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ABSTRACT & COMMENTARY

Airplane-Triggered Headaches
By Louise M. Klebanoff, MD
Assistant Professor of Clinical Neurology, Weill Cornell Medical College

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

SYNOPSIS: Severe, unilateral headaches that occur during airplane travel, particularly during the landing, are most likely a variant of 
migraine headaches triggered by changes in cabin pressure.

SOURCE: Mainardi F, Maggioni F, Volta GD, et al. Prevalence of headache attributed to aeroplane travel in headache outpatient 
populations: An Italian multicentric survey. Cephalalgia 2019;39:1219-1225.

Headache attributed to airplane travel (AH) has 
been described in patients with primary head-
ache disorders during air travel. In the third 

edition of the International Classification of Headache 
Disorders (ICHD-3 beta), AH is listed among other 
forms of headache attributed to disorders of homeo-
stasis. AHs are described as severe, incapacitating, 
unilateral headaches lasting 30-45 minutes and occur-
ring during air travel. The incidence of AH among air 
travelers with previously diagnosed primary head-
ache disorders is unknown. Mainardi et al sought to 
evaluate the prevalence of AH in a sample of patients 
referred to one of six Italian headache centers.

The authors reviewed the data of 869 consecutive 
patients referred to outpatient headache centers for 
an initial evaluation of headache; none of the patients 

presented with a chief complaint of AH. A total of 
136 patients were excluded from the study because 
they had never flown. Of the remaining 733 patients, 
34 (4%) reported headaches during air travel. Four 
of these patients had headaches meeting ICHD-3 beta 
criteria for migraine without aura and were excluded 
from the analysis. 

Of the 30 patients remaining, 24 were referred to the 
clinic for migraine without aura, four for tension-type 
headaches, and two for a combination of migraine 
without aura and tension-type headaches. The age of 
presentation to the clinic was 36.4 ± 9.5 years, with 
the first flight occurring at a mean age of 16.7 ± 4.8 
years. AH did not occur with the first flight; the mean 
age of AH onset was 28.4 ± 5.9 years. There was a 
preponderance of males, with 18 of the 30 patients 
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being male. Although patients often at-
tribute AH to sinus disease, none of the 30 
subjects reported inflammatory sinus disease 
concomitant to the AH attacks. 

All patients reported that AH occurred 
during landing; one patient also reported 
symptoms during takeoff. In one patient, the 
AH lasted for 45 minutes. In the others, AH 
lasted for less than 15 minutes (10 subjects) 
between 15 and 30 minutes (19 patients). 
A milder headache, lasting up to 24 hours, 
persisted in four patients. The pain intensity 
was very severe or unbearable in all patients, 
with a mean score of 9.6 on a 10-point 
visual severity score. The quality of the pain 
was described as stabbing (22 patients) or 
jabbing (eight patients). The pain was al-
ways unilateral, fronto-orbital (23 patients), 
or frontoparietal (seven patients). The same 
side usually was affected with recurrent 
attacks; in five patients, subsequent attacks 
were contralateral. Recurrent attacks were 
variable. Five subjects reported AH on all 
flights; six in more than 75% of flights, 14 
in more than 50% of flights, and five on 
occasional flights. Restlessness was reported 
in five patients, two had accompanying 
ipsilateral conjunctival injection and tearing, 
and one had both restlessness and vegeta-
tive signs; these accompanying symptoms 
could mimic cluster headache. The vast 
majority of subjects (90%) reported that the 
occurrence of AH negatively affected their 
propensity for future flights, with concomi-
tant anxiety frequently reported prior to and 
during air travel.

Ten patients tried pharmacological interven-
tions, such as simple analgesics or nonste-
roidal anti-inflammatory drugs (NSAIDs) 
either alone or in combination with a 
decongestant nasal spray, with 50-75% ef-
ficacy reported. Nasal decongestants alone 
were not effective. Maximum efficacy was 
achieved when the medications were taken 
30-60 minutes prior to the anticipated AH 
attack. A patient with episodic migraine 
headaches and frequent AH found that 
taking a long-acting triptan prior to air 
travel eliminated the AH attacks in 75% of 
subsequent flights. 

