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Abstract

Introduction—Muscle cramping is a common symptom in amyotrophic lateral sclerosis (ALS)
without efficacious treatment. The natural history of this symptom is unknown, which hampers
efforts to design optimal clinical trials.

Methods—We surveyed early stage ALS patients about their experience with cramps each
month by phone for up to 21 months.

Results—Cramps developed in 95% of patients over the course of their disease. The number of
cramps experienced by an individual varied widely from month-to-month and trended lower after
the first year of illness (P = 0.26). Those with limb-onset and age >60 years had more cramps than
bulbar-onset (P<0.0001) and younger patients (P<0.0001).

Discussion—The high variability of the number of cramps experienced suggests that clinical
trials will need to use crossover designs or large numbers of participants, even when the treatment
effect is substantial.
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INTRODUCTION

Progressive weakness without significant pain or sensory loss is the typical presentation of
Amyotrophic Lateral Sclerosis (ALS). Most patients do report painful symptoms at some
point during their illness [1], and muscle cramps are a leading source of pain.[2] Cramps
have been reported to affect about two-thirds of ALS patients [3,4]; the cause is uncertain,
and there is support for both peripheral and central nervous system components in the
literature.[5] There is no clearly efficacious treatment for cramps in ALS.[6]

Despite the high prevalence of cramps in the ALS population, only 2 published studies have
directly investigated their treatment in the disease [7,8], and practice guidelines reflect the
lack of an evidence-based approach.[6] Many of the recommendations are based on
anecdotal experience or from studies focused on benign nocturnal cramps.[9] There are
many inherent difficulties in studying cramps, because they are variable, subjective, and
self-reported. There have been no formal natural history studies of muscle cramps in ALS
assessing features such as their prevalence, duration, or intensity. [10] The lack of natural
history data makes it difficult to plan outcome measures and sampling intervals for clinical
trials.[8] For these reasons, we undertook a prospective, longitudinal study of the
prevalence, frequency, distribution, and severity of muscle cramps in a cohort of ALS
patients over the course of their disease.

MATERIALS AND METHODS

From July 2010 to December 2012, all ALS patients evaluated at the Wake Forest ALS
Center with duration of weakness <18 months were asked to participate in the study. The
diagnosis of ALS was made by clinical evaluation with support from electrodiagnostic and
imaging studies with a grade of “clinically possible” ALS or higher according to the revised
El Escorial Criteria.[11] Limb, bulbar, and respiratory onset patients were included, and
symptoms of cramps were not necessary for inclusion in the study. This study was approved
by the Wake Forest Health Sciences Institutional Review Board, and participants provided
written informed consent.

Longitudinal data regarding cramps were collected during monthly patient interviews for a
maximum of 2 years. Interviewers (SC, ES) trained in the definitions of cramps [5] guided
participants through a survey about their experience with cramps. Cramps were defined as
sudden onset, focal muscle pains with a palpable contraction or feeling of contraction.
Symptoms were explored carefully to avoid confusion with similar symptoms, particularly
pain related to spasticity or muscle strain, spontaneous clonus, eyelid myokymia, and
tremors. The baseline survey was conducted during a routine clinic visit along with
collection of demographic data and the revised ALS Functional Rating Scale (ALSFRS)
score.[12] Subsequent monthly surveys were administered via telephone or could be
conducted face-to face during a routine clinic visit, typically scheduled every 3 months.
ALSFRS scores were also collected during these visits. During interviews, caregivers could
relay information from the patient but were not allowed to provide information directly. The
survey instrument (see supplementary file, available online) was designed for this study and
consisted of 10 questions about the number, severity, duration, and location of muscle
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cramps that could be recalled over the previous month. A cramp index score was calculated
by multiplying the number of cramps/month by severity score (1-4) and by duration score
(1-3). Daily logs were not kept, and participants were asked to estimate their experience
over the preceding month without access to previous data. Use of riluzole, baclofen and
gabapentin were recorded each month.

Data were examined using normal probability plots and were appropriate for statistical tests
without requiring transformations. Independent 2-sample 2-sided t-tests were conducted to
compare the mean number of cramps and the cramp index in bulbar and non-bulbar onset
ALS, men and women, and younger and older age groups. Following adjustment of the data
to reflect months from onset of ALS, a 1-way ANOVA was used to test for cramp number
differences between years 1 through 3. The number of cramps reported by participants
taking riluzole was compared with those not taking riluzole at 3-month intervals over the
adjusted course of the data collection using simple t-tests. To determine necessary sample
size for a hypothetical clinical trial, we assumed post-hoc power analysis with an alpha error
of .05 at 80% power.

