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ABSTRACT & COMMENTARY

Neurotropism of COVID-19: What Is New?
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: SARS-CoV-2 may gain access to the brain via the olfactory epithelium. The olfactory epithelium and bulbs may serve as an 
entry point for SARS-CoV-2 infection into the central nervous system.

SOURCES: Matschke J, Lutgehetmann M, Hagel C, et al. Neuropathology of patients with COVID-19 in Germany: A post-mortem 
case series. Lancet Neurol 2020;19:919-929.

Chiesa-Estomba CM, Lechien JR, Radulesco T, et al. Patterns of smell recovery in 751 patients affected by the COVID-19 outbreak. Eur 
J Neurol 2020;27:2318-2321.

The COVID-19 worldwide pandemic is caused 
by severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2). Neurological involvement 

in COVID-19 is common, occurring in approximately 
one-third of patients hospitalized with COVID-19.1 
Both the central and peripheral nervous system can be 
affected. One major area of uncertainty is the route 
that SARS-CoV-2 uses to gain access to the central 
nervous system (CNS). 

In the current study, Matschke et al evaluated the 
neuropathological features in the brains of patients 

with COVID-19 who died in Hamburg, Germany.2 
Forty-three patients were included in the analysis. The 
median age was 76 years and 37% were women; the 
cause of death was attributed to respiratory illness in 
the majority of individuals. SARS-CoV-2 was detected 
via polymerase chain reaction (PCR) in 21 (53%) of 
the 40 patients with adequate samples. 

In addition, there was evidence for an inflamma-
tory response in all examined brains, with promi-
nent involvement of the brainstem. Interestingly, the 
neuropathological evidence of SARS-CoV-2 was not 
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associated with the severity of the neuroin-
flammatory response. Finally, evidence of 
acute cerebral infarction was found in 14% 
of the patients, consistent with prior reports 
suggesting that COVID-19 is associated 
with a heightened risk of stroke.3 Whether 
SARS-CoV-2 causes direct neurological 
injury, or whether SARS-CoV-2 leads to a 
neuroinflammatory response remains to be 
determined and requires further study. 

How does SARS-CoV-2 gain access to the 
CNS? Whether SARS-CoV-2 gains entry via 
neurotropism and direct invasion or, rather, 
indirectly through systemic SARS-CoV-2 
infection remains uncertain. In data from 
Wuhan, China, olfactory and gustatory 
dysfunction was reported in 5% of hospital-
ized patients with COVID-19.1 Since then, 
other reports have found that olfactory 
and gustatory dysfunction is common in 
non-severe cases of patients infected with 
SARS-CoV-2 and can be the initial or only 
symptom of COVID-19 disease.4 The cur-
rent study by Chiesa-Estomba et al enrolled 
ambulatory and hospitalized patients with 
confirmed SARS-CoV-2 via nasal PCR or 
serum immunoglobulin G/immunoglobulin 
M.5 Data regarding olfactory dysfunction 
was acquired via completion of survey 
responses. Overall, among the 751 partici-
pants with COVID-19 who completed the 
study, olfactory dysfunction was reported 
in 83%. After a mean follow up of 48 ± 7 
days, 37% reported persistent subjective 
loss of smell, 14% reported partial recovery, 
and 49% reported complete recovery. The 
mean duration of olfactory dysfunction was 
10 ± 6 days among the participants with 
complete olfactory recovery. 

n COMMENTARY
Given the frequency of olfactory dysfunc-
tion in COVID-19, the olfactory epithelium 
has been suggested to represent a gateway 
to the CNS for SARS-CoV-2. Cells of the 
olfactory epithelium express angiotensin 
converting enzyme 2 (ACE2) receptor, 
which may allow for access of SARS-CoV-2 
into the olfactory bulbs and, subsequently, 
the CNS.6 Given the density of SARS-CoV-2 
in the nares (via inhalation of the virus), this 
may explain why olfactory dysfunction is so 
prevalent in patients with COVID-19. n
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ABSTRACT & COMMENTARY

Cranial Neuropathy in 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: Cranial nerves are infrequently involved in typical chronic inflammatory demyelinating 
polyneuropathy, but involvement is more common in multifocal acquired demyelinating sensory and motor 
neuropathy (about 50%). The facial nerve is the most commonly affected cranial nerve, often bilateral. 

