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Objective: This study was conducted to evaluate heart rate (HR) change and clinical characteristics in
patients with neck myoclonus (NM), a physiological motor phenomenon occurring during sleep.
Methods: For 18 consecutive patients in whom NM was confirmed from video-polysomnography, we
analyzed 576 NMs. Change rate of HR at each 1 sec point towards the averaged HR in prior 5 sec period
was calculated before and after all NM events.

Results: Findings show NM events as more prevalent during REM sleep than during NREM sleep (83.9%
vs. 16.1%). For NM without cortical arousal in REM and NREM sleep, the respective HR increased 20 s
before NM (p < 0.05); the change rate was up to 13%. For NM with cortical arousal in REM sleep, the
HR increased 50 s before NM (p < 0.05); the change rate reached 18%. Three NM subjects showed abnor-
mal vocalization or shouting during REM. Six NM subjects had excessive daytime sleepiness without
sleep disorder.

Conclusion: HR increased before NM events, which may be associated with pathophysiology of NM. NM
may possibly be associated with excessive daytime sleepiness or abnormal behaviors during REM sleep.
Significance: HR increase is associated with pathophysiology of NM and clinical symptom:s.

© 2021 International Federation of Clinical Neurophysiology. Published by Elsevier B.V. This is an open
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1. Introduction

Neck myoclonus (NM) is regarded as a physiological motor phe-
nomenon occurring during sleep, similarly to periodic limb move-
ments during sleep (PLMS), twitches observed from rapid eye
movement (REM) sleep, fragmentary myoclonus, and sleep starts.
(American Academy of Sleep Medicine, 2014) NM is observed as
one or more short stripe-shaped movement-induced artifacts on
polysomnography. These and other physiological motor phenom-
ena are frequently observed in clinical settings. Nevertheless, the
clinical / patho-physiological relevance has not been well eluci-
dated. Regarding PLMS, heart rate increase, blood pressure change,
sympathetic hyperactivity or cortical activity associated with the
motor events have all been reported (Allena et al., 2009, Ferri
et al., 2007, Pennestri et al., 2013, Sforza et al., 2005). In addition,
PLMS are known to induce or exacerbate sleep fragmentation
and subsequently to promote or trigger NREM parasomnia
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episodes (Castelnovo et al., 2018). On the other hand, the effects
of NM on the heart rate and their association with other sleep dis-
orders have not been reported in the literature to date. A recent
study showed NM as accompanied by leg movements, arousal or
awakening, or stage shift (Wolfensberger et al., 2019). Because of
sleep fragmentation caused by NM, NM might be associated with
non-restorative sleep and daytime sleepiness.

Considering these earlier findings, this study was conducted to
investigate heart rate change, clinical effects, and the NM
phenotype.

2. Methods
2.1. Subjects

We retrospectively reviewed consecutive video-
polysomnography (v-PSG) recordings accumulated during April
2016 through April 2018. Patients treated using medications possi-
bly influencing motor symptoms at the time of v-PSGs, such as
antidepressants, benzodiazepines and Z-drugs and sedating anti-
histamines, and affecting cardiovascular functions, such as beta
blocker, anticoagulant and antihypertensive drugs, were excluded.
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Of 18 patients who were shown to have NM, one or more short
stripe-shaped movement-induced artifacts on polysomnography,
were examined in this study (Frauscher et al., 2010). Fig. 1 repre-
sents examples of NM. For all patients, daytime sleepiness was
assessed using the Epworth Sleepiness Scale (ESS) (Johns, 1991).
Among the 18 patients, 12 patients who were suspected of having
central disorders of hypersomnolence underwent multiple sleep
latency tests following nocturnal v-PSG. The study protocol was
reviewed and approved by the Ethical Committee of the Neuropsy-
chiatric Research Institute.

2.2. Nocturnal video-polysomnography and scoring

Nocturnal video-polysomnography was performed using a stan-
dard system (Alice 6; Respironics Inc., Murrysville, PA, USA) includ-
ing the following: six channels of scalp electroencephalographic
data (F3/A2, F4/A1, C3/A2, C4/A1, O1/A2, 02/A1); two channels of
electro-oculography; electromyography (EMG) of the submentalis
muscle, the flexor digitorum superficialis muscle, and the bilateral
anterior tibialis muscle; electrocardiography; nasal/oral airflow
data; a percutaneous oximetry sensor for recording oxygen
saturation data; a microphone for detecting snoring sounds; and
chest/abdominal respiratory effort data. Sleep stages and elec-
troencephalographic arousal, periodic limb movements during
sleep, and respiratory events were scored carefully by board-
certified sleep technologists according to criteria established by
the American Academy of Sleep Medicine (Berry et al., 2012).

