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ABSTRACT & COMMENTARY

REM Behavior Disorder —  
A Unique Window into the Mysteries  
of Neurodegenerative Disease
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: REM behavior disorder may precede α-synucleinopathies by decades and may be a biomarker of future disease. 

SOURCE: Mayer G, et al. Ictal SPECT in patients with rapid eye movement sleep behaviour disorder. Brain 2015;138:1263-1270.

Rapid eye movement (REM) sleep is a fascinating 
combination of an active dreaming brain along 
with typically complete muscle paralysis. When 

REM sleep occurs without appropriate muscle atonia 
(RSWA), the physical enactment of dreams (known as 
REM behavior disorder or RBD) becomes possible. 
RBD is a known precursor of neurodegenerative 
disease, in particular the α-synucleinopathies — 
Parkinson’s disease (PD), dementia with Lewy Bodies, 
or multiple system atrophy (MSA). The occurrence 
of such disorders may occur in up to 90% of RBD 
patients, often delayed by decades after the initial RBD 
symptoms. During polysomnography, patients with no 
clinical history of RBD may show muscle activity during 

REM (RSWA), but it is unknown whether this isolated 
laboratory finding is clinically relevant. RSWA is likely 
a necessary but not sufficient component of RBD-
associated neurodegeneration.

The neuroanatomical basis of RBD is not completely 
understood but is thought to relate to a failure of the 
sublaterodorsal (SLD) and pedunculopontine (PPN) 
nuclei in the tegmentum of the pons. In normal REM 
sleep, the SLD-PPN nuclei have excitatory glutaminergic 
input on inhibitory interneurons that project to and 
downregulate anterior horn cells in the spinal cord. In 
normal REM sleep, which closely resembles the wake-
state on EEG, there is activation of alerting neurons in 
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periaqueductal gray matter (PAG-adrenergic) 
and locus ceruleus (LC-serotonergic). REM 
atonia is produced because the PAG-LC 
upregulates the SLD-PPN. This pathway fails 
in RBD. Animal models of RBD confirm 
this anatomy, as bilateral lesions of the LC 
facilitate muscle activity in REM. 

Narcolepsy is well-known as a disorder 
of daytime sleepiness, but nocturnal sleep 
disturbances in narcolepsy are many. 
Although seemingly unrelated to the 
basal ganglia, movement disorders in 
narcoleptic sleep, ranging from excessive 
periodic limb movements (PLMs) to full-
blown RBD, are present in at least 50% 
of patients. Furthermore, it is possible that 
narcolepsy may not be merely a deficiency 
of hypothalamic hypocretin neurons, but 
rather a more widespread neurodegenerative 
process. Narcolepsy studies using diffusion 
tensor imaging (DTI) have shown 
microstructural changes extending through 
the mesencephalon (particularly in the 
substantia nigra), pons, and medulla. Parallels 
between narcolepsy and PD have been drawn 
clinically, as both may be accompanied by 
impaired smell (hyposmia) and depression. 
Of note, PLMs and RBD are also more 
common among patients with depression, 
particularly those treated with SSRIs. These 
medications suppress REM, but are known 
contributors to PLMs and RBD. It is also 
increasingly apparent that it may not be the 
SSRIs, but rather the depression itself that 
results in these movement disorders.

Parkinson’s is a disorder that has been 
typically referred to as “state dependent,” 
particularly due to the common observation 
that the findings of PD (tremor in particular) 
disappear during sleep. Interestingly, when 
PD patients exhibit movements in their 
dreams, they do not have the typical jerky 
quality of their daytime activity. Instead, 
patients with daytime hypophonia may 
scream loudly, and those with profound 
bradykinesia may kick or punch violently. 
This phenomenon is not thought to be 
related to dopamine, since even non-
dopamine responsive patients, such as 
those with MSA, in which the fundamental 
problem is degenerative and not chemical, 
exhibit this phenomenon.

