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PREVENTION

Combined Treatments with Medications 
for Hypertension and Hyperlipidemia 
Dramatically Reduce the Risk of Stroke
SOURCE: Bosch J, Lonn E, Zhu J, et al. First stroke reduced 44% by 
well-tolerated medications. Stroke outcomes from the heart outcomes 
prevention evaluation 3 study. Stroke 2018;49:A104.

Seventy-five percent of strokes are first strokes, and 
primary prevention by reducing risk factors is 
crucial for reducing the global burden of stroke. 

Bosch et al investigated the effectiveness of fixed-dose 
antihypertensive therapy and statin therapy for primary 
stroke prevention. They randomized 12,705 partici-
pants from 21 countries who had an intermediate risk 
of cardiovascular disease in a 2 × 2 factorial design to a 
fixed-dose candesartan 16 mg plus hydrochlorothiazide 
12.5 mg daily vs. placebo, and to rosuvastatin 10 mg 
daily or placebo.

The mean age of the patients was 66 years, 46% were 
women, and 166 strokes occurred during a median 
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follow-up of 5.6 years. Mean baseline blood 
pressure was 138/82 mmHg and the blood 
pressure difference between the treatment 
groups during follow-up averaged 6.0/3.0 
mmHg. During the follow-up period, stroke 
was reduced by 20% (95% confidence inter-
val [CI], 0.59-1.08; P = 0.14) with candesar-
tan/hydrochlorothiazide and 30% (95% CI, 
0.5-20.95) with rosuvastatin. In a subgroup 
analysis, participants in the upper third of 
systolic blood pressure (> 143.5 mmHg) had 
stroke reduced by 42% (95% CI, 0.37-0.90; 
P < 0.02). Rosuvastatin reduced all stroke by 
30%, but considering hemorrhagic strokes, 
15 occurred among those assigned rosu-
vastatin vs. 12 with rosuvastatin placebo. 
Those assigned to both rosuvastatin and 
candesartan/hydrochlorothiazide had stroke 
reduced by 44% (95% CI, 0.36-0.87; P = 
0.009). There was no difference in the rates 
of medication discontinuation between the 
groups that took active drugs compared to 
placebo-assigned patients. In this real-world 
study, fixed-dose candesartan/hydrochloro-
thiazide combined with low-dose rosuvas-
tatin reduced first stroke by 44% in patients 
at intermediate risk of cardiovascular disease 
and was well tolerated, with minimum 
dropout of patients. This approach should 
be considered more widely in our efforts to 
reduce the global burden of stroke.  n

Preeclampsia Increases a  
Woman’s Risk of Early Stroke

SOURCE: Miller EC, Boehme AK, Moon YP, et al. 
Preeclampsia and early stroke incidence in the California 
Teachers Study. Stroke 2018;49:A174.

Preeclampsia occurs in 3-8% of all preg-
nancies and doubles women’s long-term 

risk of stroke. However, limited data are 
available to determine the rate at which this 
risk develops, and whether stroke risk occurs 
early in life or later in life. These investiga-
tors used prospective data collected from the 
California Teachers Study to determine when 
the risk of stroke was greatest and if that risk 
would be modified using aspirin or statins.

The participants in the California Teachers 
Study were enrolled if they were ≤ 60 years 
of age and had no prior stroke at the time of 
enrollment in 1995. Miller et al obtained a 
detailed history, which included pregnancy 
history and any evidence for preeclampsia. 
Women who enrolled in the study were fol-
lowed prospectively, and stroke outcomes 

were obtained via linkage with California 
hospital records up to and including Dec. 
31, 2012. Risks for subsequent stroke were 
calculated among those with and without 
a history of preeclampsia, and stratified 
analyses were done to assess the impact of 
self-reported use of aspirin and/or statins.