In several patients, AH-like attacks also 
were triggered by free snorkeling or scuba 
diving (diving ascent headache) or rapid de-
scent from high altitude (mountain descent 
headache), leading to the hypothesis that 

these headaches may be triggered by an im-
balance between the intrasinusal and exter-
nal air pressure, which in turn could cause 
mechanical activation of the nociceptors 
of the ethmoidal artery and the trigemino-
vascular system. This proposed pathogenic 
mechanism explains why AH may respond 
to triptan medications.

n COMMENTARY
These authors found the prevalence of AH 
to be 4% in an adult outpatient popula-
tion referred to a headache center for other 
primary headache disorders. In all cases, the 
headaches occurred during landing; were 
unilateral, very severe, stabbing, or jabbing; 
and lasted for 15 to 45 minutes. Approxi-
mately 25% of patients reported restlessness 

and less frequent ipsilateral conjunctival 
injection and tearing. Despite the sever-
ity of AH, none of the patients reported 
AH as their presenting complaint and only 
one-third of the patients resorted to phar-
macological interventions. Taking a nasal 
decongestant spray and a simple analgesic 
or NSAID 30 minutes prior to the anticipat-
ed AH attack reduced AH by 50% to 75% 
in subsequent flights. 

AH is a not infrequent, severe headache syn-
drome seen in patients with other primary 
headache disorders and likely is prevent-
able with simple interventions. Improved 
awareness of this condition is needed among 
headache patients and providers. Additional 
research is needed to prospectively collect 
and assess treatment interventions, including 
analgesics with or without nasal deconges-
tants and triptans.  n

[Airplane headache is a severe 

headache syndrome seen in 

patients with other primary 

headache disorders and likely 

is preventable with simple 

interventions. Improved 

awareness of this condition is 

needed.]
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ABSTRACT & COMMENTARY

Opening Potassium Channels — A 
Mechanism That Produces Migraine 
Headache May Offer New Treatment
By Dara G. Jamieson, MD
Clinical Associate Professor of Neurology, Weill Cornell Medical College 

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

SYNOPSIS: The opening of ATP-sensitive potassium channels by levcromakalim triggered migraine headaches in all migraineurs. In healthy 
volunteers, levcromakalim induced milder headaches associated with long-lasting dilation of extracerebral arteries. 

SOURCES: Al-Karagholi MA, Hansen JM, Guo S, et al. Opening of ATP-sensitive potassium channels causes migraine attacks: A new target 
for the treatment of migraine. Brain 2019;142:2644-2654.

Al-Karagholi MA, Ghanizada H, Hansen JM, et al. Levcromakalim, an adenosine triphosphate-sensitive potassium channel opener, dilates 
extracerebral but not cerebral arteries. Headache 2019;10:1468-1480.

Researchers at the University of Copenhagen investi- 
 gated whether the opening of ATP-sensitive potas-

sium channels (KATP) using an infusion of a KATP 
channel opener, levcromakalim, would trigger migraine 
attacks in migraine patients and cause dilation of cranial 
arteries in healthy volunteers. 

In this randomized, double-blind, placebo-controlled, 
crossover study published in Brain, 16 patients, ages  
18 to 49 years, who had one to five migraine attacks  
a month, received either an intravenous infusion of  
0.05 mg/min of levcromakalim or placebo on two dif-
ferent days. Primary clinical endpoints were the differ-
ence in migraine attacks, headaches, and the area under 
the curve (AUC) for headache intensity scores up to 12 
hours after infusion. The middle cerebral artery (MCA) 
blood flow velocity for the initial two hours on transcra-
nial Doppler, the diameters of the left superficial tempo-
ral artery (STA) and the radial artery on ultrasound, and 
the end-tidal partial pressure of CO2 also were deter-
mined. All patients with migraine (100%) developed 
immediate migraine attacks after levcromakalim, with 
a median time to onset of three hours, compared to one 
patient (6%) who developed a migraine attack after the 
placebo injection (P = 0.0001). The attacks triggered by 
levcromakalim were strongly associated with nausea, 
photophobia, and phonophobia, and the patients re-
ported that the triggered headaches mimicked their usual 
migraines. The usual headache location was frontal and 
temporal, with nine out of the 16 patients reporting that 
the triggered migraine pain was bilateral. The AUC for 
headache intensity from time of injection to 12 hours 
was significantly larger after levcromakalim compared 
to placebo. The incidence of headache over the 12-hour 
observation period was higher after levcromakalim (n = 
16) than after placebo (n = 7). The injection of levcro-
makalim was associated with palpitations, flushing, 

