phrenic-nerve.  n

REFERENCE
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ABSTRACT & COMMENTARY

ICH May Clinically Mimic TIA
By Alan Z. Segal, MD
Associate Professor of Clinical Neurology, Weill Cornell Medical College

Dr. Segal reports no financial relationships relevant to this field of study.

SYNOPSIS: In a large retrospective review of 2137 patients with intracerebral hemorrhage, 34 had transient symptoms that could have 
been misclassified as “transient ischemic attack” if brain imaging had not been performed.  

SOURCE: Kumar S, et al. Transient neurological symptoms in patients with intracerebral hemorrhage. JAMA Neurol 2016; Jan. 4 [Epub 
ahead of print].

Transient ischemic attack (TIA) has classically been 
defined as having a 24-hour time limit. More 

recently, diffusion-weighted magnetic resonance imag-
ing (MRI) has shown that many TIAs, much shorter in 
duration, show radiological evidence of permanent tissue 
damage. The ABCD2 score, which predicts stroke in as-
sociation with TIA, identifies factors predictive of stroke 
such as motor or speech disturbance (as opposed to pure 
sensory) or longer symptom duration (> 1 hour). 

In contrast to TIA, the diagnosis of intracerebral hemor-
rhage (ICH) is easily made on a non-contrast CT scan. 
This study sought to identify a subset of ICH patients 
for whom transient symptoms might imply a diagnosis 

of TIA, when imaging in fact reveals a hemorrhage. This 
is a retrospective analysis of hospital admissions carry-
ing the diagnosis of ICH between 2000 and 2014 at the 
Beth Israel Hospital in Boston, under the direction of Dr. 
Louis Caplan, who has been studying ICH for decades. 
Out of 2137 patients with ICH, 34 had symptoms  
lasting less than 24 hours. There were 17 patients with 
sufficient data to include in the analysis. Of these, symp-
tom duration was < 30 minutes in the majority  
(n = 9) and > 12 hours in only one patient. NIH Stroke 
Scores were all ≤ 5. The majority of patients had small 
hemorrhages < 30 cc (many < 10 cc), with only two hav-
ing hemorrhages > 30 cc (33 cc and 40 cc) and a mean 
hemorrhage volume of 17 cc.
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Five patients took antiplatelet therapy at home, which 
was not thought to affect outcome. Hypertension was 
determined to be the etiology in eight patients, cerebral 
amyloid angiopathy in two patients, coagulopathy in 
two, and other causes in the remainder (cavernoma, 
Moya-Moya, or undetermined [n = 3]).

n COMMENTARY
This study emphasizes the clinical spectrum of ICH, since 
these patients with small-volume ICH did not present 
with the classical clinical picture of headache, vomiting, 
and progressive neurological signs. As the authors noted, 
this study may greatly underestimate the actual occur-
rence of “TIA-like” ICH, since patients with minor, time-
limited symptoms may not seek medical attention, may 
not be sent for immediate neuroimaging by healthcare 
providers, or may not even be imaged in the emergency 
department. A particularly vulnerable population might 
be patients with a history of multiple prior TIAs. These 
patients may not undergo repeated imaging and may 
already be treated with “definitive” antiplatelet therapy 
(such as a combination of aspirin and clopidrogrel).
Cerebral amyloid angiopathy (CAA) is associated with a 

“TIA-like” presentation, which is believed to result from 
micro-hemorrhages setting off a migraine-like cortical 
spreading depression. In this study, CAA was found mini-
mally, but only 11 of these patients underwent MRI with 
gradient ECHO sequences. Most of the hemorrhages in 
this study, located in the basal ganglia and attributed to 
hypertension, were small and favorably located, causing 
neurological compromise that was fleeting and mild. In 
these hemorrhages, motor or sensory tracts may not be 
directly involved or may be “pushed aside” by a small 
amount of blood. Isolated seizures also may explain TIA-
like symptoms in patients who are otherwise suffering 
from asymptomatic hemorrhages.

Similar to the ABCD2 score, ICH prognostication may 
be made using the “ICH score.” However, among the 
patients studied here, the ICH score would be nearly 
zero. Few would have met the criteria of age > 80 or 
ICH volume > 30, and none would have met criteria of 
Glasgow Coma Scale < 13, intraventricular extension, or 
infratentorial location. As the authors noted, while TIA 
might be a harbinger of severe stroke to follow, these 
patients uniformly had an excellent prognosis.   n 

SHORT REPORTS
By Matthew E. Fink, MD, Editor

Optimal Antiplatelet Therapy for  
Secondary Prevention of Ischemic Stroke

SOURCE: Kim JT, et al. Different antiplatelet strategies in patients with new 
ischemic stroke while taking aspirin. Stroke 2016;47:128-134.