SOURCE: Shibuya K, Tsuneyama A, Misawa S, et al. Cranial nerve involvement in typical and atypical chronic 
inflammatory demyelinating polyneuropathies. Eur J Neurol 2020;27:2658-2661.
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Typically, chronic inflammatory demyelinating 
polyneuropathy (CIDP) presents over the course of 

several months, with gradually progressive symptoms of 
a symmetric sensorimotor polyneuropathy, with proxi-
mal and distal motor involvement exceeding sensory 
impairment. 

Several studies have reported tremor as a common 
symptom, with cranial nerve and bulbar involvement 
in 10% to 20% of patients, but the prevalence, charac-
teristics, prognosis, and relations of cranial nerve palsy 
with CIDP subtypes have yet to be defined. A retro-
spective data review of 132 consecutive patients with 
CIDP, seen between 1984 and 2019 at Chiba University 
Hospital, Chiba, Japan, was undertaken to address 
these questions.

All patients had been followed for at least one year 
and fulfilled the European Federation of Neurological 
Societies and Peripheral Nerve Society criteria for defi-
nite or probable CIDP. Patients with multifocal motor 
neuropathy, and those positive for antimyelin- 
associated glycoprotein (anti-MAG) or sulfated gluc-
uronyl paragloboside antibodies were excluded. 

CIDP patients were grouped into subtypes encompass-
ing typical CIDP (n = 89), multifocal acquired demyelin-
ating sensory and motor neuropathy (MADSAM)  
(n = 31), distal acquired demyelinating symmetric 
neuropathy (DADS) (n = 9), and other (n = 3). Cranial 
nerve palsy that developed during the progressive phase 
of CIDP was deemed related to CIDP, but spinal acces-
sory nerve (cranial nerve XI) involvement was excluded 
from evaluation, since the muscles (trapezius and ster-
nocleidomastoid) also are innervated by upper cervical 
spinal nerves. Disability was assessed using the Hughes 
functional grading scale. Statistical analysis encom-
passed Fisher’s exact test and the unpaired t test, with  
P < 0.05 established as the level of statistical significance. 

Cranial nerve palsy was found in only 11% of both 
typical CIDP and DADS but was present in 48% of 
MADSAM patients. None of the three patients with 
other forms of CIDP had cranial neuropathy. Among 

89 patients with typical CIDP, seven had VII nerve palsy 
which was bilateral in all affected, six had bulbar palsy 
with bilateral involvement of cranial nerves IX and X, 
two had bilateral trigeminal neuropathy, and one had 
bilateral III nerve palsy. 

Of 31 patients with MADSAM, five had bulbar palsy 
with involvement of cranial nerves IX and X, of which 
four were bilateral; four had facial palsy, which was 
bilateral in one; three each had a III or VI nerve palsy; 
two each had a V or VIII nerve palsy; and one had 
optic neuropathy. Only a single patient with DADS 
had cranial neuropathy expressed by bulbar palsy with 
bilateral involvement of cranial nerves IX and X. 

Cranial neuropathy recovered well in typical CIDP, 
despite being bilateral, whereas in MADSAM, despite 
being unilateral, cranial neuropathy was relatively 
refractory. Facial and bulbar palsy are the most com-
mon cranial nerve involvement seen in demyelinating 
inflammatory neuropathy, regardless of subtype.

n COMMENTARY
Immune modulation, using intravenous immune 
globulin (IVIG), glucocorticoids, or plasma exchange, 
is the recommended initial therapy for CIDP, the choice 
between equals being influenced by cost, availability, 
venous access, comorbidities, and side effects. 