In the present study, the authors studied only 
four patients — all with known RBD. Two 
had concomitant narcolepsy, one had PD, 

and the last had isolated RBD only. Although 
the numbers are small, impressively, these 
investigators were able to carry out a 
protocol in which they diagnosed RBD in 
the sleep lab and then rapidly imaged the 
patients to capture ictal abnormalities. It 
was required that each subject demonstrate 
5 minutes of REM sleep, with 5 minutes 
of complex REM behaviors. Technetium 
(Tc-99) was injected within 15 minutes 
(with persistence of violent movements in all 
cases) and imaging was performed within 
30 minutes. Each patient showed precisely 
the same SPECT activation pattern. This 
included activation of the bilateral premotor 
areas, the interhemispheric cleft, the 
periaqueductal area, the dorsal and ventral 
pons, and the anterior lobe of the cerebellum.

This pattern, which “bypassed the basal 
ganglia,” was found to be in stark contrast 
to typical SPECT patterns seen in normal, 
awake subjects, which show bilateral basal 
ganglia activation. This bypass pattern 
was perhaps more similar to that seen in 
awake PD patients, which consistently 
show decreased basal ganglia activation. 
Technetium SPECT scan data are limited in 
PD patients, who have been most actively 
studied using 18-fluorodopa PET or [123I]-
FP-CIT SPECT (DAT scans), which can be 
diagnostic for the disease even in its earliest 
stages.

n COMMENTARY
This work provides unique insight into 
a large spectrum of disorders, from 
asymptomatic RSWA to RBD, narcolepsy, 
PD, and a wider variety of α-synuclein-
related neurodegenerative disorders. It is 
unique in its documentation of otherwise 
unknown ictal patterns of RBD, but raises 
many more questions than it answers. What 
would the test subjects show if studied 
following similar movements in the wake 
state? What might PD or healthy controls 
who lack RBD demonstrate if studied 
in REM using the same paradigm? Why 
does RBD predict PD as well as other 
degenerative disorders such as MSA, with 
markedly different neuroanatomy? As with 
any predictor of a neurodegenerative process, 
most prominently MCI in Alzheimer’s 
disease, any technique that can predict 
disease onset will be even more important 
when neuroprotective treatments to prevent 
disease or slow deterioration are successfully 
developed.   n
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ABSTRACT & COMMENTARY

Linking Traumatic Brain Injury and Parkinson’s 
Disease: The Evidence Builds 
By Claire Henchcliffe, MD
Associate Professor of Neurology and Neuroscience, Weill Cornell Medical College

Dr. Henchcliffe reports she is on the speakers bureau and advisory board for GE, Teva Pharmaceutical Industries, and 
UCB; advisory board for Allergan and USWorldmeds; receives grant/research support from Biogen and Kaneka; and does 
CME program development and presentation for MedIQ.

SYNOPSIS: A retrospective study based on an administrative database compared more than 50,000 admissions with traumatic brain injury 
(TBI) with more than 100,000 admissions for other traumatic injury, and found that TBI in individuals older than 55 years of age led to a 
44% increased risk of developing Parkinson’s disease in the ensuing 5-7 years. 

SOURCE: Gardner RC, et al. Traumatic brain injury in later life increases risk for Parkinson disease. Ann Neurol 2015; DOI: 10.1002/
ana.24396 [Epub ahead of print].

This retrospective study used administrative health 
data that incorporates all inpatient and emergency 

