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ABSTRACT & COMMENTARY

Ketamine for Super-Refractory Status 
Epilepticus
By Padmaja Kandula, MD 

Assistant Professor of Neurology and Neuroscience, Comprehensive Epilepsy Center, Weill Cornell Medical College

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

SYNOPSIS: In this retrospective paper, the authors review the efficacy and safety of ketamine infusion in patients with status epilepticus 
who have failed benzodiazepine, standard anticonvulsant, and at least one other anesthetic drip. 

SOURCE: Alkhachroum A, Der-Nigoghossian CA, Mathews E, et al. Ketamine to treat super-refractory status epilepticus. Neurology 
2020; Sept. 1. doi: 10.1212/WNL.0000000000010611. [Online ahead of print].

Status epilepticus, defined as an emergent endur-
ing ictal state, has nearly tripled in the last three 
decades, with an annual mortality of nearly 20%. 

The treatment of super-refractory status epilepticus 
(SRSE), or failure of benzodiazepine, one standard 
anticonvulsant, and anesthetic use, defines a popula-
tion of patients with potentially increased mortality 
and morbidity. Despite the increased armamentarium 
of treatment options, standardized, high-quality data 
for SRSE are absent in the literature. Predictably, there 
is great variability across the nation and worldwide 
regarding management. 

Animal models of self-sustaining status epilepticus 
suggest that drugs with gamma-aminobutyric acid 
(GABA) mediated inhibition, such as benzodiazepines, 

may become less effective over time because of recep-
tor trafficking. As status epilepticus continues, GABAA 
receptors undergo endocytosis with upregulation of 
N-methyl-D-aspartate (NMDA) receptors.

This relative GABA pharmacoresistance has led to 
renewed interest in exploring agents with alternative 
mechanisms of action. Although ketamine has been in 
widespread clinical use since the 1970s, secondary to 
the agent’s combined hypnotic, analgesic, and amnestic 
qualities, recent interest for use in status epilepticus has 
emerged only over the last two decades as a result of 
the agent’s unique role as an NMDA receptor antago-
nist. The authors presented a retrospective single-center 
series of patients treated with adjunctive ketamine infu-
sion for SRSE.
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Nearly 261 adult patients were retrospec-
tively identified as meeting SRSE at New 
York Presbyterian Hospital, Columbia Uni-
versity Medical Center in New York. Nearly 
one-quarter of patients were treated with 
adjunctive ketamine. All 68 patients treated 
with ketamine received prior midazolam 
anesthetic infusion. Concurrent electroen-
cephalographic (EEG) recording, mean arte-
rial pressure (MAP), arterial blood pressure 
(ABP), intracranial pressure (ICP), cerebral 
perfusion pressure (CPP), and cerebral blood 
flow (CBF) were measured. The main out-
come was seizure control (complete seizure 
cessation or more than 50% reductive bur-
den) within 24 hours of ketamine initiation. 
Seizure control post-ketamine discontinu-
ation, in-house mortality, discharge status, 
and modified Rankin and Glasgow outcome 
scales extended at discharge also were incor-
porated into the analysis. Practical measures, 
such as hospital length of stay, withdrawal of 
life support, resuscitation status, and need for 
tracheostomy and percutaneous endoscopic 
gastrostomy, also were recorded. Ketamine 
was started at the discretion of the treating 
physician after midazolam failure. 

The study cohort was composed of cardiac 
arrest (27%) and new onset refractory status 
epilepticus (18%). Seizures were noted as 
either focal or generalized. Roughly 80%  
of patients had 50% reduction in seizure 
burden within 24 hours of ketamine  
initiation. Nearly 65% of patients had 

seizure cessation. Forty percent of patients 
with seizure cessation eventually died. Of 
those without seizure cessation, nearly 55% 
of patients died. On average, ketamine was 
started two days after admission, with an 
average rate of 1.8 mg/kg/hr to 2.2 mg/kg/hr. 
MAP and ICP remained stable, along with a 
decrease in vasodepressor requirements over 
time, irrespective of dosage or duration of 
ketamine use. 

n COMMENTARY
Mechanistically, ketamine NMDA an-
tagonism may help offset GABA-mediated 
pharmacoresistance in refractory status 
epilepticus. In addition, the lack of profound 
vasodepressor effect also is appealing in the 
critically ill population where treatment may 
carry equal or higher morbidity than the 
underlying condition. 