Of the 60,817 women included in the 
analysis, 6.1% had preeclampsia. Early 
stroke, defined as stroke before the age of 
60 years, occurred in 1.3% of women in 
the preeclampsia group and 0.8% in the 
non-preeclampsia group. Risk of early 
stroke incidence was greater in women with 
preeclampsia, with an unadjusted risk ratio 
of 1.7. When adjusted for age, hyperten-
sion, diabetes, migraine, and obesity, the risk 
ratio remained higher in the preeclampsia 
group at 1.4. The stratified analysis showed 
that this risk was mitigated in women who 
were taking aspirin or statins, but continued 
to be elevated in those not taking them. In 
conclusion, women with a prior history of 
preeclampsia were 40% more likely than 
those without preeclampsia to develop early 
stroke, controlling for other risk factors. 
Long-term use of aspirin and/or statins might 
benefit these women, but randomized trials 
will be needed to determine if this approach 
is clearly beneficial.  n

After Myocardial Infarction,  
Increased Risk for Ischemic 
Stroke Persists for 12 Weeks

SOURCE: Merkler AE, Diaz I, Murthy SB, et. al. Duration 
of heightened stroke risk after acute myocardial infarction. 
Stroke 2018;49:A172.

These investigators performed a retrospec-
tive cohort study using inpatient and 

outpatient claims data from 2008 through 
2015 from a nationally representative 5% 
sample of Medicare beneficiaries ≥ 66 
years of age. Diagnosis of acute myocardial 
infarction (MI) and ischemic stroke were 
ascertained using validated ICD-9 diagnosis 
codes. Strokes were included only if they 
occurred after discharge from the acute MI 
hospitalization to make sure that periproce-
dural strokes related to coronary interven-
tions were excluded. Cox regression models 
were used to sort the groups and perform 
the analyses, and risk of ischemic stroke 
was adjusted for demographics, stroke risk 
factors, and other comorbidities. Survival 
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probabilities were used to compute a hazard ratio for 
each four-week interval after discharge from the hospital 
following acute MI.

Among 1,746,476 beneficiaries, 46,182 were hospital-
ized for acute MI and 80,466 were hospitalized for isch-
emic stroke. Compared to patients without acute MI, pa-
tients with stroke and acute MI were older and had more 
stroke risk factors. After adjusting for demographics, risk 
factors, and comorbidities, the risk of ischemic stroke 

was highest in the first four weeks after discharge from 
the MI hospitalization (hazard ratio [HR] = 2.7) and 
remained elevated substantially during weeks five to eight 
(HR = 2.0) and weeks nine to 12 (HR = 1.6) and no lon-
ger was elevated significantly after 12 weeks. Established 
stroke classification systems categorize MI-associated 
stroke as occurring in the 30-day period following MI. 
This study establishes that the elevated short-term risk of 
stroke extends beyond 30 days and remains elevated for 
up to 12 weeks following acute MI.  n

DIAGNOSIS

Stroke May Be Difficult to Diagnose  
During Pregnancy

SOURCE: Mayer C, Murillo J, De Havenon A. Predictors of ischemic stroke 
and stroke mimic during pregnancy. Stroke 2018;49:ANS4.

The risk of ischemic stroke is significantly higher 
during pregnancy and the puerperium, but often di-

agnosis is delayed or mistaken because stroke symptoms 
are mimicked by other conditions. Since acute ischemic 
stroke requires immediate intervention, it is important to 
identify these patients quickly. These investigators per-
formed a retrospective chart review on pregnant patients 
at the University of Utah from 2009 through 2014 using 
ICD-9 codes to identify stroke and other conditions. 
Diagnosis was based on the neurologist’s evaluation and 
neuroimaging. Variables were identified to develop a pre-
dictable model using interactive variable selection, which 

then was fit into a logistic regression model to help make 
the diagnosis of ischemic stroke.

Thirty-eight patients met the inclusion criteria, of whom 
13 had ischemic stroke. Mimic diagnoses included 
venous sinus thrombosis in eight patients, intracerebral 
hemorrhage in two patients, complicated migraine in 
seven patients, nonepileptic seizures in three patients, epi-
leptic seizures in two patients, transient ischemic attack 
in one patient, and conversion disorder in two patients. 
The best model to predict ischemic stroke included age 
greater than 29 years and a history of a first-degree rela-
tive with stroke. Validation of the scoring system will 
require prospective application in a larger cohort of preg-
nant patients. However, the index of suspicion should 
remain high and pregnant women with stroke symptoms 
should be investigated intensively to make an accurate 
diagnosis and to initiate appropriate treatment.  n

ACUTE TREATMENT 

Patients with Mild Non-disabling Ischemic 
Stroke Do Not Benefit From IV Alteplase

SOURCE: Khatri P, Kleindorfer D, Devlin T, et al. Alteplase for the treat-
ment of acute ischemic stroke in patients with low NIHSS and not clearly 
disabling deficits: Primary results of the PRISMS trial. Stroke 2018;49:LB9. 
Presented at: ISC 2018. Jan. 25, 2018. Los Angeles.