department discharge diagnoses for participating 
states, thus allowing comparison of extremely large 
patient cohorts. The study focused on individuals at 
least 55 years old, and identified 52,393 individuals 
with a diagnosis of traumatic brain injury (TBI) seen 
from 2005-2006 in California hospitals, either in the 
emergency department or as inpatients. These were 
compared with 113,406 individuals who had fractures 
from trauma but no TBI (non-TBI trauma, or NTT) seen 
in the same healthcare system and over an identical time 
period. Diagnoses were all based upon ICD9-CM codes, 
allowing separation of TBI into mild vs moderate-severe 
groups, and NTT cases were identified on the basis of 
ICD9 codes for fractures, but excluding head and neck. 
The outcome measure of interest was development 
of Parkinson’s disease (PD) after trauma as identified 
by ICD9 codes at any emergency or inpatient visit up 
to 2011. Those with PD or dementia at the time of 
initial injury were excluded from this analysis. Patients 
included in the analysis had a mean age of 73.4 ± 11.1 
years vs 70.9 ± 10.9 years for the NTT group. Women 
accounted for notably more in the NTT than TBI group 
(69% vs 57%, respectively). The majority of traumatic 
injuries were due to falls (approximately 66%) followed 
by motor vehicle accidents. TBI patients also had more 
comorbidities and higher injury severity scores. A total 
of 2126 PD cases were identified in follow up. TBI was 
found to be associated with a 44% increased risk of PD 
up to 5-7 years after injury, with 1.7% TBI vs 1.1% NTT 
cases developing (P < 0.001). Moreover, when diagnosed, 
PD occurred slightly earlier in the TBI vs NTT cases (3.1 
years vs 3.4 years). Moreover, within the TBI group, 
when comparing severity, the risk of developing PD 
increased approximately two-fold in moderate-severe TBI 
patients vs mild TBI patients during the follow-up period. 

n COMMENTARY
Several studies have implicated TBI as a risk factor for 
PD, but the literature has been fraught with contradictory 
evidence. One particular criticism leveled at these studies 
has been that in older adulthood, when many instances 
of trauma are due to falls, an association might result 
from trauma as a result of falls from unrecognized 
PD (that is, reverse causation). The strength of this 
retrospective study is to compare PD diagnosis between 
TBI and other types of trauma typically associated with 
falls. The study design incorporated further safeguards, 
such as including TBI severity in an effort to test for a 
“dose-response.” Moreover, the analysis excluded those 
with PD diagnosed shortly after their traumatic injury, as 
that could have indicated early PD unrecognized at the 
time of the initial trauma. Therefore, the study supports 
a link between TBI and subsequent PD diagnosis, and, 
as the authors state, this is supported by a recent meta-
analysis of 22 studies finding a pooled odds ratio of 1.57 
for PD after TBI.1 

Weaknesses inherent to the study design include use 
of ICD9 coding in ascertaining diagnoses, and a lack 
of data for these same patients in outpatient settings, 
leading to the possibility of missing PD diagnoses. 
Nonetheless, it is intriguing to speculate on the nature 
of the association. One theory is that TBI may trigger a 
progressive neurodegenerative process. This is supported 
by animal studies, and α-synuclein deposition has been 
linked to prior TBI in multiple studies. In an era of 
increasing recognition of the far-reaching effects of TBI, 
whether from combat, sports, or accidental injury, this is 
therefore an important study linking TBI to a disabling 
neurodegenerative disease.   n

REFERENCES
1. Jafari S, et al. Head injury and risk of Parkinson disease: A system-

atic review and meta-analysis. Mov Disord 2013;28:1222-1229.
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ABSTRACT & COMMENTARY

Repetitive Transcranial Magnetic Stimulation 
for Treatment of Parkinson’s Disease
By Douglas Labar, MD, PhD
Professor of Neurology, Weill Cornell Medical College

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

SYNOPSIS: In several randomized, sham-controlled trials, repetitive transcranial magnetic stimulation was shown to be effective in reducing 
the motor manifestations of Parkinson’s disease, with minimal side effects. 

SOURCE: Chou Y, et al. Effects of repetitive transcranial magnetic stimulation on motor symptoms in Parkinson’s disease. A systematic 
review and meta-analysis. JAMA Neurol 2015;72:432-440.

Parkinson’s disease (PD) prevalence is increasing with 
our aging population. Medical therapy typically 

is beneficial, but side effects, such as dyskinesias, may 
develop, and medication efficacy may be lost. Deep brain 
stimulation (DBS) may help, but there are associated 
brain surgery risks. Increasingly, recent attention has been 
directed toward non-invasive brain stimulation as an 
alternative treatment. This includes repetitive transcranial 
magnetic stimulation (rTMS).