warm sensation, an increase in heart rate, and a decrease 
in mean arterial blood pressure. There was no change in 
MCA flow velocity or radial artery diameter, but there 
was a significant increase in the STA diameter. 

The same researchers also published a double-blind, ran-
domized, placebo-controlled investigation of the effect 
of levcromakalim on the cranial arteries in Headache. 
Twenty healthy volunteers without migraine or other 
significant headache history had six high-resolution mag-
netic resonance angiography (MRA) scans at baseline 
to 350 minutes after injection to measure the circumfer-
ential changes of the middle meningeal artery (MMA), 
STA, and MCA at baseline and after infusion of levcro-
makalim (n = 14) or placebo (n = 6). All participants 
received a subcutaneous injection of sumatriptan 6 mg 
before the last MRA scan. The MMA circumference was 
significantly larger after the levcromakalim injection as 
compared with placebo (P < 0.0001), with the dilation, 
which lasted over five hours, significantly associated with 
headache (P < 0.0001). Bilateral headache occurred in 12 
of 14 (86%) volunteers after the levcromakalim injec-
tion and one of six (17%) after the placebo injection, 
with a median time of onset at 30 minutes, an intensity 
of 1 on a 4-point scale, and a duration of six hours. Two 
volunteers without a migraine history reported migraine-
like attacks after the levcromakalim infusion, with none 
reporting migraine-like symptoms after the placebo 
injection. Injection with sumatriptan reduced the STA, 
but not the MCA, circumference. The headache intensity, 
and its associated MMA circumference, were signifi-
cantly reduced after the sumatriptan injection. Although 
the STA circumference initially was significantly larger 
after the levcromakalim injection, over the entire obser-
vational period, there was no difference in the circumfer-
ences of the STA and MCA between levcromakalim and 
placebo. There was no difference in reaction between the 
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right and left sides of the intracerebral or extracerebral 
vessels. Levcromakalim induced a long-lasting (five hour) 
dilation of extracerebral but not intracerebral arteries, 
with sumatriptan reversing the triggered headache and 
the associated MMA dilation. 

n COMMENTARY
The discovery of new therapeutic targets for migraine 
leading to specific and effective treatments is a major 
goal of migraine research, and the KATP channel ap-
pears to be a potential new prospect. These channels are 
expressed in smooth muscle and endothelial cells and, 
when opened, potassium efflux leads to hyperpolariza-
tion with resultant vasodilation. In these studies, the 
opening of KATP channels by levcromakalim caused 
triggering of migraine headaches in all migraine suf-
ferers, as well as milder headaches in a majority of 
non-headache volunteers. The triggered headaches were 
associated with long-lasting dilation of extracerebral but 
not intracerebral arteries in the non-headache volun-
teers. The researchers suggested a crucial role for KATP 

channels in migraine pathophysiology and questioned 
if blockade of these channels could be therapeutic for 
migraine. However, the opening of KATP channels 
triggered headaches in both migraineurs and volunteers 
without headache history. Although this mechanism for 
headache triggering is intriguing, the generalized effect 
in all participants and the production of bilateral pain 
indicate a more general nociceptive effect, as compared 
to a more specific migraine mechanism with unilateral 
head pain produced only in vulnerable subjects. Com-
pounds that produce vasodilation through multiple 
mechanisms can generate headaches, so it is not clear 
that the specific opening of the KATP channels has a di-
rect effect on migraine-related nociceptors in general and 
that this opening is specifically associated with migraine 
provocation. The authors noted that further nocicep-
tive effects of opening of KATP channels, specifically the 
activation and sensitization of perivascular nociceptors 
including trigeminovascular sensory neurons, remain to 
be explored.  n