However, the study is not without several 
limitations. All data were retrospective, un-
blinded, and without a control group. Treat-
ment dose and titration schedule also were 
variable, complicating the independent vs. 
cumulative effects of concurrent anesthetic 
agents. The electrographic endpoint also was 
binary (seizure vs. no seizure), not reflecting 
the often “gray” zone of ictal equivalents, in-
cluding periodic discharges. However, despite 
the aforementioned limitations, the overall 
rationale for earlier use in status epilepticus is 
interesting and warrants further prospective 
investigation.  n

ABSTRACT & COMMENTARY

COVID-19 Infection in MS Patients 
By Jai S. Perumal, MD

Assistant Professor of Neurology, Weill Cornell Medical College; Assistant Attending 
Neurologist, New York-Presbyterian Hospital

Dr. Perumal reports she is a consultant for Biogen and Genzyme.

SYNOPSIS: In a multicenter, retrospective analysis of patients in a multiple sclerosis (MS) registry, the authors 
described the clinical characteristics and risks associated with severity of complications from COVID-19 
infection in patients with MS. The risks were similar to those in the general population, including age, 
obesity, male sex, and cardiopulmonary comorbidities, but also the level of baseline MS disability. Being on 
a disease-modifying therapy did not seem to increase the risk of severe COVID-19 disease, but multiple 
immunosuppressive medications were associated with a higher risk of serious complications.

SOURCE: Louapre C, Collongues N, Stankoff B, et al, for the Covisep investigators. Clinical characteristics and 
outcomes in patients with coronavirus disease 2019 and multiple sclerosis. JAMA Neurol 2020;77:1-10. 

This study reviewed data from 347 mul-
tiple sclerosis (MS) patients in a nation-

wide registry in France between March 1 and 

May 21, 2020. All patients met the diagnos-
tic criteria for MS and were confirmed or 
highly suspected of having had COVID-19 
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infection based on at least one of the following: SARS-
CoV-2 polymerase chain reaction on nasal swab, typical 
chest computed tomography findings, acute onset an-
osmia or ageusia without another explanation, or other 
typical COVID-19 symptoms, including the triad of 
cough, fever, and asthenia in an epidemic zone. 

The main objective of the study was to assess the as-
sociation between COVID-19 disease severity based on 
a seven-point ordinal scale ranging from 1 (not hospi-
talized and no limitations in activities) to 7 (death). In 
addition, patient demographics, disability as measured 
by the Expanded Disability Status Scale (EDSS), co-
morbidities, and MS disease-modifying therapy (DMT) 
were collected. The mean age (standard deviation) of the 
patients was 44.6 years, the mean disease duration was 
13.5 years, and the mean EDSS was 2 (range 0 to 9.5). 
Of the 347 patients, 249 were women and 284 (81.8%) 
patients were taking DMT. Demographic data were 
compared between patients with COVID-19 disease 
severity scales 1 and 2, and patients with COVID-19 dis-
ease severity scales 3 or more (indicating hospitalization 
or death). The DMTs for MS were grouped according 
to systemic infection risk: 1) no risk (glatiramer acetate 
and interferon); 2) low risk (teriflunomide, dimethyl 
fumarate, and natalizumab); and 3) intermediate or high 
risk (fingolimod, anti-CD20 therapies, cladribine, and 
alemtuzumab). 