Often, those treated with IVIG require maintenance 
therapy. Is a higher dose of IVIG, given less frequently, 
better than a lower dose delivered more frequently? 
Among 25 CIDP patients randomized in a placebo-
controlled crossover trial, receiving 20 g to 80 g of IVIG 
in intervals ranging from 14 to 135 days, no benefit 
regarding efficacy or side effect profile was appreciated 
with one regimen over the other.1  n
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ABSTRACT & COMMENTARY

Rapid Eye Movement Sleep Duration  
Is Predictive of Life Expectancy
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: Total sleep duration declines with increasing age, as does the fraction of sleep spent in rapid eye movement (REM) sleep. The 
decline in REM is associated with increasing mortality, but it is not clear if this is a cause or a marker of declining health and declining brain 
function. 

SOURCE: Leary EB, Watson KT, Ancoli-Israel S, et al. Association of rapid eye movement sleep with mortality in middle-aged and older 
adults. JAMA Neurol 2020;77:1241.

Although the precise physiological benefit of  
 sleep remains poorly understood, lack of sleep has 

multiple consequences, including cardiovascular disease, 
depression, impairments in cognition, and overall mor-
tality. Much of sleep research uses subjects’ self-reporting 
of sleep duration and quality, but cannot address details 
such as sleep stages, e.g., differentiating between rapid 
eye movement (REM) and non-REM (NREM) sleep. 
Although wearable technologies (such as Fitbit, Whoop, 
or Apple Watch) increasingly are capable of using accel-
erometry and pulse oximetry monitoring to accurately 
identify sleep stages, polysomnography remains the gold 
standard in quantification of REM and NREM (stages 
1, 2, or 3) sleep. The two large, prospective cohorts 
studied here gathered valuable comprehensive polysom-
nography data and can be considered among the “Fram-
ingham Studies” of sleep research. Now approximately 
20 years old, the Outcomes of Sleep Disorders in Older 
Men (MrOS) and the Wisconsin Sleep Cohort (WSC) 
both are showing a rising degree of mortality over time 
and, therefore, increasingly are capable of providing 
insight into this crucial outcome measure.

There are important differences between MrOS and 
WSC. MrOS enrolled 2,675 subjects, all men, and 
generally older (mean age of 76 years at enrollment 
between 2003 and 2005). Overall, 52% of the MrOS 
cohort has died. In contrast, WSC, with a total of 1,386 
subjects, enrolled men and women roughly equally and 
had a mean age of 51 years at enrollment in 1998. Both 
studies showed a relationship between REM sleep and 
longevity. MrOS showed a 13% increase in mortality 
for every 5% reduction in REM sleep. Men achieving  
< 15% REM sleep showed a mortality hazard ratio 
(HR) of 1.35 compared to those who spent > 15% 
of their sleep in REM. WSC had a longer period of 
follow up (on average, 20 years compared to 12 years 
in MrOS), but overall mortality was only 13%, given 
that it studied younger patients. WSC showed a 1.17 
HR of death among those with < 15% of the night in 
REM sleep. Additionally, both studies showed that the 

mortality benefit was specifically the result of REM 
duration rather than overall sleep quantity. Results were 
comparable whether subjects slept for shorter (five- to 
seven-hour) compared to longer (six- to eight-hour) 
periods. REM duration ranged from 0% to 44% (19% 
on average) in MrOS and 0% to 43% (18% on average) 
in WSC. All of these data were statistically significant, 
controlling for covariables, such as race/ethnicity, edu-
cational level, body mass index, hypertension, smoking 
status, alcohol, caffeine, and use of sleep aids.

n COMMENTARY
The results reported here were similarly shown in the 
Sleep Heart Health Study (SHHS), a large cohort study 
of 6,600 subjects with obstructive sleep apnea (OSA).1 
However, in SHHS, the benefit of REM sleep was found 
only in women, likely because of the overwhelmingly 
deleterious effect of OSA among male subjects. Other 
studies of REM vs. NREM sleep have cast doubt on the 
specificity of REM as a marker of effective sleep. Al-
though some have shown benefits of REM for cognitive 
performance and mood, others suggest that total sleep 
time, or quantity of slow wave (stage 3) sleep rather 
than REM, seemed more favorable in the prevention of 
obesity and the metabolic syndrome. As the authors ob-
served, the results reported here are generalizable, given 
that they were replicated in two well-validated cohorts, 
diverse in gender and age. They also pointed out obvious 
weaknesses, including that both studies were more than 
90% of white ethnicity. The authors also acknowledged 
one of the thorniest issues in this type of sleep research 
— that is, reverse causality. It remains unknown whether 
REM sleep is merely a marker of brain and overall phys-
ical health, rather than a direct cause of longevity.  n
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ABSTRACT & COMMENTARY