ABSTRACT & COMMENTARY

Are Cyclic Vomiting Syndrome  
and Benign Paroxysmal Torticollis  
Precursors of Migraine?
By Matthew S. Robbins, MD, FAAN, FAHS
Assistant Professor of Neurology (Interim), Weill Cornell Medical College, NewYork-Presbyterian Hospital

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

SYNOPSIS: Cyclic vomiting syndrome and benign paroxysmal torticollis in children frequently predict the subsequent onset of migraine 
later in life.

SOURCE: Moavero R, Pepetti L, Bernucci MC, et al. Cyclic vomiting syndrome and benign paroxysmal torticollis are associated with a high 
risk of developing primary headache: A longitudinal study. Cephalalgia 2019;39:1236-1240.

Moavero and colleagues aimed to better define 
the clinical spectrum of cyclic vomiting disorder 

(CVS) and benign paroxysmal torticollis (BPT) and 
to assess the subsequent rates of developing migraine. 
They used a clinic-based sample surveying the parents 
of 82 patients already diagnosed with a history of these 
disorders. CVS did not feature a consistent pattern of 
attack frequency and duration but typically featured 
several vomiting episodes per attack. BPT episodes were 
described as lasting hours, days, or weeks.

On average, CVS started at 4 years of age and BPT at 5 
months of age. Migraine ultimately developed in 71% 
with CVS and 81% with BPT. Mean age of headache 
onset was 6 years in those with CVS and 5 years in those 
with BPT. Both groups featured very high rates of mi-
graine family history and coexisting episodic syndromes 
potentially related to migraine as well.

n COMMENTARY
There is great interest to identify early-life precursors of 
migraine to better understand genetic and epidemiologi-
cal factors that may have counseling and therapeutic 
implications. CVS and BPT are two such precursors 
recognized along with infant colic, abdominal migraine, 
benign paroxysmal vertigo, and alternating hemiplegia 
as such in the third edition of the International Clas-
sification of Headache Disorders. Periodic disorders not 
yet recognized in the classification include recurrent limb 
pain, motion sickness, and recurrent sleep disturbances.

The study results reinforce the strong link between CVS, 
BPT, and the later development of migraine. BPT, in 
particular, has been linked to mutations in CACNA1A, 
a voltage-dependent calcium channel, which is also 
the most common genotypic association with familial 
hemiplegic migraine. The generalizability of the results 
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to patients in less specialized practice settings and other 
demographic backgrounds should be questioned, as this 
sample was derived from a single pediatric headache 
center in Italy. CPT and BPT generally are uncommon 
conditions, unlike infant colic, which has a much higher 
prevalence and has been the subject of more recent and 

larger scale investigations regarding a migraine link. 
In infant colic, there may be more of an influence of a 
maternal migraine history on its prevalence, whereas for 
other disorders like CVS and BPT, a parental-specific 
influence remains largely unexplored.  n

ABSTRACT & COMMENTARY

Stopping Cannabis Improves Cognitive 
Function in Patients With Multiple Sclerosis 
By Ulrike W. Kaunzner, MD
Assistant Professor of Clinical Neurology, Weill Cornell Medical College

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

SYNOPSIS: The authors of a recent study evaluated the effect of discontinuing cannabis use in patients with multiple sclerosis. Stopping 
cannabis led to significant improvements in memory, processing speed, and executive function.

SOURCE: Feinstein A, Meza C, Stefan C, Staines RW. Coming off cannabis: A cognitive and magnetic resonance imaging study in patients 
with multiple sclerosis. Brain 2019;142:2800-2812.