Seventy-three (21%) patients had a COVID-19 disease 
severity of 3 or more. Patients in this more severe disease 
category were more frequently male, were older (55 
years of age vs. 41.9 years of age; P < 0.001), had more 
disability (EDSS 6 vs. 2; P < 0.001), and more often 
had a progressive disease course (36/73 vs. 29/274; P < 
0.001). Obesity and the presence of cardiopulmonary 
comorbidities also were associated with an increased 
rate of hospitalization. In this study, there was a higher 
proportion of severe disease among patients who were 
not taking a DMT compared to those who were taking 
a DMT (26/63 [46%] vs. 44/284 [15.5%]; P < 0.001). 
The authors speculated that differences in baseline 
demographics of those taking treatment vs. those not 
taking treatment might be a reason for this finding, but 
they also noted this has to be explored further. However, 
among patients on DMT, there was higher rate of sever-
ity of COVID-19 disease in patients taking one of the 
intermediate- to high-risk medications when compared 
to one of the low- or no-risk medications (24/1,010 
[23.8%] in  high-risk vs. 17/130 [13.1%] in the low-risk 
and 3/53 [5.7 %] in the no-risk group; P = 0.007). Using 
multivariate analysis, they found that male sex, obesity, 
cardiopulmonary comorbidity, and higher EDSS were 
independent variables associated with severe COVID-19 
disease. Twelve (3.5%) patients died from COVID-19, 
with most having significant baseline MS disability and 
progressive disease. This percentage is higher than what 

is reported in the general population. Four patients 
required mechanical ventilation and three were on anti-
CD20 therapies. One had progressive disease and the 
other two had obesity as a comorbidity. Although their 
comorbidities would increase their risk of severe disease, 
immune suppression with these medications could have 
played a role as well. Since their data did not seem to 
indicate generally that patients taking a DMT were at 
significantly higher risk for severe COVID-19 disease, 
the authors concluded that patients with high inflam-
matory activity and risk of disability should be started 
or continued on DMT, but one should exercise caution 
when using DMTs in patients with significant baseline 
disability and older age. 

n COMMENTARY                
Given the ongoing COVID-19 pandemic, and the relative 
dearth of detailed data, the risks associated with immu-
nosuppressive treatment for conditions like MS and the 
severity of complications from it remain major concerns 
for patients and the clinicians treating them.

In this study, the authors found that the risks associated 
with more severe COVID-19 disease were similar to 
those in the general population, including, among others, 
age and obesity. Progressive disease and more severe 
baseline disability also were associated with a higher 
risk. The lack of association between taking a DMT and 
severity of COVID-19 disease is likely the result of the 
baseline demographics of patients taking a DMT, who 
tend to be younger and have less advanced disease. How-
ever, among the DMTs, the more immunosuppressive 
treatments were associated with more severe COVID-19 
disease. In addition, even though the numbers were 
small, among four patients who required mechanical 
ventilation, three were on anti-CD20 targeted therapy, 
which is a significant immune suppressive treatment for 
MS. It would be prudent to be cautious before starting or 
continuing this or similar immune suppressive treatment 
for patients and to assess the need on an individual basis. 
This study also found that older, progressive, and more 
disabled patients were at higher risk for severe  
COVID-19 infections. We also know from published 
data regarding the efficacy of DMTs that this patient 
population is least likely to benefit from a DMT. There-
fore, even more so during this pandemic, one should be 
wary of immune suppression for MS in this group.

Overall, the data from this study provide some reassur-
ance in general about MS treatment and COVID-19 
disease severity, but it is vital that one assess the risks vs. 
benefits individually and carefully before starting and/
or continuing a DMT. For patients on immune suppres-
sive treatment, we must educate them about COVID-19 
infections and emphasize that they follow all measures 
diligently to decrease the risk of potential exposure to 
COVID-19.  n
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ABSTRACT & COMMENTARY

IqYmune for CIDP
By Michael Rubin, MD
Professor of Clinical Neurology, Weill Cornell Medical College

Dr. Rubin reports he is a consultant for Merck Sharp & Dohme Corp.