Chou et al carried out a meta-analysis of studies on 
rTMS for PD. Trials were considered for inclusion if 
there was a population of idiopathic PD, if there was 
a sham control, and if the Unified Parkinson’s Disease 
Rating Scale-III (UPDRS-III) motor score was reported 
as an outcome measure. Furthermore, adequate data on 
medication states during assessment, timing of outcome 
measures, and rTMS protocol details (such as stimulation 
site) were required. A multiple database search on the 
terms “Parkinson’s disease” and “repetitive transcranial 
stimulation” or “rTMS” or “repetitive TMS” retrieved 
2203 studies, of which 20 studies met all inclusion 
criteria. In total, 470 participants were included in the 
meta-analysis.

The mean improvement on the UPDRS-III was -6.42; 
there was a medium effect size favoring active over 
sham treatments. Motor outcomes from high-frequency 
stimulation applied over primary motor cortex (M1), 
and low-frequency stimulation applied over other frontal 
areas, were superior to sham. In contrast, low-frequency 
stimulation applied over M1, and high-frequency 
stimulation applied over other frontal areas, did not 
change motor function significantly.

There was no difference between motor outcomes 
measured up to 1 day after rTMS vs measured 1-12 
weeks after rTMS. A greater number of rTMS pulses 
was a predictor of a greater effect. Adverse events were 
extremely rare and none were serious. For example, 
Shirota et al was cited as reporting only headaches in 

2/102 subjects.1 Similarly, in a separate review on safety 
and tolerability or rTMS in 1137 PD patients, VonLoh et 
al noted adverse events in 4%, and none were serious.2

Thus, rTMS may represent an effective and safe non-
medical, non-surgical treatment for motor symptoms 
in PD. However, a practical matter not assessed in 
the reviewed studies was patient compliance. With 
medications and DBS, after the initial prescription or 
surgery, by default PD patients are on “continuing 
therapy” at home. In contrast, with rTMS, the patients 
must come to the doctor’s office or hospital for every 
therapy session (although after a course of treatments, 
improvements may last months, as noted above). 

n COMMENTARY
The number of rTMS visits optimal for a PD response 
is yet to be determined. But as a point of reference, for 
treating depression with rTMS (the only U.S. FDA-
cleared indication), a common schedule is daily therapy 
for each working day for 6 weeks.3 As an alternative, 
might patients self-deliver rTMS at home to improve 
accessibility, convenience, and compliance? While an 
at-home technology for PD seems unlikely in the near 
future, there are developments in this area.

Self-administered single-pulse TMS for migraine with 
aura has been shown to reduce pain more than sham 
stimulation,4 with no discernible evidence of harm to 
humans.5 A single-pulse TMS system (Spring TMS, 
eNeura, USA) now is FDA-cleared for migraine patient 
home use. No home rTMS devices are available.

A different helmet-shaped device with seven distributed 
magnetic coils to induce low-level pulsed electromagnetic 
fields (PEMF) in the brain also is under development 
(Re5 ApS, Denmark). The applied magnetic fields are 
orders of magnitude less than rTMS. Among many other 
reported tissue changes, PEMF recently have been said to 
induce neurite outgrowth in a dopaminergic cell culture 
line.6 A clinical trial of transcranial PEMF (T-PEMF) 
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for PD is underway (ClinicalTrials.gov Identifier 
NCT02125032; Odense University Hospital, Funen, 
Denmark). Patients receive 30 minutes per day of active 
or sham T-PEMF daily for 8 weeks. A change in UPDRS 
from baseline is the primary outcome measure. Thus, 
direct comparisons of these T-PEMF results with the 
rTMS results reviewed in the Chou et al meta-analysis 
will be possible, and will be of considerable interest.   n

REFERENCES
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ABSTRACT & COMMENTARY

Non-Ischemic Forearm Exercise Testing  
for McArdle’s Disease 
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: Traditionally, the ischemic forearm exercise test has been used to help in the diagnosis of glycogen storage diseases of muscle, 
but this test is fraught with dangerous complications. A non-ischemic forearm test has been proven to be highly sensitive and specific, with 
minimal side effects, and should replace the traditional test. 