More than half of patients with acute ischemic stroke 
have a mild deficit with a National Institutes of 

Health stroke scale (NIHSS) score of 0-5 at presentation. 
As a result, most of these patients are excluded from 
trials that have evaluated the benefits of intravenous 
thrombolysis. Therefore, these investigators sought to 
evaluate the safety and efficacy of alteplase administra-
tion in patients with NIHSS scores of 0-5 who did not 
have disabling deficits. Disabling was defined as making 
it impossible to return to work or perform basic activities 
of daily living (i.e., isolated aphasia).

PRISMS was designed as a 948-patient, Phase III, 
double-blind, randomized, placebo-controlled trial of 
IV alteplase compared to placebo in patients treated 

≤ 3 hours from onset of symptoms. The primary out-
come measure was the modified Rankin scale of 0-1 at 
90 days, adjusted for age, treatment time, and NIHSS 
score at presentation. The primary safety endpoint was 
symptomatic intracranial hemorrhage. This study was 
terminated early because of slow recruitment and con-
cern regarding completion of the trial.

From May 1, 2014, until Dec. 21, 2016, the investigators 
enrolled 313 patients with a median NIHSS score of 2 
and treatment time of 2.7 hours. Thirteen percent had a 
final diagnosis of a neurovascular mimic. Five alteplase-
treated patients vs. zero controls had a symptomatic in-
tracranial hemorrhage. At 90 days, 78% of the alteplase-
treated patients vs. 81% of controls achieved a modified 
Rankin scale score of 0-1. Since the study was terminated 
prematurely, even though there was no significant differ-
ence in outcome between the two groups, it is impossible 
to determine with certainty whether there was no benefit 
at all or if the numbers were too small and the study was 
underpowered to give a meaningful conclusion. How-
ever, the interim analysis suggests no benefit to treating 
patients who have mild deficits with alteplase.  n
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INTRACEREBRAL HEMORRHAGE

Hospital Mortality From Intracerebral 
Hemorrhage Is Lower in Patients Taking 
NOACs Compared to Warfarin

SOURCE: Simultaneously published in JAMA. Inohara T, Xian Y, Liang L, 
et al. Association of intracerebral hemorrhage among the patients taking 
non-vitamin K antagonist versus vitamin K antagonist oral anticoagulants with 
in-hospital mortality. JAMA 2018;319:463-473.

The use of oral anticoagulants is increasing with the 
aging population and increasing prevalence of atrial 

fibrillation. Over the last several years, there has been an 
increasing shift in the use of non-vitamin K oral antico-
agulants (NOACs) compared to warfarin. This study 
was designed to assess the association between preceding 
oral anticoagulant use and in-hospital mortality among 
patients with intracerebral hemorrhage.

The investigators reviewed the Get With the Guidelines 
stroke database and included 141,311 patients with 
intracerebral hemorrhage hospitalized from October 
2013 to December 2016. They selected patients who had 
a record of anticoagulation therapy before intracerebral 
hemorrhage occurred, defined as any use of oral antico-
agulants within seven days prior to hospital arrival. The 
main outcome measure was in-hospital mortality.

Among the cohort of 141,311 patients with intracerebral 
hemorrhage, mean age was 68.3 years, and 48.1% were 