SYNOPSIS: IqYmune is a highly purified 10% concentration of human immunoglobulin obtained from healthy volunteers. It appears 
to have similar efficacy in the treatment of chronic inflammatory demyelinating polyneuropathy (CIDP) as conventional intravenous 
immunoglobulin, with 76% of the study patients showing a significant improvement in a standardized disability score.

SOURCE: Nobile-Orazio E, Pujol S, Kasiborski F, et al. An international multicenter efficacy and safety study of IqYmune in initial and 
maintenance treatment of patients with chronic inflammatory demyelinating polyradiculoneuropathy: PRISM study. J Peripher Nerv Syst 
2020; Aug. 18. doi.org/10.1111/jns.12408. [Online ahead of print].

Based on several studies, the largest of which is the 
double-blind, multicenter ICE (Intravenous immuno-

globulin [IVIg] in chronic inflammatory demyelinating 
polyneuropathy [CIDP] Efficacy) trial in 2008, IVIg has 
become a first-line treatment for CIDP, preferred over ste-
roids because IVIg provides a more rapid onset of clinical 
improvement and a better adverse effect profile. It also 
is preferred over plasma exchange because of the ease of 
use and availability of IVIg.1 Administered intravenously, 
IqYmune, a highly purified 10% liquid preparation of 
normal human immunoglobulin obtained from healthy 
donors and approved in Europe in 2015 as replacement 
therapy for primary immunodeficiency syndrome and 
hypogammaglobulinemia, has been used successfully to 
treat multifocal motor neuropathy and Guillain-Barré 
syndrome. Is it beneficial in CIDP?

In this prospective, international, multicenter, single-
arm, open-label, Phase III study extending from Febru-
ary 2015 to September 2017, the efficacy and safety of 
IqYmune in CIDP was examined. Patients with CIDP, 18 
years of age or older, diagnosed using the 2010 clinical 
and neurophysiological criteria of the European Federa-
tion of Neurological Societies/Peripheral Nerve Society 
guidelines, with a disability score of at least 2, were 
included. Also included were those with pure motor 
and pure sensory forms, and those with an associated 
monoclonal gammopathy of unknown significance. 
Exclusionary criteria comprised immunoglobulin allergy, 
immunoglobulin A (IgA) deficiency, hepatic disease, or 
any cardiovascular condition with increased thrombo-
embolic risk. Prior immunomodulatory treatment within 
12 months, or plasma exchange, steroids, or blood 
derivatives in the prior three months also were grounds 
for exclusion. IqYmune 2 g/kg was administered as an 
induction dose, followed by seven infusions of 1 g/kg 
every three weeks. 

Inflammatory neuropathy cause and treatment (INCAT) 
disability score at study end (week 24) was the primary 
endpoint, with the placebo group of the ICE trial used 
as a historical control. Secondary endpoints included 

responder rate at week 12, time to initial response, and 
grip strength in both hands using the Martin Vigorimeter. 

Among 59 patients screened for the study, only 44 met 
all criteria for enrollment. Of these, 23 were Ig-naïve, 
and 21 had relapsed following prior Ig treatment. In this 
latter group, one withdrew consent prior to treatment, 
and another was not assessed post-baseline. Among 42 
patients remaining in the study and included in the ef-
ficacy set, having primary efficacy endpoint assessment 
availability, overall response rate at study end with an 
improvement of at least one point in the INCAT dis-
ability score was 76.2%, with IqYmune demonstrating 
superiority to historical placebo controls (P < 0.0001). 
Time to response varied from nine to 19 weeks, with a 
median time of 15 weeks. Adverse effects (AEs) were 
experienced by 90.7% of patients and believed to be 
related to IqYmune in 69.8%. Headaches, fever, and 
myalgias were the most common drug-related AEs, all of 
which resolved without sequelae, except for worsening of 
pre-existing anemia in a gastrectomy patient treated with 
B12. Nine serious AEs were seen in seven patients, five of 
which were related to IqYmune in three patients, includ-
ing a transient ischemic attack in one patient (who was 
withdrawn prematurely); a severe headache leading to 
hospitalization, an anaphylactic reaction, and an increase 
in D-dimer, all in a second patient; and an asymptomatic 
neutropenia in a third patient. IqYmune appears safe and 
effective for CIDP.