SOURCE: Hogrel JY, et al. Diagnostic power of the non-ischaemic forearm exercise test in detecting glycogenosis type V. Eur J Neurol 
2015;22;933-940.

When McArdle’s disease (glycogen storage disease 
type V, myophosphorylase deficiency) is suspected, 

diagnostic evaluation begins with ischemic forearm 
exercise testing, which, if showing a flat venous lactate 
curve, is followed by genetic analysis. Serum lactate, 
pyruvate, creatine kinase, and ammonia are measured 
at rest, and then, with the blood pressure cuff inflated 
to just over diastolic pressure, they are repeated after 
1 minute of one-per-second hand grips, performed at 
75% of maximum effort, with venous blood drawn at 
1, 2, 3, 5, and 10 minutes after exercise. If muscle pain 
or an acute cramp develops, as it often does, the cuff 
is deflated and the test stopped. Given the risk of focal 
rhabdomyolysis, myoglobinuria, or acute compartment 
syndrome, caution is required, and testing should never 
be performed under completely ischemic conditions. 
When performed without a blood pressure cuff, under 
non-ischemic conditions, it is stated that results are less 
specific and sensitive. Is this statement true?

Over 15 years, spanning 1999-2013, 1226 patients were 
referred to the Institute of Myology, Pitie-Salpetriere 
Hospital, Paris, France, for evaluation of muscle 
complaints, including exercise intolerance, lifelong 
myalgias, episodic myoglobinuria, painful muscle 
swelling, and elevated creatine kinase. All underwent 
non-ischemic forearm exercise testing, followed by 
muscle biopsy and/or genetic testing to confirm diagnosis, 

with McArdle’s disease diagnosed in 40 patients. Sixty 
healthy volunteers served as controls. Non-ischemic 
forearm testing was performed by sustaining 70% of 
maximum voluntary contraction for 30 seconds, with 
three blood samples drawn prior to exercise and six 
following exercise, at 1, 2, 3, 4, 6, and 10 minutes. 
Maximum voluntary contraction was determined as 
the strongest of three brief grip contractions. Lactate, 
ammonia, and creatine kinase were measured, and 
statistical analysis comprised the Mann-Whitney and 
Wilcoxon tests, with P < 0.05 considered statistically 
significant. 

Among the 40 McArdle’s disease patients, 38 confirmed 
by genetic analysis of the PYGM gene, 21 were male 
and 19 female, ages 8-72 years, with 90% presenting as 
childhood-onset exercise intolerance and myalgias. All 
had prior elevation (above 500 IU/l) of creatine kinase, 
half experienced at least one episode of myoglobinuria, 
four reported painful muscle swelling with dark urine, 
and 93% noted a second wind phenomenon. Non-
ischemic forearm exercise testing revealed a sensitivity 
and specificity of 100% and 99.7%, respectively. Lactate 
values at rest did not differ significantly from controls, 
but lactate peak levels were abnormally low in 95% 
following exercise. Ammonia at rest, ammonia peak after 
exercise, and the ratio between ammonia and lactate 
production were significantly higher in patients compared 
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to controls. Creatine kinase values did not significantly 
rise following testing. Non-ischemic forearm exercise 
testing is safe, sensitive, and specific, and may preclude 
the need for muscle biopsy in McArdle’s disease, as 
follow-up gene analysis allows for the detection of most 
PYGM mutations. 

n COMMENTARY
With prevalence estimated at 1:100,000 in European-
descended Americans, or perhaps even 1:50,000 based 
on next-generation sequencing data, McArdle’s disease 
is one of the most common glycogen storage disorders. 