Rhabdomyolysis Etiology
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: Rhabdomyolysis can be a life-threatening condition that often triggers a neurology consultation during an investigation for 
cause. However, in this recent study, the majority of cases (79%) were triggered by external, non-neuromuscular causes, and the others, 
although suspicious for an intrinsic muscular or genetic cause, rarely had a specific diagnosis confirmed. 

SOURCE: Kruijt N, van den Bersselaar LR, Kamsteeg EJ, et al. The etiology of rhabdomyolysis: An interaction between genetic 
susceptibility and external triggers. Euro J Neurol 2020; Sep 25. doi:10.1111/ene.14553. [Online ahead of print].

Muscle pain, weakness, and dark urine comprise the 
triad of symptoms of rhabdomyolysis, a medi-

cal emergency characterized by muscle necrosis and 
the release of intracellular muscle components into the 
circulation, including creatine kinase (CK), aldolase, 
myoglobin, lactic dehydrogenase, and electrolytes. 
Patients may be asymptomatic, demonstrating only 
elevations in serum muscle enzymes, or may experience 
life-threatening disease, including acute kidney injury 
and renal failure. External environmental triggers are 
central to initiating rhabdomyolysis and predisposing 
genetic factors may increase susceptibility. What are 
these triggers and genetic factors?

A retrospective review of all patients admitted to the 
Radboud University Medical Center, Nijmegen, The 
Netherlands, between January 2014 and January 2019 
was undertaken. Inclusion criteria for study selection 
required a discharge diagnosis of rhabdomyolysis, and 
a CK > 2,000 IU/L, since a normal CK may run as high 
as 1,001 IU/L. Patients referred to the neurology depart-
ment for evaluation of rhabdomyolysis, following prior 
hospitalization, also were included. For primary trigger 
analysis, presumed triggers were divided into neuro-
muscular and non-neuromuscular causes, with the latter 
further subdivided into ischemic, traumatic, long-lie (on 
the ground for more than an hour post-fall), endocrine, 
convulsions, post-operative, acquired myopathic, and 
other. Patients were considered to have a presumed neu-
romuscular disorder if they had muscular dystrophy; 
congenital, metabolic, mitochondrial or other inherited 
myopathy; neuroleptic malignant syndrome; serotonin 
syndrome; or heat-related illness (heat stroke, heat 
exhaustion, or heat cramps). 

In a secondary analysis, the investigators extracted 
data regarding genetic testing, including whole-exome 
sequencing, and for genes in which variants were found, 
comparing them to genes previously reported as associ-
ated with rhabdomyolysis. Statistical analysis included 
the chi-squared test, Fisher’s exact test, and the Mann–
Whitney U-test.

Among 1,302 patient records selected, 934 (72%) were 
men, 368 (28%) were women, median age was 53 years 
(range 0 to 98 years), and median peak CK was 4,423. 
Men predominated in all categories except for the long-
lie group. Non-neuromuscular causes were responsible 
in 1,025 (79%) patients, most commonly resulting from 
ischemia/anoxia (42%), followed by trauma (20%). 
Genetic susceptibility was proven, or neuromuscular 
condition suspected, in 277 (21%) patients. Recurrent 
episodes of rhabdomyolysis, positive family history, and 
a 50-fold increase or persistently elevated levels of CK 
raised the possibility of genetic susceptibility. Among 
those 277 patients, 193 were so identified, in which 72 
(37%) were found to have an unequivocal genetic defect 
among 22 genes, including 56 variants, that explained 
the increased susceptibility to rhabdomyolysis. With in-
creasing use of next-generation sequencing, it is expected 
that more genetic defects will be uncovered in the future 
as being relevant to rhabdomyolysis susceptibility.