women. Of these patients, 10.6% were taking warfarin, 
and 3.5% were taking NOACs preceding intracerebral 
hemorrhage. Twenty-eight percent and 4.1% were taking 
concomitant single or dual antiplatelet agents, respec-
tively. Patients with a prior use of warfarin or NOACs 
were older and had a higher prevalence of atrial fibrilla-
tion and prior stroke. Acute intracerebral hemorrhage 
severity, as measured by the NIH Stroke Scale, was not 
significantly different across the three groups. In-hospital 
mortality rates were 32.6% for warfarin, 26.5% for  
NOACs, and 22.5% for patients who were on no 
oral anticoagulants. Compared with patients without 
prior use of oral anticoagulants, the risk of in-hospital 
mortality was higher among patients with prior use 
of warfarin (odds ratio [OR], 1.62) or NOACs (OR, 
1.21). Compared with patients with prior use of warfa-
rin, patients who had prior use of NOACs had a lower 
risk of in-hospital mortality, with adjusted OR of 0.75 
(97.5% confidence interval, 0.69-0.81). The difference in 
mortality between patients taking warfarin vs. NOACs 
was greater numerically among patients with prior use of 
dual antiplatelet agents compared to those without prior 
antiplatelet therapy.

Among patients with intracerebral hemorrhage, prior 
use of warfarin or NOACs was associated with a higher 
in-hospital mortality compared with no exposure to oral 
anticoagulants. Prior use of NOACs, compared to prior 
use of warfarin, was associated with a lower risk of in-
hospital mortality.  n

ENDOVASCULAR TREATMENT

DAWN: Endovascular Thrombectomy 6 
to 24 Hours After Onset Results  
in Significant Benefit

SOURCE: Saver JL. Magnitude of benefit of endovascular thrombectomy 
6-24 hours after onset in acute ischemic stroke patients with clinical-core 
mismatch. Presented at: ISC 2018. Jan. 24, 2018. Los Angeles.

The recently reported DAWN trial established that 
endovascular thrombectomy improves outcomes 

among late-presenting acute ischemic stroke patients, six 
to 24 hours after last known well, if there is a clinical-
core mismatch as evidence of salvageable brain tissue. 
Further analysis of the data was undertaken, and the 
investigators looked at adjusted 90-day modified Rankin 
scale outcome distributions in the DAWN patients and 
medical control patients, evaluating the number needed 
to treat for benefit and also evaluating the benefit per 
100 patients treated. Using individual cut points of the 
modified Rankin score, the number needed to treat for 
one additional good outcome at 90 days was 19 patients 
for one to completely recover, 2.8 patients for one to 
reach functional independence, and three patients for 

one to reach an ambulatory state. For any patient to 
improve by one level of disability in the Rankin score, the 
number needed to treat was two. Overall, endovascular 
thrombectomy at six to 24 hours, in carefully selected 
patients with a clinical-core mismatch, confers a major 
benefit, improving 90-day disability levels in one-half of 
the patients and resulting in functional independence in 
one-third.  n

DEFUSE 3: Patients With Large Vessel 
Occlusions and Salvageable Brain Tissue 
Can Benefit From Thrombectomy Up to 
16 Hours From Onset of Symptoms

SOURCE: Published simultaneously in N Engl J Med. Albers G, Marks MP, 
Kemp S, et al. Thrombectomy for stroke at 6 to 16 hours with selection 
by perfusion imaging. N Engl J Med Jan 24, 2018; doi: 10.1056/NEJ-
Moa1713973.

Endovascular thrombectomy has been shown to be  
effective for the treatment of acute ischemic stroke  

in patients with occlusion of the proximal middle  
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cerebral artery or occlusion of the internal carotid artery 
if initiated within six hours of symptom onset. The 
recently reported DAWN trial (see January 2018 issue of 
Neurology Alert1) showed that the time window for the 
thrombectomy may be extended to 24 hours after the 
patient was last known to be well if patients are selected 
carefully based on a severe clinical deficit that is dis-
proportionate to the size of the infarct on imaging. The 
DAWN trial used CT-perfusion imaging or MR-diffusion 
and perfusion imaging to estimate the amount of perma-
nently damaged ischemic tissue. These techniques can be 
used to identify patients who might recover, regardless of 
the time from onset of symptoms until initiation of treat-
ment for reperfusion. 

The DEFUSE 3 trial (Endovascular Therapy Following 
Imaging Evaluation for Ischemic Stroke) was designed 
to test the hypothesis that patients who had salvageable 
ischemic brain tissue as identified by perfusion imaging 
would have a better functional outcome than patients 
treated with standard medical therapy in the interval 
from six to 16 hours after their last known normal. 
Patients were selected if they had a proximal middle 
cerebral artery or internal artery occlusion and an initial 
infarct size of < 70 mL, and a ratio of the volume of isch-
emic tissue on perfusion imaging to infarct volume of 1.8 
or more. Patients were assigned randomly to thrombec-
tomy plus standard medical therapy or standard medical 
therapy alone. The primary outcome was the score on 
the modified Rankin scale “range 0-6” at the 90.