Patients presenting with acute ischemic stroke are often 
taking aspirin on a regular basis for prevention of 

cardiovascular disease. The optimal antiplatelet therapy 
for secondary prevention has been uncertain in this set-
ting. The authors of this study analyzed 1172 patients in 
a prospective, multicenter stroke registry database from 
14 hospitals in South Korea, selecting patients with acute 
non-cardioembolic stroke, who were taking aspirin for 
prevention of cardiovascular disease at the time of onset 
of stroke. These patients were then divided into three 
groups, 1) maintaining aspirin monotherapy (MA group 
= 212), 2) switching aspirin to another antiplatelet agent 
(SA group = 246), and 3) adding another antiplatelet 
agent to aspirin (AA group = 714). The patients were 
then followed for 1 year, using a primary endpoint of 
a composite of all stroke, myocardial infarction, and 
vascular death. The results were analyzed in a Cox 
proportional hazards regression analysis. After 1 year 
of follow-up, compared to the aspirin only group, there 
was a reduction in the composite vascular event rate 
compared to the SA group (hazard ratio [HR], 0.50; P = 
0.03) and in the AA group (HR, 0.40; P < 0.001). This 
study strongly suggests that compared with maintaining 

patients on aspirin alone, switching to a different anti-
platelet agent, or adding a second antiplatelet agent to 
aspirin may be better in preventing subsequent vascular 
events in patients who experienced a new ischemic stroke 
while taking aspirin.   n

Treatment of AVM-related Epilepsy

SOURCE: Josephson CB, et al. Medical vs invasive therapy in AVM-related 
epilepsy. Neurology 2016;86:64-71.

Treatment of brain arteriovenous malformations 
(AVMs) is undergoing reevaluation. At the present 

time, there is evidence to support invasive treatment, i.e., 
surgery, embolization, or radiation therapy, for brain 
AVMs after at least one episode of bleeding. However, 
treatment of unruptured AVMs is uncertain, and wheth-
er invasive treatment helps to reduce other symptoms, 
such as headaches and epilepsy, is unclear at this time. 
To assess the benefit of AVM treatment for control of 
associated epilepsy, Josephson et al performed a compre-
hensive online review of the medical literature to identify 
controlled observational cohort studies or randomized 
controlled trials comparing seizure outcomes between 
invasive AVM treatments vs treatment with anti-
epileptic medications. They identified two controlled 
observational studies and 29 uncontrolled case series. 
There was only one randomized controlled trial, but this 
did not report seizure outcomes. By pooling the patient 
data in all of the studies, they noted that the risk-ratio 
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CME INSTRUCTIONS

1. Which of the following is not a criteria for the 
diagnosis of probable inflammatory cerebral 
amyloid angiopathy?
a. Clinical features of headache, mental 
changes, focal neurological signs, and 
depressed level of consciousness, unrelated to 
an acute intracerebral hemorrhage
b. Asymmetric white matter hyperintensities 
extending to the subcortical white matter
c. Positive amyloid PET scan
d. One or more cortical or subcortical 
hemorrhagic lesions

2. What are the predictors of miscarriage in 
women with neuromyelitis optica spectrum 
disorders (NMOSD)?
a. Maternal age at pregnancy
b. Timing of pregnancy relative to an 
NMOSD diagnosis
c. Most recent pregnancy ending in 
miscarriage
d. All of the above

3. What mitochondrial syndrome does the 
m.3243A>G mutation often lead to?
a. MERRF (myoclonic epilepsy with ragged 
red fibers)
b. MELAS (mitochondrial encephalopathy, 
lactic acidosis, and stroke-like episodes)
c. NARP (neuropathy, ataxia, and retinitis 
pigmentosa)
d. Leigh syndrome

4. Which of the following statements regarding 
phrenic neuropathies is true?
a. Patients with bilateral phrenic neuropathies 
are, on average, older than those with 
unilateral phrenic neuropathies.
b. Bilateral phrenic neuropathies rarely 
present with respiratory impairment.
c. Phrenic neuropathies are often associated 
with scapular winging.
d. Unilateral diaphragm elevation is usually 
not seen on imaging studies of phrenic 
neuropathies.

5. Which of the following is not a poor 
prognostic indicator in intracerebral 
hemorrhage?
a. Symptom duration < 24 hours
b. Hemorrhage volume > 30 cc
c. Infratentorial location
d. Intraventricular extension
e. Age > 80 years

6. After suffering from an ischemic stroke while 
taking aspirin, the best secondary prevention 
for cardiovascular disease would be the 
addition on a second antiplatelet agent.  
a. True
b. False

7. The best treatment for an unruptured brain 
AVM is surgery or embolization, or both.  
a. True
b. False

for freedom-from-seizures in the controlled 
studies did not indicate superiority to either 
approach, meaning that invasive therapy 
and antiepileptic medication treatment were 
comparable. However, in the various studies, 
the rate of seizure-freedom varied from 19% 
to 95%, demonstrating the wide variability 

in outcomes from various treatment trials, 
whether they were controlled or not. At the 
present time, there is insufficient evidence to 
recommend invasive AVM management to re-
duce epileptic seizure frequency, and this will 
have to be evaluated in a long-term random-
ized, controlled clinical trial.   n
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