n COMMENTARY
IVIg also appears safe at higher infusion rates than usual. 
The standard infusion rate of 10% IVIg is 0.08 mL/kg/
min. When incrementally increased to a maximum rate 
of 0.14 mL/kg/min in patients who tolerated the initial 
infusion rate, 19 of 25 patients in a prospective, open-
label trial at the Ellen and Martin Prosserman Center for 
Neuromuscular Diseases, University Health Network, 
Toronto, Ontario, safely tolerated the increased rate. No 
treatment-related AEs were associated with the higher 
infusion rate. Increasing the infusion rate will reduce 
treatment time and reduce healthcare costs.2  n 
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ABSTRACT & COMMENTARY

Tranexamic Acid and Outcomes in Patients  
with Moderate or Severe TBI
By Alexander E. Merkler, MD

Assistant Professor of Neurology and Neuroscience, Weill Cornell Medical College, and Assistant Attending Neurologist, 
New York-Presbyterian Hospital

Dr. Merkler reports he receives grant/research support from the American Heart Association and is a consultant for 
Medicolegal.

SYNOPSIS: In this randomized, placebo-controlled trial using tranexamic acid to treat patients with moderate or severe traumatic brain 
injury within two hours of injury, there was no significant difference between treatment groups in either mortality or functional recovery at 
six months. 

SOURCE: Rowell SE, Meier EN, McKnight B, et al. Effect of out-of-hospital tranexamic acid vs placebo on 6-month functional neurologic 
outcomes in patients with moderate or severe traumatic brain injury. JAMA 2020;324:961-974. 

Traumatic brain injury (TBI) is common. Worldwide, 
27 million people sustained a TBI in 2016 and there 

were 288,000 TBI-related hospitalizations in the United 
States alone.1,2 In addition, more than 3 million Ameri-
cans live with disability related to TBI.3 Current treat-
ment of acute TBI includes supportive medical manage-
ment and surgery, yet there are no available medications 
proven to treat TBI. 

Tranexamic acid prevents clot breakdown by inhibiting 
plasminogen and plasmin. In the randomized clinical trial 
CRASH-2, tranexamic acid improved survival in patients 
with severe hemorrhagic shock. Garnering interest from 
this positive trial, CRASH-3 evaluated the effect of 
tranexamic acid in more than 12,000 patients with TBI.4 
CRASH-3 found that tranexamic acid did not improve 
mortality from head injury.4 Rowell et al, in this current 
randomized clinical trial, examined whether tranexamic 
acid administered within two hours of TBI would result 
in improved neurological outcomes in patients with mod-
erate or severe TBI. Eligible patients were 15 years of age 
or older with a Glasgow Coma Scale (GCS) of 3 to 12, at 
least one reactive pupil, and a systolic blood pressure of 
at least 90 mmHg. Participants were randomly assigned 
to one of three treatment groups: 1) out-of-hospital 
tranexamic bolus with in-hospital tranexamic infusion; 
2) out-of-hospital tranexamic bolus with placebo infu-
sion; or 3) out-of-hospital placebo bolus with placebo 
infusion. Because of concerns with study power, the two 
tranexamic treatment groups were combined in the anal-
yses. The primary outcome was a favorable functional 
neurological outcome at six months after injury, defined 
as a Glasgow Outcome Scale-Extended (GOSE) of > 4. 