2.3. Analysis of heart rate change

For all 18 v-PSG recordings, board-certified sleep technologists
visually re-scored NM events on v-PSG recordings. They carefully
extracted periods of 700s including NM from stage-scorable
epochs without large artifacts. We firstly detected 587 NM events,
of which 576 NM events were able to be analyzed. For all NM
events, the 700 s periods before and after NM (350 s) were ana-
lyzed (total of 576 periods). In each period, change of HR in each
1 s point compared to the averaged HR in the last 5 s were assessed
as increase rate of HR. Then, the increase rate was standardized
dividing by the averaged heart rate in the respective 700 s periods
to exclude individual variation of HR. Finally, we averaged the
standardized rate of heart rate increase for all the subjects. These
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analyses were conducted using the software (PLMS Event Analysis;
Norupro Light Systems Inc., Tokyo, Japan) (Sasai et al., 2013).

2.4. Statistical analysis

Chi-square tests were applied to compare categorical variables.
Repeated measured ANOVA was used to compare the increase rate
of HR at each point with significance of p < 0.05. A point of increase
of HR was inferred as the starting time of the time period with sig-
nificant increase of HR. All statistical analyses were conducted
using software (IBM SPSS ver. 24.0; IBM Corp., Armonk, NY, USA).

3. Results
3.1. Demographic information and polysomnographic findings

Table 1 presents demographic characteristics and polysomno-
graphic findings associated with the NM cases. Results show that
NM was more predominant during REM sleep than during NREM
sleep (83.9% vs. 16.1%, P<0.05). Of the 18 NM patients, 15
(83.3%) were under 45 years old. The index of NM was higher in
REM sleep than in NREM sleep (P < 0.05). Of 576 NM events, 40
events (6.9%) were accompanied by cortical arousal. No awakening
was found with NM events. No PLMS were associated with NM
events. For other types of leg movements which did not satisfy
the PLMS criteria (isolated LM or short duration of LM), 2/94 of
neck myoclonus in NREM sleep (2.1%) and 31/482 of neck myoclo-
nus in REM sleep (6.4%) accompanied with these other types of leg
movements. These other types of leg movements accompanying
with neck myoclonus were observed in three patients and occurred
in arousal response following neck myoclonus.

3.2. Clinical findings and patient diagnoses

Table 2 presents clinical information of the patients. Thirteen
patients (72.2%) complained of excessive daytime sleepiness at
the first visit. Of all 18 patients with NM, final diagnoses were
the following: sleep talking, n=2; REM sleep behavior disorder,
n=1; narcolepsy type 2, n=1; idiopathic hypersomnia, n=2;
insufficient sleep syndrome, n =3; mild obstructive sleep apnea,
n=2; sleep-related eating disorder, n=1; hypersomnolence not
otherwise specified, n = 6. Six patients who complained of exces-
sive daytime sleepiness but who exhibited no clear sleep disorder
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Fig. 1. Examples of neck myoclonus. Arrows indicate neck myclonus in REM sleep (a) and in NREM sleep (b). REM, rapid eye movement sleep; NREM, non-REM sleep, REOG,
right electrooculogram; LEOG, left electrooculogram; ECG, electrocardiogram; RAT, right anterior tibialis; LAT, left anterior tibialis.
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Table 1

Demographic and polysomnographic characteristics of the subject NM cases.
Number of patients 18
Number of female patients (%) 3(16.7)
Age (yr) 32.7 £15.1 (19-76)
BMI (kg/m2) 23.1+3.4(16.6-31.7)
ESS 14.3 £5.8 (4-22)

Heart rate (/min)

Systolic blood pressure (mmHg)
Dyastolic blood pressure (mmHg)
TST (min)

WASO (%SPT)

REM (%SPT)

N1 (%SPT)

N2 (%SPT)

N3 (%SPT)

72.6 +7.3 (60-86)

116 + 16 (88-146)

68 13 (38-92)

457.4 +55.6 (335-514.5)
9.3+7.8(2.3-31.5)

21.8 £5.6 (10.4-32)
10.6 +5.2 (4.1-25.5)
50.8 +8.1 (33.3-67.7)
7.5+4.5 (0-14.7)