Cannabis, a botanical that is categorized as a Sched- 
 ule I category drug, is the most commonly used 

psychoactive substance worldwide. The botanical’s best 
described compounds are terpenoids, flavonoids, and 
cannabinoids. Cannabinoids alter the release of neu-
rotransmitters, and can be separated into phytocannabi-
noids, endocannabinoids, and synthetic cannabinoids. 
The two best-studied cannabinoids are tetrahydrocan-
nabinol (THC) and cannabidiol (CBD), which interact 
differently with the known cannabinoid receptors CB1 
and CB2. The legal use of cannabis, for recreational pur-
poses as well as in its medically prescribed form, varies 
internationally as well as throughout the United States. 

Patients with multiple sclerosis often suffer from symp-
toms such as spasticity, pain, paresthesia, insomnia, or 
depression. Recent studies show that approximately 
16-20% of patients with multiple sclerosis (MS) cur-
rently are using cannabis, 47% have considered using 
cannabis, 26% have used cannabis in the past, and 20% 
have spoken with their physician about using cannabis. 
However, consistent benefit from cannabis use needs 
further investigation, and potential harmful effects on 
the central nervous system require careful evaluation. 
Because 40-80% of patients with MS have cognitive 
dysfunction, researchers need to assess cautiously if and 
how cannabis use might contribute to cognitive changes 
seen in patients with MS. 

Feinstein et al investigated the cognitive response of 
patients with MS who stopped using cannabis. They 
enrolled 40 patients who all started cannabis — smoked, 
vaped, or ingested — after their initial MS diagnosis. 
Fifteen participants took medically prescribed cannabis, 

and all participants reported cannabis use of at least 
four times per week. Only subjects who showed some 
baseline cognitive impairment were enrolled. Exclu-
sion criteria were other neurological disorders, mental 
illness, and recent steroid use. Patients were divided into 
two groups, one continuing to use cannabis and the 
other discontinuing cannabis use. The latter group was 
offered counseling and alternative therapies in case of 
withdrawal symptoms or increased MS symptoms. The 
two groups matched neurologically and demographi-
cally. The tester was blinded at the beginning of the 
study, and all participants underwent a battery of cogni-
tive testing at baseline and after 28 days. In addition, 
baseline and 28-day magnetic resonance imaging results 
were obtained. Participants who stopped using cannabis 
had better cognitive function on several cognitive tests 
and faster reactive times after being off cannabis for 28 
days. The patients who stopped cannabis also showed 
increased brain activation in regions associated with the 
test performance.

n COMMENTARY
This is an important study. Feinstein and colleagues 
demonstrated that cognition and processing speed 
improved in those patients with MS who were taken off 
cannabis, indicating that cannabis may have a negative 
effect on mentation in these patients. A small number of 
studies so far have evaluated the effect of cannabis on 
cognition, especially in patients with MS, and this is an 
excellent and much needed contribution to the field.

As acknowledged by the authors, a challenge was that 
the subjects were on different forms of recreational 
and medically prescribed cannabis, and the respective 
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amounts of THC and CBD were not known. They  
concluded that the majority of products contained 
potent levels of THC. According to other studies, there 
is some evidence that THC, the psychoactive cannabi-
noid, has a positive effect on nausea, sleep, and pain. 
However, it might have a negative effect on memory, 
cognitive processing, attention, and executive function. 
On the other hand, CBD reportedly has anxiolytic, anti-
convulsant, and anti-inflammatory effects. There is some 
preliminary evidence of the effect of CBD on cognition, 
suggesting that it might have a neutral, beneficial, or, if 
taken in conjunction with THC, protective effect. 

The overall reported cannabis use among patients with 
MS is around 20%, and the percentage could increase 
with legalization of cannabis and increased use of 
prescribed medical marijuana. Because patients with 
MS subjectively report positive effects after cannabis 

use, further studies with larger cohorts, longer observa-
tion times, and comparisons of patients with relapsing-
remitting vs. progressive MS are needed to evaluate the 
positive and negative effects of cannabis. Recreational 
cannabis and medically prescribed cannabis contain 
both THC and CBD, and it might be important to deci-
pher the effects of each compound and investigate their 
effects on the nervous system independently. 