Forty-one ALS patients were enrolled in the study (Table). The onset location was cervical
in 34%, lumbosacral in 46%, and bulbar in 20%. Eight patients provided only baseline data,
but the remaining 33 patients were followed for a mean of 8.5 months (range 2-21 months).
At baseline, 32 (78%) participants reported cramps, and the mean number of cramps per
month was 46 +£103 (range 0-600). Most described the cramp pain as moderate (34%) or
severe (24%). Five individuals (12%) experienced extremely frequent (=100/month) and
severe cramps, but most stated that the cramps lasted less than 1 minute and were painless or
mildly painful. Frequent cramps (=2 cramps/day) were reported by 12 participants (29%),
and cramps interrupted sleep in 50% of those who reported cramps. Cramps were most
commonly reported in the calf and thigh followed by the hand and foot. The mean cramp
index at baseline was 225 + 587 (range 0-3600). Nine individuals did not report cramps at
baseline, and nearly half (46%) had fewer than 10 cramps/month. During follow-up of the
33 participants, only 2 never developed cramps; this brings the incidence of cramps over the
course of the study to 95%. Over the course of the study, 15 participants (37%) reported =60
cramps/month at least once and 10 people (24%) reported =100 cramps/month at least once.
Of the 17 people who provided follow-up information and experienced infrequent cramps
(<10 cramps/month) at baseline, 14 (82%) never developed frequent (=60) cramps/month.

After adjusting data points to the time from onset of weakness, the mean number of cramps
trended down and became less variable (first year 46.28 + 95.73, second year 37.63 + 62.50,
third year 24.14 + 31.74), but this trend did not reach statistical significance (P = 0.26,
Figure). Analyzing all data points throughout the study, the average number of cramps was
significantly higher in those with limb-onset ALS (37.48 + 18.58) compared to those with
bulbar-onset (7.12 + 8.43), P<0.0001. There was no difference in age between the limb-
onset (64.27 years) and bulbar-onset (64.25 years) groups. Participants aged 60 or younger
reported significantly fewer cramps (mean = 16.08 + 14.34) than older participants (mean =
45.05 £ 20.61, P<0.0001). There were no differences in cramp number between men and
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women (P = 0.1347). Similar analysis of the cramp index score mirrored these findings in
each case (data not shown). The number of cramps was compared between those who were
taking riluzole and those who were not at multiple points in their disease, and no differences
were observed (P-values ranged from 0.2370 — 0.9813). To describe the characteristics of
likely clinical trial participants, we identified a cohort of 10 participants with at least 2
observations and who complained of 60 or more cramps per month. Over an average of 8.8
observations, the mean numbers of cramps/month was 90.6, SD 67. In this group, standard
deviations ranged up to 200% of the mean for an individual.

DISCUSSION

Muscle cramps were a common symptom of ALS, occurring in 95% of our cohort at some
point during their disease course. There was marked variability in the severity and frequency
of cramps among these ALS patients. Most never experienced frequent cramps, but nearly a
quarter of patients experienced over 100 cramps during a month. In those who experienced
numerous cramps, there was also wide variability in the severity from month to month. The
majority of those patients who did not have many cramps at the time of diagnosis never
experienced frequent cramps.

There is a paucity of literature detailing the ALS patient experience with cramps. A study of
167 ALS patients noted that 72% of patients reported cramps when the mean duration of
disease was 2.6 years. [4] This is similar to the prevalence of cramps in our cohort at
baseline (78%); the mean disease duration of 11 months was approximately 1.5 years earlier
than the previous study, suggesting the prevalence of cramps is remarkably stable from
diagnosis until the later stages of ALS. A widely quoted abstract surveyed 84 ALS patients
and found a slightly lower prevalence of cramps (62%) [3], but the mean age of the subjects,
duration of illness at the time of the survey, and detailed methodology of the survey were
not reported. It is possible that differences in the study population or the survey methods
explain the lower prevalence of cramps found in this report.

While the prevalence of cramps appears to be stable from the first to the third years of ALS,
we found that, the numbers of cramps experienced by patients during the first year of
disease trended down over years 2 and 3 but did not reach statistical significance, even
between years 1 and 3. A larger sample of patients might have overcome the wide standard
deviations and demonstrated a significant decline as the disease progressed. Compared with
the healthy baseline state, cramps increase during the months of illness prior to diagnosis,
but this cannot be demonstrated without studying a pre-symptomatic cohort as would be
possible in familial ALS. In those with at least 2 cramps per day, we found wide month-to-
month fluctuation in the cramp number and the cramp index. Previously, there has not been
a longitudinal study of cramps in the ALS population except for a few interventional studies
and clinical trials where scant details were presented. The day-to-day variability of cramps
in the general ALS population has not been studied specifically, but 2 clinical trials provide
some indication. In a study of dronabinol for cramps in ALS about 7% of subjects who
reported several cramps per day at baseline stopped having cramps during a 2 week lead-in
period, indicating significant individual variability.[8] An open-label study of levetiracetam
in ALS patients found apparently stable week-to-week measurements of mean cramp
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severity and frequency, but since daily logs were not kept the results may have been affected
by recall bias.[7] Similar to our data collected each month, this study found a large inter-
subject standard deviation for cramp frequency (4 cramps/day + 4.5) but the week-to-week
variability for individual subjects was not reported. We found that cramps were more
common in patients with limb-onset ALS, likely reflecting the greater degree of lower motor
neuron involvement as the disease progressed during the follow-up period. Older patients
reported more cramps, perhaps due to the faster progression of disease usually seen in this
group and the increasing propensity for cramps with aging suggested by the demographics
of benign nocturnal cramp disorder.[13]