AHI (/hr) 3.2£2.3 (1.0-9.0)
Al (/hr) 14.1 £ 6.6 (6.3-35.3)
RAI (/hr) 1.5%1.5 (0-4.8)
PLMI (/hr) 2.7 £7.4 (0-29.8)
PLMAI (/hr) 0.2 +0.6 (0-2.5)

SE (%) 88.9 £ 8.7 (66.5-97)

Phasic EMG activity during REM sleep (%)
Tonic EMG activity during REM sleep (%)

1.9.+2.6 (0-8.5)
0.3 +0.4 (0-1.2)

Total number of NM 576
Number of NM during NREM (%/total) 93 (16.1)
Number of NM during REM (%/total) 463 (83.9)

NM/NREM (n/hr)
NM/REM (n/hr)

1.0 + 1.4 (0-5.9)
15.5 +10.6 (1.8-43.3)

Values are expressed as average + standard deviation (range).

BMI, body mass index; ESS, Epworth Sleepiness Scale; TST, total sleep time; SPT,
sleep period time; WASO, wake after sleep onset; REM, rapid eye movement sleep;
AHI, apnea hypopnea index; Al, arousal index; RAI, respiratory arousal index; PLMI,
periodic limb movement index; PLMAI, periodic limb movement related arousal
index; SE, sleep efficiency; EMG, electromyogram; NM, neck myoclonus; NREM,
non-REM sleep

or difficulty other than NM were found. They were diagnosed as
having hypersomnolence not otherwise specified. From v-PSG
results, two patients showed symptoms such as sleep terrors
(shouting) during REM sleep; one showed dream enactment
behavior during REM. Five patients (27.8%) showed mild bruxism
during NREM sleep.

3.3. Heart rate change associated with neck myoclonus

Fig. 2 presents heart rates before and after neck myoclonus.
During REM sleep, the heart rate increased 20 s before NM without
cortical arousal and 50 s before NM with cortical arousal (p < 0.05,
respectively). The maximum heart rate increase reached 13% in NM
without cortical arousal. In contrast, the rate reached 18% in NM
with cortical arousal. During NREM sleep, no NM with cortical
arousal was detected. For NM without cortical arousal in NREM
sleep, the heart rate increased 20 s before NM onset (p < 0.05).
The rate of increase was as high as 13%, roughly equivalent to that
in REM sleep.

4. Discussion

This report is the first to describe a study eliciting a heart rate
increase accompanied with NM and clinical symptoms, with
detailed diagnosis of coexisting sleep disorders. Results showed a
13% heart rate increase from the average heart rate of 20 s before
the onset of NM without cortical arousal, and showed an 18% heart
rate increase 50 s before the onset of NM with cortical arousal.
Results show that NM was predominant during REM sleep (REM
sleep vs. NREM sleep: 83.9 vs. 16.1%). Results of v-PSG revealed
two patients who showed symptoms such as sleep terrors; one
patient showed dream enactment behavior during REM sleep. Six
patients who complained of excessive daytime sleepiness but
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who did not have sleep disorders or difficulties other than NM
showed excessive daytime sleepiness.

For these consecutive patients, NM was quite prevalent in
patients younger than 45 years old (83.3%) and was predominant
during REM sleep (83.9%). The NM index was 1.0 + 1.4/hr during
NREM sleep and 15.5 + 10.6/hr during REM sleep. This finding is
consistent with those of an earlier study, which comprehensively
assessed NM characteristics for 112 patients: the NM index was
higher in patients younger than 45 years old than in patients older
than 45 years old. Also, NM was common in REM sleep (Frauscher
et al.,, 2010). These characteristics were quite different from those
of PLMS or fragmentary myoclonus; these two diseases increase
with age and PLMS is common in NREM sleep (Frauscher et al.,
2011; American Academy of Sleep Medicine, 2014).