In conclusion, this is an important study, since cannabis 
is a frequent topic of discussion in daily neurologi-
cal practice and is more and more part of symptom 
management of patients with MS. This study prompts 
a careful review of risks and benefits of medical and 
recreational cannabis use in this patient population, and 
the effect on cognitive function needs to be discussed 
carefully.  n

ABSTRACT & COMMENTARY

The Role of Muscle MRI in the Diagnosis  
of Motor Neuron Diseases
By Mary L. Vo, MD, PharmD
Assistant Professor of Neurology,Weill Cornell Medical College

Dr. Vo reports she is an advisory board member for CSL Behring, is a consultant and advisory board member  
for Alexion Pharmaceuticals, and receives grant/research support from Takeda Pharmaceuticals.

SYNOPSIS: The current study characterizes novel patterns of abnormalities on muscle magnetic resonance imaging (MRI) in patients with 
amyotrophic lateral sclerosis and spinobulbar muscular atrophy. Further, MRI changes correlate with disease severity.

SOURCE: Klickovic U, Zampedri L, Sinclair CDJ, et al. Skeletal muscle MRI differentiates SBMA and ALS and correlates with disease 
severity. Neurology 2019;93:e895-e907.

Magnetic resonance imaging (MRI) of skeletal muscle 
has been used to discern patterns of muscular fatty 

infiltration and edema associated with acute denerva-
tion in various neuromuscular diseases. However, there 
is limited experience with muscle MRI in motor neuron 
disease. 

In this prospective cross-sectional study, Klickovic et 
al assessed head and lower limb (LL) MRI in 21 men 
with spinobulbar muscular atrophy (SBMA), 21 men 
and women with at least clinically possible amyotrophic 
lateral sclerosis (ALS), and 16 healthy controls seen 
at two specialty neuromuscular clinics in the United 
Kingdom between 2015 and 2017. They used the ALS 
Functional Rating Scale-Revised (ALSFRS-R), SBMA 
Functional Rating Scale (SBMA-FRS), and adult myopa-
thy assessment tool (AMAT) to assess disease severity. 
All subjects underwent 3T MRI of head-neck, thigh, 
and calf regions. A semiquantitative MRI analysis was 
performed to assess muscle fat infiltration and edema 
seen on T1-weighted and fat-suppressed T2-weighted 

short tau inversion recovery (STIR) images, respectively. 
Quantitative fat fraction maps and functional remain-
ing muscle area for muscle compartments in the thighs 
and calves were calculated. Data from four patients with 
SBMA, three patients with ALS, and one healthy control 
were excluded due to incomplete imaging or insufficient 
image quality. Statistical analysis was performed using 
Kruskal-Wallis tests, two-sample t tests, and Mann-
Whitney U tests for intergroup comparisons with an 
α level of 0.05. Correlations of MRI data with clinical 
measures were established with Spearman (ρ) or Pearson 
coefficients.

T1-weighted MRI images of the thigh muscles showed 
that the SBMA group had significantly greater muscle 
fat infiltration compared to controls (P < 0.001). In the 
SBMA group, there was a distinct pattern of severe fatty 
infiltration in the anterior and posterior muscle compart-
ments of the thigh and the superficial and deep muscle 
compartments of the calf. In contrast, ALS patients did 
not demonstrate significant differences in thigh muscular 
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fat infiltration compared to matched controls. There was 
moderate fatty infiltration of lateral calf muscles in the 
ALS patients. STIR-weighted imaging of lower extremity 
muscles showed increased hyperintensity in both SBMA 
and ALS groups, with the most marked abnormalities in 
calf muscles of the ALS group.