n COMMENTARY
Acute renal failure is a characteristic accompaniment 
of severe rhabdomyolysis, yet its mechanism of injury 
remains unclear. Renal tubules and vessels from patients 
and mice with rhabdomyolysis and acute kidney injury 
were examined to determine if complement activa-
tion played a role. Activation of the lectin complement 
pathway was found, while the alternative pathway 
was activated by myoglobin-derived heme, indicating a 
double-trigger mechanism for complement activation, 
via both the lectin and alternative pathways. Kidney 
function was preserved in C3 knock-out mice, support-
ing a direct pathological role for complement in renal 
failure associated with rhabdomyolysis. Heme and com-
plement play a direct role in rhabdomyolysis-induced 
acute kidney injury.1  n
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Stroke Alert
By Matthew E. Fink, MD

 

Medical Therapy vs. Carotid  
Endarterectomy 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 Neurology 2020;77:1110-1121.

It has been more than 25 years since patients who had 
asymptomatic carotid artery stenosis were studied 

and followed. Since the pivotal trials demonstrating the 
benefit of endarterectomy vs. medical therapy many 
years ago,1,2 there has been significant improvement 
in the risk factors for atherosclerosis, including better 
treatment of blood pressure and diabetes, as well as 
improved antiplatelet medication regimens and high-
potency statins. 

In this real-world comparative effectiveness study, data 
were mined from several large databases of prospec-
tively collected information on patients followed by 
the Department of Veterans Affairs (VA). This included 
both VA records data as well as Medicare data. This 
study was conducted from 2018-2020, and the data 
were analyzed of those veterans aged 65 years or older 
who had carotid imaging between Jan. 1, 2005, and 
Dec. 31, 2009. 

Patients who had carotid stenosis of 50% or greater 
and were treated with medical therapy or carotid endar-
terectomy were followed for five years. Survival curves 
were computed to estimate the risk of fatal and nonfatal 
strokes in each cohort, and outcomes were calculated 
for each group and compared. The sample then was 
restricted to patients who would meet criteria for a ran-
domized controlled trial and compared once again.

Of 5,221 patients, 51.9% underwent carotid endar-
terectomy (mean age 73.6 years, 98.8% were men) 
and 48.1% received initial medical therapy (mean age 
73.6 years, 98.8% men). In the group that underwent 
carotid endarterectomy, the 30-day, perioperative rate 
of stroke or death was 2.5%. Overall, the five-year risk 
of fatal and nonfatal strokes was lower in the patients 
randomized to carotid endarterectomy compared with 
patients randomized to medical therapy (5.6% vs. 
7.8%). However, when incorporating the risk of death, 
the risk difference between the two cohorts after five 
years was not significantly different, primarily because 

of the upfront risk of perioperative stroke and death in 
the group that underwent carotid endarterectomy. The 
absolute risk reduction of endarterectomy was less than 
half of what was reported in studies from the 1990s — 
0.46% per year, with number needed to treat of 43 to 
reduce one stroke over five years. This lack of difference 
is attributed to improved medical therapy. 

At the present time, the benefit of carotid endarter-
ectomy in asymptomatic patients with carotid artery 
stenosis ≥ 50% is questionable, and most patients will 
benefit from medical treatment.  n
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Ticagrelor, a New Antiplatelet Agent, 
Shows Promise in Secondary Prevention 
of Ischemic Stroke

SOURCE: Amerenco P, Denison H, Evans SR, et al. Ticagrelor added to 
aspirin in acute nonsevere ischemic stroke or transient ischemic attack of 
atherosclerotic origin. Stroke 2020;51:3504-3513.