Diagnosis is often confirmed by identification of 
pathogenic variants in the PYGM gene that encodes the 
myophosphorylase protein, and, if results are unclear, by 
muscle biopsy with measurement of myophosphorylase 
enzyme activity. Recent findings suggest that analysis of 
myophosphorylase expression in T lymphocytes may also 
offer a useful and less-invasive test for diagnosis.1   n

REFERENCE
1. de Luna N, et al. PYGM expression analysis in white blood cells: 

A complementary tool for diagnosing McArdle disease? Neuro-
muscul Disor 2014;24:1079-1086.

ABSTRACT & COMMENTARY

Cognitive Function in Creutzfeldt-Jakob 
Disease
By Joseph E. Safdieh, MD
Associate Professor of Neurology, Weill Cornell Medical College

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

SYNOPSIS: The cognitive dysfunction profile in CJD impairs executive function, expressive speech, and parietal function more than 
memory functions. 

SOURCE: Caine D, et al. The cognitive profile of prion disease: A prospective clinical and imaging study: Ann Clin Transl Neurol 2015. DOI 
10.1002/acn3.195.

Of the many causes of “rapidly progressive 
dementia,” Creutzfeldt-Jakob disease (CJD) is 

the most serious, as there are no established therapies. 
The disease tends to progress over the course of weeks 
to months and by the end-stages all patients suffer 
from a significant dementia. Traditionally, formal 
neuropsychological testing has been challenging to 
administer in CJD due to the rapidly progressive 
nature of the disease. Many patients are too impaired 
to participate in detailed standardized batteries of 
neuropsychological tests by the time the diagnosis is 
being considered. Although many studies focus on 
the multiple neurologic signs and symptoms of CJD, 
limited data exist about what, if any, specific pattern 
of neuropsychological deficits may be present in CJD 
that might support the diagnosis at an earlier time. 
Traditionally, the cognitive dysfunction in CJD has been 
considered to be “generalized” but that finding may be 
an artifact of testing patients too late in the course of the 
illness. 

In this very detailed study, the authors attempted to 
perform the first large-scale neuropsychological testing 
profile of patients with CJD. The study included patients 
with any form of CJD, including sporadic, inherited, 
and iatrogenic. All patients were administered a 
specifically designed short cognitive examination, and 
those who could participate were administered a full 
neuropsychological battery. The short cognitive exam 

included an MMSE and brief tests of visual memory, 
attention, parietal lobe function, calculation, praxis, 
language, reading, executive function, perception, and 
processing speed. The results of the neuropsychological 
testing was correlated with imaging findings, CSF 14-3-3 
protein, as well as demographic, genetic, and clinical 
variables. Healthy age-matched controls were also 
included. The authors wanted to determine whether there 
were any consistent patterns of cognitive dysfunction in 
CJD and how well they correlated with other objective 
markers of disease. 

A total of 81 patients were tested with the short 
cognitive exam; of those, 30 were able to complete 
full neuropsychological testing. Of the 81 patients, 40 
had spontaneous CJD, 28 had inherited CJD, eight 
had iatrogenic CJD, and five had variant CJD. Median 
age of patients was 55.4 years. The most common 
presenting symptoms at the time of testing were 
cognitive dysfunction (89%) and ataxia (78%). Mean 
MMSE at time of testing was 21.2 for patients and 
29.5 for controls. Of the 30 patients able to complete 
the full neuropsychological profile, 73% had cognitive 
complaints. Other common symptoms of CJD (in 
descending order) included anxiety/depression, speech 
difficulty, personality change, apraxia, myoclonus, 
extrapyramidal signs, hallucinations, pyramidal signs, 
sensory disturbances, and diarrhea. 
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Stroke Alert
By Matthew E. Fink, MD

 

Natriuretic Peptide Measurements May 
Help Diagnose Cardioembolic Stroke

SOURCE: Llombart V, et al. B-type natriuretic peptides help in cardioem-
bolic stroke diagnosis: Pooled data meta-analysis. Stroke 2015;46:1187-
1195.