T1-weighted MRI sequences of head and neck muscu-
lature showed moderate to severe fatty infiltration of 
intrinsic and extrinsic tongue muscles in both SBMA 
and ALS groups. SBMA patients had moderate to  
severe fatty infiltration of masticatory and swallowing 
muscles. In comparison, the ALS group showed mild to 
moderate involvement of these muscles. Quantitative 
analysis confirmed significant severe fatty infiltration of 
bulbar muscles in the SBMA group relative to controls 
(P < 0.001) with the genioglossus being the most severe-
ly affected muscle. There were no significant differences 
in the overall fatty fraction of bulbar muscles in the ALS 
group compared to control. 

There was a strong negative correlation between fatty 
infiltration of muscle and disability in patients with 
SBMA (ρ = -0.86; P < 0.001) and with ALS (ρ = -0.47; 
P = 0.04). 

Although fatty infiltration was not a prominent feature 
of ALS, muscle atrophy measured by functional re-
maining muscle area (fRMA) correlated strongly with 
ALSFRS-R LL subscales. Similarly, combined thigh and 
calf fRMA correlated strongly with SBMA-FRS LL 
subscales and with AMAT scores.

In summary, the authors found significant fat infiltration 
of bulbar and limb muscles in SBMA and marked STIR 
hyperintensities in lower limb muscles in ALS sufficient 
to differentiate the two conditions. MRI abnormalities 
correlated significantly with clinical scales of disease 
severity in ALS and SBMA.

n COMMENTARY
SBMA is a rare, slowly progressive form of motor neu-
ron disease presenting with dysarthria, facial weakness, 
and limb weakness. It is an X-linked disorder caused 
by CAG repeat expansion on the androgen receptor 
gene. In contrast, ALS is a fatal complex neurodegenera-
tive disorder characterized by relentless progression of 
upper and lower motor neuron weakness and cognitive 
degeneration.

Clinical assessment, electrophysiologic testing, genetic 
testing, and brain imaging are the main strategies used 
to distinguish SBMA from ALS. Diagnosis can be chal-
lenging, particularly early in the disease course. The 
distinct MRI signatures described in the study illustrates 
a pattern of prominent fatty infiltration of bulbar and 
lower limb muscles in patients with SBMA in contrast to 
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CME QUESTIONS

1. Which of the following statements about 
airplane headaches is false?
a. Airplane headaches are unilateral, severe, 
stabbing, and often recurrent.
b. Airplane headaches usually occur during 
landing.
c. Airplane headaches can be prevented by 
using nasal decongestants alone prior to the 
anticipated attack.
d. Up to 25% of patients with airplane 
headaches report restlessness, ipsilateral 
conjunctival injection, or tearing.

2. Which statement about opening ATP-sensitive 
potassium channels is true?
a. The KATP channel opening triggers 
headaches only in individuals with a history 
of migraine headaches. 
b. The opening of KATP channels is 
associated with potentially life-threatening 
vascular side effects.
c. Arterial dilation associated with opening 
of KATP channels does not reverse with 
sumatriptan.

d. Opening of KATP channels is associated 
with extracerebral, but not intracerebral, 
arterial dilation.

3. Cannabis use in patients with multiple 
sclerosis results in which of the following?
a. Improved memory and cognitive function
b. Reduced pain experience
c. Faster gait
d. Faster reaction times

4. What are the main MRI features of 
amyotrophic lateral sclerosis?
a. Increased T1 signal in bulbar muscles
b. Increased T1 signal in anterior and 
posterior thigh muscle compartments
c. Increased T2 signal in superficial and deep 
calf muscle compartments 
d. Increased STIR hyperintensity in calf 
muscles
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CME INSTRUCTIONS

patients with ALS, who demonstrated marked 
STIR hyperintensities and reduced functional 
muscle area in calves. 

One limitation of traditional assessment 
tools is that they do not capture the extent or 
progression of disease. Some advantages of 
skeletal MRI include evaluation of muscles 
that are inaccessible to traditional clinical and 
electrophysiologic assessments and the ability 
to quantify disease and monitor disease pro-
gression.1,2 As the role of skeletal muscle MRI 
in motor neuron disease continues to emerge, 

it demonstrates the potential to be a sensitive 
research biomarker and may inform  
the development of future therapeutic  
targets.  n
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