Nine hundred sixty-six participants were enrolled and 
included in the analysis. The median age ranged from 
36 to 40 years in the treatment groups; 73% to 85% of 
the participants were men; the median GCS was 7.6 to 
7.8; and 48% to 54% needed an out-of-hospital ad-
vanced airway. Intracranial hemorrhage was present on 
the initial brain imaging in 57% to 59% of participants. 
There was no difference in the primary outcome; a good 
functional outcome was present in 65% of participants 
who received tranexamic acid vs. 62% of those who 
received placebo. Similarly, there was no statistical differ-
ence in mortality (14% in the tranexamic group vs. 17% 
in the placebo group). In addition, among participants 
with multiple brain imaging, there was no significant 
difference in progression of intracranial hemorrhage in 
participants who received tranexamic vs. placebo. 

n COMMENTARY
There now are two randomized clinical trials show-
ing no benefit of early tranexamic acid for moderate to 
severe TBI. Both trials found that tranexamic did not 
improve survival at 28 days in patients with moderate to 
severe TBI. Although this trial did not examine patients 
with less severe injuries, in the subgroup of participants 
with mild and moderate TBI in CRASH-3, there was 
an improvement in mortality (risk ratio 0.78). This trial 
underscores the importance of patient selection — 20% 
of patients had a GCS of 13 or higher on admission, less 
than 60% had evidence of hemorrhage on initial brain 
imaging, and 15% of participants were lost to follow-up. 
These factors may have led to inaccurate findings. Future 
studies should evaluate alternative therapies aimed at 
improving neurological outcomes in patients with TBI, 
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Stroke Alert
By Matthew E. Fink, MD

 

and improved patient selection will be critical. In conclu-
sion, two randomized clinical trials have failed to show a 
benefit of early tranexamic acid in patients with moder-
ate or severe TBI.  n
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Carotid Endarterectomy vs. Medical 
Therapy in Patients with Asymptomatic 
Carotid Stenosis

SOURCE: Keyhani S, Cheng EM, Hoggatt KJ, et al. Comparative effective-
ness of carotid endarterectomy vs initial medical therapy in patients with 
asymptomatic carotid stenosis. JAMA Neurol 2020;77:1-12.

Multiple randomized clinical trials have demonstrated 
that carotid endarterectomy is beneficial in patients 

who have symptomatic carotid stenosis, and currently, 
that is the recommendation for such patients. Several 
trials from 25 years ago also reported that carotid end-
arterectomy is beneficial in patients with asymptomatic 
carotid artery stenosis greater than 60%. However, in the 
intervening years, advances in medical therapy, including 
statins and antiplatelet regimens, as well as significant im-
provement in the management of blood pressure, diabe-
tes, diet, and exercise, have been shown to reduce stroke 
rate. Therefore, it is currently controversial whether 
carotid endarterectomy is still beneficial in asymptomatic 
patients with carotid artery stenosis compared to current 
medical management.

These investigators analyzed several large databases from 
the U.S. Department of Veterans Affairs that collected 
clinical data on veterans of the U.S. Armed Forces age 65 
years or older who had carotid imaging performed be-
tween 2005 and 2009. Patients who had less than 50% 
stenosis or had a history of stroke or transient ischemic 
attack in the six months before imaging was performed 
were excluded from the analysis. A cohort of patients 
who were treated with initial medical therapy and a 
cohort of similar patients who were treated with carotid 
endarterectomy were collected and followed for up to 
five years. Kaplan-Meier curves were computed, and esti-
mates of both fatal and nonfatal strokes were determined 
in each cohort over a five-year period of follow-up. 

The study identified and followed 5,221 patients. The 
mean age was 73.6 years and 98.8% were men. Among 
the study participants, 2,509 received carotid endarterec-
tomy and 2,479 received initial medical therapy within 
one year after carotid imaging. In those who underwent 
carotid endarterectomy, the observed rate of stroke or 
death as a perioperative complication was 2.5%. The 
five-year risk of fatal and nonfatal strokes was lower in 
those who underwent carotid endarterectomy compared 
to the patients randomized to initial medical therapy 
(5.6% vs. 7.8%). However, when the perioperative risks 
of death and perioperative stroke were included, there 
was no significant difference in the overall risk of stroke 
or death over a five-year period. The overall five-year risk 
of fatal and nonfatal strokes was 5.5% in patients un-
dergoing carotid endarterectomy and 7.6% among those 
randomized to medical therapy. These differences were 
not statistically significant. Compared to trials performed 
more than 20 years ago, the risk reduction was less than 
half in the current study, and supports medical therapy as 
an acceptable alternative strategy for these patients.  n

Can Anticoagulant Strategies Reduce 
Covert Brain Infarcts in Patients  
with Cardiovascular Disease?