In this study, NM with cortical arousal was observed in 6.9% of
all NM events (only during REM sleep). None of the NM events
were accompanied with awakening. A recent Swiss study found
NM events associated with arousals to be 62.1% in total sleep,
60.7% in REM sleep, and 74.3% in NREM sleep (Wolfensberger
et al.,, 2019). In their study, 19.2% and 52.2% of NM events were
accompanied respectively with awakening and leg movements.
Compared with this study, NM events in our cases were less fre-
quently associated with arousals and awakenings. The Swiss study
selected patients with at least 5 video- confirmed NMs. In contrast,
we selected patients with at least one v-PSG confirmed NM. There-
fore, the present study might include more mildly affected patients
than the Swiss study. Other possible reason for this discrepancy
might be the younger subjects examined for the present study:
32.7 +15.1 vs. 36.0 £ 15.1 years of mean age; 5.6% vs. 27.3% of sub-
jects over 45 years of age. Additionally, the difference in comorbid
sleep disorders should also be considered. Of 11 patients examined
in the Swiss study, 5 were suspected of OSA and were ultimately
diagnosed as sleep-related breathing disorders including OSA,
snoring, and flow limitation. Sleep-disordered breathing of these
types can trigger sleep disruption, which might cause high arous-
ability because of NM. In contrast, of 18 patients examined for
the present study, 13 were suspected of narcolepsy; 12 were finally
diagnosed as having central disorders of hypersomnolence. The
effect of NM on sleep stability or daytime function can be inferred
as depending on patients’ underlying disease associated with sleep
propensity or sleep depth. Future studies of many more patients
can be conducted to clarify this issue.

The main finding in this study is that the heart rate increased in
association with NM events. The heart rate increased several tens
of seconds before NM events. The increase rate was higher in
NMs with cortical arousal than those without. To date, PLMS, iso-
lated LM or short-interval LM have been reported to be associated
with heart rate increase: the heart rate increased several seconds
before PLMS events (Ferri et al., 2017; Ferrillo et al., 2004). This
finding was also reportedly observed for isolated leg movements
(Ferri et al.,, 2007). Moreover, sympathetic hyperactivity and
changes in cortical electroencephalographic hyperactivity have
been associated with PLMS (Allena et al., 2009). These findings sug-
gest that autonomic nervous activity and relevant cortical activity
are associated with the pathophysiology of PLMS; the activity
might be linked to PLMS formation. In this study, NM events also
accompanied with heart rate increase although they were not asso-
ciated with PLMS at all. Given these findings, the heart rate
increase proceeding to NM might be associated with the patho-
physiology of NM. As NM is a more dynamic axial movement than
PLMS, the heralding autonomic activation is considered to be
stronger and occur earlier than that heralding PLMS. Among
patients with NM examined for the current study, some patients
showed 30 or more NM events. Moreover, the heart rate increases
accompanying NM events apparently occurred earlier and contin-
ued longer than those accompanying PLMS events. The pathologi-
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Table 2
Clinical information of the subject NM cases.
No. Sex Age ESS Chief complaint at the first Suspected Symptoms Medication Diagnosis Number of Number of
visit diagnosis [ Reason  confirmed on v- NM during NM during
for v-PSG PSG NREM REM
1 F 26 4 nocturnal body movements, NREM parasomnia  shouting during Varenicline sleep talking 0 52
sleep talking/shouting REM
2 M 22 11 daytime sleepiness narcolepsy shouting during narcolepsy type 2 10 79
REM
3 M 32 6 sleep talking, elementary insomnia sleep talking 8 34
movements during sleep,
insomnia
4 M 26 15 daytime sleepiness, difficulty  narcolepsy, CRSWD hypersomnia not 0 29
awakening otherwise
specified
5 M 24 13  daytime sleepiness narcolepsy bruxism during hypersomnia not 1 16
NREM (0.35/hr) otherwise
specified
6 M 40 10 nocturnal eating SRED SRED 0 9
7 M 57 13 nocturnal abnormal behavior, =~ RBD ISS 1 9
insufficient sleep
8 M 26 17  daytime sleepiness narcolepsy bruxism during hypersomnia not 10 35
NREM (0.12/hr) otherwise
specified
9 M 22 21  daytime sleepiness, , difficulty narcolepsy, CRSWD [HS with LST 0 40
awakening
10 M 21 21 daytime sleepiness narcolepsy bruxism during ISS 5 22
NREM (0.61/hr)
1 M 76 4 nocturnal abnormal behavior =~ RBD, NREM talking during RBD 29 30
parasomnia REM, DEB
12 M 24 13 daytime sleepiness narcolepsy bruxism during hypersomnia not 13 17
NREM (0.17/hr) otherwise
specified
13 M 27 18  daytime sleepiness narcolepsy AHI = 7.0/hr mild OSA 7 23
14 M 22 21  daytime sleepiness, difficulty =~ narcolepsy bruxism during ISS 3 19
maintaining sleep NREM (2.58/hr)
15 M 55 10  daytime sleepiness narcolepsy AHI = 9.0/hr mild OSA 0 3
16 F 19 22 daytime sleepiness narcolepsy hypersomnia not 3 47
otherwise
specified
17 M 28 22 daytime sleepiness narcolepsy hypersomnia not 0 13
otherwise
specified
18 F 42 17  daytime sleepiness narcolepsy IHS w/o LST 3 6