The accurate diagnosis of cardioembolic stroke is extremely 
important, since secondary prevention for this disorder, 

with antithrombotic therapy, is different than for other patients 
who might be treated with antiplatelet therapy. However, 
this remains a difficult diagnosis to make if there are no 
underlying cardiac abnormalities, such as valvular heart disease 
or atrial fibrillation. B-type natriuretic peptide (BNP) is a 
cardiac hormone that plays an important role during stretch 
or overload of the left atrium, when there is inapparent heart 
disease. Both BNP and proBNP are released from the myocyte 
and have been identified as biomarkers for underlying heart 
disease.

Investigators of this study searched a PubMed database through 
November 2013 to identify all articles that measured BNP 
and proBNP in patients with ischemic stroke to determine 
the sensitivity and specificity of these measurements in 
cardioembolic stroke. From 23 selected articles, they collected 
information regarding 2834 patients who were diagnosed with 
a defined cause for stroke. They noted that BNP and proBNP 
levels were significantly elevated until 72 hours from symptom 
onset in patients with cardioembolic stroke, with sensitivity > 
90% and specificity > 80%, when measurements of BNP and 
proBNP were added and compared to the lowest and highest 
quartiles. Both peptides increased significantly in patients with 
cardiopulmonary cardioembolic stroke, and the investigators 
feel that measurements of these peptides may be an important 
biomarker in the diagnosis of cardioembolic stroke. However, 
multicenter prospective studies need to be designed and carried 
out to determine the optimal biomarker, the best time point, 
and the best cutoff values to improve discrimination between 
the various stroke types.   n

Cryptogenic Stroke and Atrial Fibrillation

SOURCE: Favilla CG, et al. Predictors of finding occult atrial fibrillation after 
cryptogenic stroke. Stroke 2015;46:1210-1215.

In large prospective databases of ischemic stroke, cryptogenic 
stroke occurs in as many as 30% of all ischemic stroke 

patients. Many of these patients have the characteristics of 
cardioembolic stroke, and there has always been a strong 
suspicion that some of these patients have atrial fibrillation. 
However, only about 5% of patients with acute ischemic stroke 
are found to have atrial fibrillation while inpatients. Therefore, 
there is great interest in performing mobile cardiac outpatient 
telemetry (MCOT) after discharge, and this study looked at a 
retrospective cohort of consecutive patients who underwent 28-
day MCOT after discharge. 

There were 227 patients with cryptogenic stroke (179) 
or transient ischemic stroke (48), and 14% had atrial 
fibrillation detected on mobile cardiac outpatient telemetry. 
In a multivariate analysis of clinical, echocardiographic, and 
radiographic features associated with the strokes, the only 
significant independent predictors of finding paroxysmal atrial 
fibrillation were age > 60 years (odds ratio = 3.7) and prior 
cortical or cerebellar infarction seen on neuroimaging (odds 
ratio = 3.0). No other clinical features, including demographics, 
CHADS 2 score, congestive heart failure, hypertension, 
age, diabetes, prior stroke or TIA, vascular disease, sex, 
or stroke symptoms were significant predictors, nor did 
electrocardiographic findings or radiographic characteristics 
of the acute infarction have any significant association with 
the detection of paroxysmal AF. Therefore, these results would 
suggest monitoring patients over the age of 60 with evidence of 
prior stroke on brain imaging to look for atrial fibrillation. In 
this series, AF was detected in 33% of patients who had both of 
these features, but in only 4% of patients with neither.   n

Continued on page 80

n COMMENTARY
As expected, cognitive function across all domains was 
demonstrated to be much worse than controls. Patients 
were impaired on all tasks to some degree. Those patients 
able to complete the full neuropsychological testing 
battery demonstrated a general reduction in intelligence 
as compared to the controls, even in the mildly impaired 
patients. Analysis of the specific areas of weakness as 
compared to other domains demonstrated that the 
major areas of cognitive dysfunction included prominent 
executive impairment, parietal dysfunction, expressive 
greater than receptive aphasia, and reduced motor 

task speed. Of note, this degree of frontal and parietal 
dysfunction correlated significantly with atrophy in these 
brain regions on MRI studies. Another notable finding 
was that nonverbal memory was relatively preserved 
in patients with CJD as compared to other cognitive 
domains. Attention was also an area that was relatively 
spared.