The strengths of our study include a prospective design that did not bias towards including
those who complained of cramps (about one-quarter did not have these complaints). Our
sample is well- balanced for gender and reflects the typical age and onset location
distribution for ALS.[14] Vigorous efforts were made to enroll patients immediately after a
confirmatory diagnosis of ALS so that cramps in the early phase of the disease could be
studied. The mean disease duration in our cohort at baseline was 11 months. This is an
indication of considerable success in recruiting participants with early ALS, particularly
since the average time from onset to diagnosis is approximately 1 year [15] and is often
followed by further delay when they are referred to a multi-disciplinary ALS center. The
monthly phone interviews ensured adherence, and since previously collected data were not
shared with participants, recall bias was minimized. As our goal was to study cramps over
the course of the illness, there was concern that daily logs would be onerous and might lead
to incomplete and inaccurate data reporting. Our study also has some limitations, including
small sample size, variable length of follow-up, and use of a novel non-validated survey
instrument. Also, there was a potential for recall bias representing the days nearest the phone
interview.

Our findings have implications for future clinical trial design. The ideal study population,
those suffering very frequent and painful cramps, made up only 12% of our cohort,
indicating that few participants will be available at any single time at a center. If the
inclusion criteria were to be liberalized to include all of those with at least 2 cramps per day,
nearly 40% of ALS patients would qualify at some point in their illness, but the high
variability in the numbers of cramps creates a challenge. Using a traditional 2-group
placebo-controlled study, 70 patients would be needed to show a 50% reduction in cramp
number per month, and 276 patients would be needed to detect a 25% reduction in cramps
per month. A crossover design would reduce these numbers to 38 patients to detect a 50%
drop in the number of cramps, but still a fairly high number of 140 patients to detect a 25%
reduction. Others have suggested using a visual analog scale for daily cramps to reduce
recall bias and a parallel group design to minimize the effects of high day-to-day variability
of cramps.[8,10] Our data indicate that those who did not report cramps at the time of
diagnosis are unlikely to later develop significant problems with these symptoms, so they
can be effectively excluded from screening. The number of cramps tracked the cramp index
very closely suggesting that data about the duration and severity of a cramp may not need to
be collected in a clinical trial.
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Muscle cramps are a common source of pain in ALS for which there is no effective
treatment.[6] Numerous treatments have been suggested to treat cramps in ALS, but few
have been rigorously evaluated. Only 2 clinical trials have directly tested medicines for
cramps, and a handful of others listed cramps as a secondary outcome measure. A
randomized and blinded trial of tetrahydrocannabinol failed to show benefit.[8] Cramps
were a secondary outcome measure during a neuroprotection trial of vitamin E in ALS,
which did not demonstrate a response treatment.[16] An open-label trial of levetiracetam
showed reduced cramp frequency and severity, but no further trials of this agent have been
performed.[7] Cramps were recorded as an adverse event during a clinical trial of
gabapentin for ALS progression and no difference was found between the gabapentin and
placebo groups. [17] A trial of mexiletine for cramps in ALS is underway using a crossover
design and number of cramps per day as the primary outcome measure.[18] Our data
indicate this is an optimal design, but this will eventually depend on the day-to-day
variability of cramps and effect size. As in other studies [19,20], we did not find evidence
that riluzole use is associated with fewer cramps, and fewer than 10% of our group were
taking other medicines that are sometimes prescribed to reduce cramps (such as gabapentin
or baclofen). Our data suggest that medicines prescribed to reduce cramps should be weaned
intermittently, as the number of cramps is highly variable and trends downwards.

In conclusion, muscle cramps are a nearly universal occurrence (95%) during the course of
ALS and are a major source of pain for about a quarter of patients at some point in their
illness. Cramps develop early in the illness and show a trend to decrease over subsequent
years. The number of cramps varies widely from month to month in those with frequent
cramps. Older patients and those with limb-onset ALS report more cramps than younger and
bulbar-onset ALS patients. An improved understanding of the natural history of cramps will
help guide future clinical trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Mean Number of Cramps by Duration of ALS

Year 1 Year 2 Year 3
Duration of ALS from onset

Figure.
The mean number of cramps per month with standard deviation (whisker lines) reported

during progression of ALS. The mean number of cramps declined over time, but this trend
did not reach statistical significance (P = 0.26).
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Table

Characteristics of participants at baseline

Mean Range
Age (years) 64 31-84
Number of participants 41 (23 men) -
Duration of disease (months) 11 1-18
ALS-FRS 39 27-48
Number with limb onset 32 -

Number of cramps per month 461103 0-600

ALS-FRS, Amyotrophic Lateral Sclerosis-Functional Rating Scale
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