SOURCE: Sharma M, Hart RG, Smith EE, et al. Rivaroxiban for prevention 
of covert brain infarcts and cognitive decline: The COMPASS MRI substudy. 
Stroke 2020;51:2901-2909.

Covert brain infarcts are detected on magnetic reso- 
 nance imaging (MRI) studies in the aging brain in 

about 10% of people at age 65 years, increasing to 25% 
at age 80 years. They are more common than symptom-
atic ischemic stroke and are associated with the long-
term development of cognitive decline, gait impairments, 
and behavioral disorders. Covert vascular lesions include 
white matter hyperintensities and cerebral microbleeds. 
They accumulate over time and are additive to changes 
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that occur with amyloid deposition in Alzheimer’s dis-
ease. Most patients who develop dementia have a combi-
nation of multiple small infarcts, plus amyloid deposition. 
Prevention of covert infarcts is a strategy to mitigate the 
frequency and severity of late-life dementia.

Sharma et al evaluated a subset of patients who under-
went brain MRIs in the COMPASS study. This study 
included patients who had stable coronary or peripheral 
artery disease, including carotid artery stenosis, who were 
randomized to aspirin 100 mg daily, or rivaroxiban 5 
mg twice daily or 2.5 mg twice daily plus aspirin. The 
study showed a significant benefit for the combination 
of rivaroxiban and aspirin for the composite endpoint 
of stroke, myocardial infarction, or vascular death.1 Pa-
tients who underwent serial brain MRIs were evaluated 
for changes in covert infarcts during the course of the 
study. Baseline and follow-up imaging of the brain was 
completed in 1,445 participants over an interval of two 
years. Participants also had measurements of cognition 
and function. The primary endpoint was a proportion of 
participants with incident covert infarcts. Secondary end-
points were a composite of clinical stroke, covert infarcts, 
cerebral microbleeds, and white matter hyperintensities.
At baseline, 493 (34.1%) participants had infarcts on 
imaging. Incident covert infarcts occurred in 55 (3.8%) 
participants. In the overall trial, rivaroxiban plus aspirin 
reduced clinical ischemic stroke by 49%. In the substudy 
looking at covert infarcts, the effects of rivaroxiban plus 
aspirin vs. aspirin alone were 2.4% vs. 3.5% respectively, 
a non-statistically significant difference. Incident micro-
bleeds occurred in 6.6% of participants, and 65.7% of 
the participants had an increase in white matter hyper-
intensities over time with no effect of treatment for any 
endpoint. There was no effect on cognitive testing as well. 
In conclusion, treatment with rivaroxiban and aspirin 
did not reduce the development of covert infarcts but 
did have a beneficial effect in reducing the risk of clinical 
ischemic stroke.  n
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Recurrent Stroke After Embolic Stroke  
of Undetermined Source

SOURCE: Veltcamp R, Pearce LA, Korompoki E, et al. Characteris-
tics of recurrent ischemic stroke after embolic stroke of undetermined 
source: Secondary analysis of the randomized clinical trial. JAMA Neurol 
2020;77:1233-1240. 