Ticagrelor is an antiplatelet agent that works by 
reversibly binding to P2Y12 adenosine diphosphate 

receptors on platelets, similar to the mechanism of ac-
tion of clopidogrel. However, it is a direct-acting drug, 
and not a pro-drug, and does not need to be enzymati-
cally converted to be active, like clopidogrel. Therefore, 
it is expected to be effective across a wider population 
than clopidogrel. 

In this double-blind study in patients with non- 
cardioembolic, non-severe ischemic stroke or transient 
ischemic attack (TIA), patients were randomized to 
receive ticagrelor with aspirin or placebo plus aspirin. In 
the ticagrelor group, patients received 180-mg loading 
dose on the first day followed by 90 mg twice daily for 
30 days. The initial dose of aspirin was 300 mg to  
325 mg on day 1 followed by 75 mg to 100 mg per day 
for 30 days. Treatment was started within 24 hours 
of symptom onset. The prespecified analysis evaluated 
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stroke recurrence or death within 30 days. The groups 
were divided into those who had atherosclerosis of the 
appropriate carotid artery of at least 30% and those 
who had no significant atherosclerosis.

A total of 11,016 patients were randomized, and 
21.3% of them had ipsilateral atherosclerotic stenosis. 
After 30 days, the primary endpoint of stroke or death 
occurred in 8.1% of patients with ipsilateral stenosis 
randomized to ticagrelor, and in 10.9% randomized to 
placebo (hazard ratio [HR], 0.73; P = 0.023). 

In patients without ipsilateral stenosis, the primary 
event rate was 4.8% with ticagrelor and 5.4% with 
placebo, a nonsignificant difference. Severe bleeding oc-
curred in 0.4% of patients with atherosclerosis treated 
with ticagrelor and 0.2% of patients with atherosclero-
sis treated with placebo. However, in the nonatheroscle-
rotic patients, severe bleeding occurred in 0.5% of the 
ticagrelor patients and in 0.1% of the control group, a 
significant difference (HR, 5.87; P = 0.001).

In patients with ipsilateral atherosclerosis and non-
severe stroke or TIA, the combination of ticagrelor with 
aspirin appears to result in a lower rate of recurrent 
stroke or death at 30 days, compared to patients treated 
with aspirin alone. 

However, this is viewed as an exploratory analysis, and 
a larger Phase III trial is necessary for confirmation. A 
head-to-head trial with aspirin/clopidogrel would be in-
formative as well. There is a significantly increased risk 
of severe bleeding with the use of ticagrelor and aspirin 
in combination.  n 

A Mobile Interventional Stroke Team 
(MIST) Shows Promise in Performing 
Rapid Thrombectomy

SOURCE: Morey JR, Oxley TJ, Wei D, et al. Mobile interventional stroke 
team model improves early outcomes in large vessel occlusion stroke: The 
NYC MIST trial. Stroke 2020;51:3495-3503.

Since 2015, when multiple international trials were 
reported showing clear benefit for mechanical 

thrombectomy in patients with large vessel occlusions, 
this treatment has been the standard of care. However, 
the speed of treatment remains paramount for good 
outcomes, and different models have been developed 
around the world in different geographic settings. In 
some areas, patients are brought to a comprehensive 
stroke center immediately, but this may result in in-
creased travel time in an ambulance and delay of treat-
ment. Other regions use the drip-and-ship model, and 
still others use mobile stroke units for treatment with 
intravenous thrombolysis in the field, and then delivery 
to a comprehensive stroke center. 

The Mount Sinai team in New York City has devel-
oped a mobile/roving team of interventionalists — the 
mobile interventional stroke team (MIST) — that 
rapidly travels to a thrombectomy-capable stroke center 
within their system to perform endovascular therapy 
when it is indicated. In this prospective observational 
study with three months of follow-up, performed 
between 2016 and 2018, the investigators evaluated 
time-to-treatment using various models of triage in their 
multicenter health system that has one comprehensive 
stroke center, four thrombectomy-capable centers, and 
several primary stroke centers. This was not a prospec-
tive, randomized trial, and there are many confounding 
variables that may have influenced the results.