In summary, it is not surprising that patients with CJD 
have cognitive dysfunction in all domains. However, 
it is interesting that the dysfunction is more notable in 
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CME QUESTIONS

1. Which of the following statements is not 
correct regarding REM behavior disorder 
(RBD)?
a. RBD is a known precursor of Parkinson’s 
disease, dementia with Lewy Bodies, or 
multiple system atrophy.
b. RBD does not occur in normals, free of 
any neurological disease.
c. RBD is aggravated by treatment with 
SSRIs.
d. RBD is common in patients with 
narcolepsy.
e. The movements that occur in RBD do not 
arise from the basal ganglia. 

2. Regarding a possible link between traumatic 
brain injury (TBI) and Parkinson’s disease 
(PD), which of the following is incorrect?
a. Multiple, but not all, studies have 
supported a link between TBI and PD.
b. TBI has been associated in a large 
retrospective study with an approximately 
45% increase in subsequent PD.
c. The underlying connection between TBI 
and PD is proposed to involved abnormal 
neuronal α-synuclein aggregation.
d. TBI itself, but not TBI severity, is 
associated with increasing incidence of PD 
following injury.

3. Which of the following statements regarding 
rTMS and PD is false?
a. Based on an improved UPDRS score, rTMS 
improves the motor manifestations of PD.
b. rTMS may have a lasting effect on PD 
after is stopped.
c. rTMS can be used in conjunction with 
medications.
d. rTMS is approved by the FDA for 
treatment of PD.

4. Which of the following statements is true?
a. Ischemic forearm exercise testing may be 
useful for diagnosis of McArdle’s disease.
b. Non-ischemic forearm exercise testing may 
be useful for diagnosis of McArdle’s disease.
c. Muscle biopsy may be useful for the 
diagnosis of McArdle’s disease.
d. Analysis of myophosphorylase expression 
in T lymphocytes may be useful for the 
diagnosis of McArdle’s disease.
e. All the above are correct

5. Which of following features of cognitive 
impairment is characteristic of Creutzfeldt-
Jakob disease (CJD)?
a. CJD patients often complain of anxiety 
and depression.
b. Parietal lobe dysfunction is commonly 
observed.
c. Primary disorders of memory are not 
usually seen early in the disease.
d. Impairment of executive function is often 
an early feature.
e. All of the above are characteristic of CJD.

6. Ambulatory cardiac monitoring after 
discharge does not improve the sensitivity of 
diagnosing atrial fibrillation in patients with 
cryptogenic stroke. 
a. True
b. False

7. Measurements of BNP and proBNP in 
patients with ischemic stroke may help to 
confirm a diagnosis of cardioembolic stroke, 
vs other underlying causes.
a. True
b. False

frontal and parietal systems with executive 
and expressive language dysfunction. 
This is a pattern that is more similar to 
the cognitive impairment encountered in 
other dementia syndromes associated with 
abnormal movements including cortical 
basal degeneration, progressive supranuclear 
palsy, amyotrophic lateral sclerosis, and Lewy 
Body disease. The pattern is not an amnestic 

syndrome and would not as easily be confused 
with an Alzheimer-type cognitive dysfunction. 
It is also interesting to note that the cognitive 
impairment in CJD correlated with imaging 
findings. This study is very useful, as it 
adds a significant amount of knowledge to 
the previously poorly defined features of 
the “dementia” syndrome in the “rapidly 
progressive dementia” of CJD.   n
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