Twenty percent to 40% of ischemic strokes are classi-
fied as cryptogenic, meaning a specific cause cannot 

be identified. A subset of those have been classified by 
some investigators as embolic stroke of undetermined 
source (ESUS). However, this remains a controversial 
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CME QUESTIONS

1.  Super-refractory status epilepticus is defined as 
which of the following?
a. Seizure lasting > 5 minutes
b. Continued seizure activity despite 
benzodiazepine use
c. Continued seizure activity after failure of 
appropriately dosed anticonvulsants
d. Continued seizure activity despite 
anesthetic agents 

2.  Which of the following statements about 
IqYmune is true?
a. IqYmune is an alternative immunoglobulin 
that may be used for treatment of chronic 
inflammatory demyelinating polyneuropathy.
b. IqYmune is associated with an increased 
risk of severe chemical meningitis.
c. IqYmune is a low concentration 1% 
intravenous immunoglobulin.
d. IqYmune must be infused slowly to reduce 
the adverse effect profile.

3.  Which of the following categories of multiple 
sclerosis patients has an increased risk of 
severe COVID-19 infection? 
a. Young women on treatment with disease-
modifying therapy (DMT)
b. Older and obese patients on DMT  
c. Older patients not on any DMT
d. Younger patients with disability 

4.  A 37-year-old man is brought to the 
emergency department after falling off a 
ladder and hitting his head. He is lethargic, 
with a Glasgow Coma Scale of 12. His 
systolic blood pressure is 100 mmHg and his 
oxygenation is stable. Which of the following 

statements is accurate regarding the use of out-
of-hospital tranexamic acid?
a. Tranexamic acid should be given because 
it leads to improved functional neurological 
outcomes and improved survival.
b. Tranexamic acid should be given 
because it leads to improved survival but 
no improvement in functional neurological 
outcomes.
c. Tranexamic acid should not be given 
because it leads to neither improved survival 
nor improved functional outcomes. 
d. Tranexamic acid should not be given 
because, although tranexamic acid improves 
survival, it does not improve functional 
neurological outcomes.

5.  Compared to medical therapy, carotid 
endarterectomy results in better long-term 
reduction of stroke recurrence in patients with 
asymptomatic carotid artery stenosis.
a. True 
b. False 

6.  The use of anticoagulant medication with 
aspirin reduces the risk of dementia in patients 
with cardiovascular disease. 
a. True
b. False 

7.  The classification of embolic stroke of 
undetermined source is a category that helps 
to define the course and natural history of 
cardiovascular disease. 
a. True
b. False 

category and classification. ESUS is defined by 
specific neuroimaging features, other diagnos-
tic tests, and exclusion of certain causes. The 
annual stroke recurrence rate is about 5%, 
and these investigators undertook this study 
to try to learn more about the etiology of 
recurrent stroke.

The investigators performed a secondary 
analysis of the randomized trial that was con-
ducted from 2014 to 2017 comparing the ef-
ficacy and safety of rivaroxiban and aspirin in 
patients with recent ESUS. During the period 
of follow up, recurrent ischemic stroke was 
validated in 309 of 7,213 patients. The recur-
rent strokes were classified into categories of 
ESUS or other categories, including cardioem-
bolic, atherosclerotic, lacunar, other deter-
mined cause, or insufficient testing. As part of 
the overall trial, patients had been randomly 

assigned to receive rivaroxaban 15 mg per day 
or aspirin 100 mg per day. Diagnostic testing 
was insufficient to classify 39 patients. Of the 
240 that could be classified, 58% were identi-
fied as ESUS and 42% were other causes, 
32% cardioembolic, 23% atherosclerotic, 
31% lacunar, and 14% of other determined 
cause. Atrial fibrillation was found the 9% 
of the patients with recurrent ischemic stroke 
and this was associated with worse morbid-
ity and mortality. The risk of recurrence did 
not differ significantly by subtype between the 
two treatment groups. For all groups, infarct 
location was more often in the left hemi-
sphere, 54% vs. 46%, or in the brainstem or 
cerebellum, 14% vs. 9%. In conclusion, most 
recurrent strokes are once again categorized as 
ESUS. No additional information was found 
regarding specific etiologies in this group of 
ischemic stroke patients of uncertain cause.  n
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