The investigators randomized 182 patients before an 
interim analysis, and the study was terminated early. 
Endovascular therapy plus medical therapy, compared 
to medical therapy alone, was associated with a favor-
able functional outcome on the modified Rankin scale 

at 90 days (odds ratio, 2.77; P < 0.001). There was a 
shift in the modified Rankin scale, which resulted in a 
higher percentage of patients who were functionally 
independent with a score of 0-2 at 90 days (45% vs. 
17%; P < 0.001). The 90-day mortality rate was 14% in 
the endovascular group and 26% in the medical group 
(P = 0.05). There was no significant difference between 
the groups in the frequency of symptomatic intracranial 
hemorrhage (7% vs. 4%) or other serious adverse events 
(43% vs. 53%).

DEFUSE 3 results showed that endovascular thrombec-
tomy for ischemic stroke six to 16 hours after the patient 
was last known well plus standard medical therapy 
resulted in better functional outcomes than standard 
medical therapy alone among patients with large artery 
occlusion (i.e., proximal middle cerebral artery and in-
ternal carotid artery occlusions), if there was a significant 
region of tissue that was ischemic but not yet infarcted. 
The success of this study was highly dependent on careful 
patient selection using imaging mismatch, and it did not 
address patients who sustained ischemic stroke in the ver-
tebrobasilar circulation. Taken in conjunction with the 
recently published DAWN results, we can conclude that 
properly selected patients can benefit from endovascular 
thrombectomy up to 24 hours following last known well, 
with the requirement that they undergo proper imaging 
to determine the volume of the ischemic core and the sur-
rounding ischemic penumbra. These measurements can 
be calculated accurately using either MRI technology or 
CT technology.  n

REFERENCE
1. Fink ME. Thrombectomy is effective up to 24 hours after stroke 

– the DAWN trial. Neurol Alert 2018;37:39. 

REHABILITATION

Bone Marrow-derived Mesenchymal 
Stem Cells for Treatment of Chronic 
Ischemic Stroke Patients

SOURCE: Steinberg GK, Kondziolka D, Wechsler L, et. al. Two-year safety 
and clinical outcomes in chronic ischemic stroke patients after implantation 
of modified bone marrow derived mesenchymal stem cells: A phase 1/2a 
study. Presented at: ISC 2018. Jan. 25, 2018. Los Angeles, CA.

Dr. Gary Steinberg and his collaborators at Stanford 
University and the University of Pittsburgh reported 

on the results of a two-year, open-label, single-arm study 
to evaluate safety and clinical outcomes associated with 
surgical implantation of bone marrow-derived mesen-
chymal stem cells in 18 patients who had stable chronic 
ischemic stroke. Although all patients experienced 
adverse events related to the procedure (headaches), no 
patients withdrew because of adverse events, and there 

were no dose-limiting toxicities or deaths. Seven patients 
experienced a serious adverse event that resolved. Sixteen 
patients completed 24 months of treatment and follow-
up and showed statistically significant improvements 
from baseline in the European Stroke Scale, the NIH 
Stroke Scale, the Fugl-Meyer (F-M) total score, and the 
F-M motor function total score at 24 months. However, 
there were no statistically significant changes in the modi-
fied Rankin scale. Transient lesions were detected on T2 
FLAIR imaging in the ipsilateral cortex near the region of 
implantation approximately one to two weeks following 
the procedure. The cause of these transient lesions and 
the pathology is unknown at this time. Further follow-
up of patients will be required before a Phase III trial is 
initiated. The preliminary findings certainly are encourag-
ing, but require explanation as far as mechanism and the 
long-term expectations. It is believed that the changes are 
related to immune modulation and not actual implanta-
tion and growth of the stem cells into new brain cells.  n
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ABSTRACT & COMMENTARY

Treatment for Autoimmune Small-fiber 
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: The cause of most cases of small-fiber neuropathy is uncertain, but many patients have accompanying autoimmune 
biomarkers. In a carefully selected group of such patients, intravenous immunoglobulin treatment appears to provide benefit. 