The investigators compared four types of triage: 1) 
direct delivery to the comprehensive center; 2) drip-and-
ship from the primary stroke center to the comprehen-
sive stroke center; 3) MIST travel to a thrombectomy-
capable center; or 4) a combination of drip-and-ship 
with patient transfer to a thrombectomy-capable center 
with MIST arrival. The primary prespecified endpoint 
of the study was initial door-to-recanalization time and 
secondary endpoints measured clinical outcomes at 
discharge and at three months.

Of 373 patients, 228 who received endovascular 
therapy were included in this analysis. Treatment by 
MIST had a faster door-to-recanalization time than the 
drip-and-ship model by a mean time of 83 minutes  
(P < 0.01). Time-to-recanalization was similar between 
the MIST triage approach and direct delivery to the 
comprehensive stroke center: 192 minutes vs. 179 
minutes, respectively. In comparing clinical outcome 
and recovery, patients treated by the MIST triage model 
had a higher proportion of patients with complete 
recovery (National Institutes of Health Stroke Score 
0-1) compared to those patients who were treated with 
the drip-and-ship model (37.9% vs. 16.7%, P < 0.01). 
Of the patients treated by MIST, 52.8% had a modified 
Rankin scale ≤ 2 at three months compared to 38.9% 
of patients treated by the drip-and-ship model. 

The mobile interventional stroke team model shows 
great promise in rapid endovascular thrombectomy, but 
as an observational study, there are many confound-
ing factors that may have influenced the outcomes and 
caused selection biases. And different geographies, 
such as a dense urban population vs. suburban or rural 
populations, may require different triage models for 
optimal outcomes.  n
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CME QUESTIONS

CME OBJECTIVES
Upon completion of this educational activity, participants should be able to:
• discuss current scientific data regarding the diagnosis and treatment of neurological disease;
• discuss the pathogenesis and treatment of pain;
• describe the basic science of brain function;
• discuss new information regarding new drugs for commonly diagnosed neurological conditions and new uses 

for traditional drugs;
• identify nonclinical issues of importance for the neurologist.

1.  A 42-year-old woman develops the inability 
to smell. She is afebrile and without 
other symptoms. She is evaluated by an 
otorhinolaryngologist and found to be positive 
for SARS-CoV-2. What is her prognosis? 
a. Her sense of smell should improve or 
resolve in the ensuing months. 
b. Her sense of smell is unlikely to improve 
or resolve in the ensuing months.
c. She likely will develop a stroke in the 
ensuing months.
d. She likely will develop other cranial 
neuropathies in the ensuing months.

2.  Which of the following are the most common 
cranial nerve functions affected in chronic 
inflammatory demyelinating polyneuropathy?
a. Facial and bulbar palsy 
b. Facial palsy and hearing loss
c. Facial palsy and facial numbness
d. Oculomotor palsies

3.  Which of the following statements about rapid 
eye movement (REM) sleep is true?
a. REM sleep duration has no physical 
consequences.
b. Sleep apnea does not alter REM sleep 
duration.
c. Reduction in REM duration is associated 
with increased mortality.  
d. REM sleep does not occur in older people 
> age 65 years.

4.  Which of the following statements about 
rhabdomyolysis is false? 
a. Trauma may be a cause for 
rhabdomyolysis.
b. Statins may play a role in rhabdomyolysis.
c. Genetic factors play no role in 
rhabdomyolysis. 
d. Anoxia may trigger rhabdomyolysis.

5.  In patients with asymptomatic carotid artery 
stenosis, carotid endarterectomy is definitively 
better than medical therapy in preventing 
recurrent stroke or death. 
a. True
b. False 

6.  Endovascular thrombectomy is the treatment 
of choice for patients with acute ischemic 
stroke from large vessel occulsion. 
a. True 
b. False

7.  Dual antiplatelet therapy with aspirin plus 
ticagrelor has been shown to be better than 
aspirin plus clopidogrel. 
a. True
b. False 
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3. Pass the online test with a score of 100%; you will be allowed to answer the questions as many 
times as needed to achieve a score of 100%. 
4. After successfully completing the test, your browser will be directed automatically to the activity 
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