ESS, Epworth Sleepiness Scale; v-PSG, video polysomnography; REM, rapid eye movement sleep; NREM, non-REM sleep; CRSWD, circadian rhythm sleep wake disorder;
SRED, sleep related eating disorder; RBD, REM sleep behavior disorder; DEB, dream enactment behavior; AHI, apnea hypopnea index; OSA, obstructive sleep apnea; ISS,

insufficient sleep syndrome; IHS, idiopathic hypersomnia, LST, long sleep time.

cal level of NM cannot be ascertained from these findings. How-
ever, frequent NMs might disrupt restorative sleep because of their
dynamic autonomic arousal.

From results of the present study, six patients who had no sleep
disorder or difficulty other than 20 or more NM events, in whom all
the NM events with cortical arousal were detected, were reported
to have excessive daytime sleepiness (ESS > 11). Although further
analyses comparing their daytime sleepiness with control’s should
be conducted, this result may possibly suggest that NM can be
associated with sleep disruption and with subsequent subjective
un-restorative sleep or daytime sleepiness. Moreover, other than
an elderly patient diagnosed with RBD, two young subjects had
sleep talking or sleep terror-like symptoms (shouting) during
REM sleep. Comorbid conditions such as obstructive sleep apnea,
PLMS, and chronic pain are known to induce or exacerbate sleep
fragmentation and subsequently to promote or trigger NREM para-
somnia episodes (Castelnovo et al.,, 2018). In some cases, NM
events may possibly provoke incomplete awakening and trigger
sleep talking, shouting, and dream enactment behaviors during
REM sleep, albeit that this small retrospective study cannot clarify
causal relationship. To clarify this issue, further large study is
needed. Regarding bruxism, the NM episodes were not associated
with bruxism: all bruxism events occurred during NREM sleep.

Several limitations should be explained along with these study
results. This small retrospective study was unable to clarify a causal
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relation between NM and daytime function or nocturnal symptoms.
In addition, a lack of normal controls limits to generalize of the cur-
rent results, heart rate and clinical characteristics, for NM patients.
Additionally, we selected the patients from consecutive patients
who showed neck myoclonus in v-PSG recordings accumulated dur-
ing April 2016 through April 2018; however, all the selected patients
had a complaints of sleep disorders e.g., excessive daytime sleepiness
or nocturnal behaviors, and those who had medications possibly
influencing motor symptoms were excluded. The small and specifi-
cally selected patient group from a single center limits to conclude
that the present findings are related to neck myoclonus per se. A fur-
ther investigation for more patients with NMs using a control group
is warranted. Furthermore, in this study no NM events accompanied
by awakenings. This is possibly because NM events accompanied by
awakenings were excluded as the 11 un-scorable epochs. Finally, this
study was unable to compare the impact of leg movements accompa-
nied with NM on heart rate, because quite small number of leg move-
ments were found in this small study (2.1% of NMs in NREM sleep
and 6.4% of NMs in REM sleep of total NM events); all the NMs with
leg movements occurred in arousal response following NM. There-
fore, we unfortunately could not analyze, standardize, and compare
the heart rate change with NM with and without leg movements sep-
arating from arousal response. In future large study, comparison
among various types of neck myoclonus (with arousal, with leg
movements or with PLMS) is warranted.
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Fig. 2. Heart rate change before and after NM onset. REM, rapid eye movement sleep; NREM, non-REM sleep; NM, neck myoclonus. Y-axis represents the increase rate of
heart rate and x-axis represents seconds. Vertical solid line represents the onset of NM; vertical dotted line represents the point of increased heart rate (*p < 0.05, repeated

measured ANOVA).

5. Conclusions

Results showed that heart rate increased with NM events. The
rate of increase was higher in NM with cortical arousal than in
those without: NM could be associated with excessive daytime
sleepiness or parasomnia-like symptoms, possibly because of
incomplete arousal during REM sleep. Clarification of detailed
information about nocturnal symptoms observed in patients with
NM should be accumulated. Further investigation of causal rela-
tions between daytime function and NM is warranted.
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