SOURCE: Liu X, Treister R, Lang M, Oaklander AL. IVIg for apparently autoimmune small-fiber polyneuropathy: First analysis of efficacy 
and safety. Ther Adv Neurol Disord 2018:11: 1756285617744484. doi: 10.1177/1756285617744484. eCollection 2018.

Affecting thinly myelinated A-δ and unmyelinated  
 C-fibers, small fiber neuropathy (SFN) results in 

neuropathic pain and autonomic dysfunction. No etiol-
ogy is found in 53% of cases. Autoimmune diseases, so-
dium channel gene mutations, diabetes mellitus, glucose 
intolerance, and vitamin B12 deficiency are more preva-
lent compared to the general population, and 26.7% 
demonstrate additional underlying conditions, even when 
a known possible cause is present at screening. Alcohol 
abuse, chemotherapy, monoclonal gammopathy of un-
determined significance, and hemochromatosis are other 
associated conditions.1 Autoimmunity may play a role, 
even absent a known diagnosis of autoimmune disease. 
Treatment remains symptomatic unless an underlying 
condition can be addressed. Does intravenous immuno-
globulin (IVIG) have a therapeutic role in patients with 
apparently autoimmune SFN (aaSFN)?

aaSFN is a concept originating from reports of idiopathic 
SFN patients responding to corticosteroids or IVIG. It 
gained further traction with reports of improvement fol-
lowing IVIG in SFN patients with celiac disease, sarcoid-
osis, Sjögren’s syndrome, and eosinophilic granulomato-
sis with polyangiitis. 

To gain further insight into the efficacy of IVIG for 
aaSFN, medical records of patients evaluated for SFN 
at Massachusetts General Hospital between 2007-2015 
were reviewed, and those with definite SFN, defined as 
physician’s diagnosis confirmed with nerve biopsy or 
autonomic function testing (AFT), were selected. Inclu-
sion criteria further required exclusion of other etiolo-
gies, including diabetes, thyroidopathy, Lyme disease, 
Sjögren’s syndrome, celiac disease, hepatitis, monoclonal 
gammopathies, and vitamin abnormalities. Evidence of 
dysimmunity also was required, comprising a systemic 
rheumatologic or specific autoimmune disorder affecting 
at least one organ system other than small nerve fibers. 
Patients with nerve-specific aaSFN also were included 
if their biopsies demonstrated inflammatory infiltrates 
or if blood studies documented unexplained inflamma-
tory markers, including antinuclear antibody > 1:160, 

elevated erythrocyte sedimentation rate > 15 mm/h, low 
complement C3 or C4, or Sjögren’s antibodies. Lastly, 
inclusion required a trial of IVIG > 1 g/kg/4 weeks 
for at least three months. Primary outcome was pain 
severity rated on the standard 11-point scale and AFT, 
with secondary outcomes including safety and standard 
seven-point patient global impression of change. Statisti-
cal analysis comprised the Shapiro-Wilk, McNemar, and 
chi-square tests, with P < 0.025 required for statistical 
significance. 

Among 55 eligible patients, 78% (n = 43) were female, 
and average age was 41 years. Overall, 74% of patients 
rated themselves improved, 77% of neurologists rated 
their patients as IVIG responders, and 16% remained in 
remission after IVIG withdrawal. More than 30% pain 
reduction was found in 31% of patients with baseline 
pain (10/32), and AFT improved in 31%. Adverse events 
included typical infusion reactions, such as headache, 
nausea, and flu-like symptoms, resulting in three pa-
tients discontinuing IVIG before three months, with 
two instances of venous thrombosis not requiring IVIG 
cessation and one instance of severe hemolytic anemia 
that resolved after IVIG discontinuation. IVIG is safe and 
appears effective for carefully selected aaSFN patients. 
Prospective trials are needed to support this class IV 
evidence.

n COMMENTARY
Following infusion, IVIG requires three to five days to 
equilibrate between the intra- and extravascular systems. 
Essentially a collection of pooled antibodies, mainly of 
the immunoglobulin G (IgG) isotype, serum IgG rapidly 
declines during the first week because of a shift from 
the intravascular to the extravascular space, and more 
slowly thereafter, where the decline is due to catabolism, 
comprising a half-life of approximately three weeks. Nu-
merous mechanisms have been proposed to explain the 
anti-inflammatory properties of IVIG, including, among 
others, Fc receptor blockade, complement inhibition, 
cytokine modulation, apoptosis enhancement, circulating 
IgG catabolism augmentation, IgG sialylation (attaching 
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sialic acid to the Fc or Fab component of IgG), interrup-
tion of T-cell adhesion to the extracellular matrix, and 
modulating glucocorticoid receptors. Its potential benefit 
in treating apparently aaSFN is physiologically plausible. 
We await further evidence of its efficacy.  n

REFERENCE
1. De Greef BTA, Hoeijmakers JGJ, Gorissen-Brouwers CML, 

et al. Associated conditions in small fiber neuropathy — a 
large cohort study and review of the literature. Eur J Neurol 
2018;25:348-355.

ABSTRACT & COMMENTARY

Salivary microRNA as Biomarker to Predict 
Prolonged Concussion Symptoms
By Karishma Parikh, MD, and Barry Kosofsky, MD, PhD
Dr. Parikh is Fellow in Pediatric Neurology, Weill Cornell Medical College.  
Dr. Kosofsky is Professor of Pediatrics and Neurology, Weill Cornell Medical College.

Dr. Parikh reports no financial relationships relevant to this field of study.  
Dr. Kosofsky reports that he is a major stockholder of b2d2, a biotechnology company.

SYNOPSIS: In a prospective cohort study of pediatric patients, aged 7 to 21 years, diagnosed with concussion, salivary microRNAs were 
found to be a potential biomarker for predicting prolonged concussion symptoms. 

SOURCE: Johnson JJ, Loeffert AC, Stokes J, et al. Association of salivary microRNA changes with prolonged concussion symptoms. JAMA 
Pediatr. Published online Nov. 20, 2017. doi:10.1001/jamapediatrics.2017.3884.

Concussions continue to confer a significant dis- 
 ease burden for children and adolescents, without 

adequate tools to diagnose or monitor symptomatology 
objectively. Many of the clinical tools currently used rely 
on subjective reporting of nonspecific symptoms, making 
it difficult to predict which patients will have persistence 
of symptoms and develop prolonged concussion symp-
toms (PCS). 

MicroRNAs (miRNAs), which are small, noncoding 
RNAs that circulate in exosomes and microvesicles, 
have been considered ideal biomarkers because of their 
abundance and stability. In the past few years, a number 
of miRNA studies performed in adult patients with trau-
matic brain injury (TBI) have demonstrated variability of 
expression that correlated with the severity of their TBI. 
This is the first report of the pattern of miRNA expres-
sion in the pediatric TBI/concussion population. 

This study enrolled 52 pediatric patients (age 7 to 21 
years) who had been diagnosed with concussion (mTBI) 
within two weeks of injury in an outpatient setting. The 
symptom portion of the Standardized Concussion Assess-
ment Tool (SCAT3) was administered to both patients 
and their parents at the time of enrollment and repeated 
at four weeks and, in more symptomatic cases, eight 
weeks following injury. Patients with SCAT3 scores  
> 5 four weeks after injury were identified with PCS, and 
those with scores < 5 with acute concussion syndrome 
(ACS). Salivary miRNA collected from all participants at 
the time of enrollment was then extracted and sequenced.

Between the ACS (n = 22) and PCS (n = 30) groups,  
there were no significant differences with respect to 

demographic, medical, or concussion characteristics. 
Forty-two percent of the participants were females, with 
a mean age of 14 years. Most participants were enrolled 
within one week of their concussion. The most common 
mechanism was sports-related participation (42%), and 
46% of the patients had previous concussions. 

Of the 52 miRNA samples obtained, 15 miRNA concen-
trations were able to differentiate between ACS and PCS. 
Levels of five of those 15 miRNAs accurately identified 
patients in the PCS group with an accuracy rate of 85% 
(area under the curve = 0.856; 95% confidence interval, 
0.82-0.89), a sensitivity of 80%, and a specificity of 75% 
for PCS status. Three miRNAs were associated with 
specific symptomatology four weeks after injury, includ-
ing difficulties with memory (miR-320c-1), headaches 
(miR-629), and fatigue (let-7b-5p). 

n COMMENTARY
This is a seminal study, as it is the first of its kind to try to 
identify a biomarker in pediatric patients for predicting 
prolonged concussion symptoms. Using a verified bio-
marker would help to identify and stratify those patients 
most likely to have prolonged symptomology, to opti-
mize their management early on with targeted therapy, 
and to serve as an objective measure to help monitor re-
covery and appropriate time periods for initiating return 
to play. Additionally, using saliva to extract miRNA is a 
unique and convenient tool in the pediatric population 
that could be used in a wide range of clinical and even 
school-based sports program settings. 

From a mechanistic perspective, the particular miRNAs 
differentially induced in the PCS group point to the  
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Update on Treatment of Headaches

CME QUESTIONS

1. Combination therapy with antihypertensives 
and statins is effective in reducing the 
incidence of a first ischemic stroke.
a. True
b. False

2. Preeclampsia is not a significant risk factor for 
future stroke in women. 
a. True
b. False

3. Risk of ischemic stroke is increased for 30 
days following acute myocardial infarction. 
a. True
b. False

4. Ischemic stroke during pregnancy often is 
misdiagnosed because of frequent stroke 
mimics. 
a. True
b. False

5. Intravenous thrombolysis is beneficial is 
patients with mild ischemic stroke. 
a. True
b. False

6. NOACs carry a lower risk for intracerebral 
hemorrhage than warfarin. 
a. True
b. False

7. The DAWN trial confirmed the benefit of 
endovascular thrombolysis in patients with 
core infarct/clinical mismatch up to 24 hours 
after last known well condition. 
a. True
b. False

8. The DEFUSE 3 trial confirmed the benefit of 
endovascular thrombolysis in patients with 
imaging evidence of core infarct/perfusion 
mismatch up to 16 hours after last known well 
condition. 
a. True
b. False

9. Stem cell therapies to treat ischemic stroke 
have no proven benefit. 
a. True
b. False

10. Which of the following is true regarding 
autoimmune SFN (aaSFN)?
a. aaSFN is not a valid clinical entity.
b. aaSFN may respond to intravenous 
immunoglobulin.
c. aaSFN is always due to a diagnosable 
autoimmune disease.
d. aaSFN requires identification of peripheral 
nerve antibodies.

11. How could miRNAs as a noninvasive 
biomarker of concussion enable clinicians to 
improve diagnosis and management?
a. Identify patients at risk for prolonged 
concussion symptoms (PCS)
b. Direct patients at risk for PCS to 
appropriate therapy earlier
c. Monitor the therapeutic response and assist 
with return to play decisions for patients with 
PCS
d. All of the above

potential relevance of neurotrophin signaling 
via TRK and sortilin-1, implicating BDNF and 
its known role in brain injury and repair. Re-
cent preclinical evidence (Giarratana et al. So-
ciety for Neuroscience 2017, abstract #140.03) 
has identified that a common polymorphism 
in the human BDNF gene (val -> met) in-
creases the extent of brain injury following 
experimentally induced, cortical impact. Such 
findings not only reinforce the relevance of 
the current study, but suggest the possibility 
of achieving even greater predictive value of 
PCS using miRNA testing in combination with 
commonly available genetic testing (i.e., single 
nucleotide polymorphisms). 

Because of the small sample size of this 
study, larger cohort studies will be required 
to validate the predictive nature of this set of 
miRNAs predictive of PCS in the pediatric 

population. Additionally, adjustments for po-
tential confounding factors related to changes 
in concentrations of specific miRNAs due to 
interval from injury, genotype (see above), age, 
gender, medication use, and history of previous 
concussions may need to be considered. Ideally, 
this should be performed in conjunction with 
determining longitudinal miRNA concentra-
tions as it relates to type of brain injury, as well 
as therapies such as graded exercise. 

Overall, the use of miRNAs could be the start 
of identifying specific and targeted biomarkers 
to help prevent and modify concussion/TBI 
burden in pediatric patients as well as adults, 
which would be particularly beneficial in ath-
letes. This study provides optimistic evidence 
for the evolution of better tools to assist in 
the diagnosis and management of concussion 
patients.  n
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