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Spindles and brain activity in the spindle frequency range during human stage 2
sleep
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Introduction:

Sleep stages are usually defined through quantification of the presence of large graphoelements in
the EEG, i.e. NREM stage 2 (NREM2) is defined by the presence of spindles and K-complexes. These
large graphoelements appear similar in the EEG as paroxysmal events, and there is more than a
suspicion that the same underlying mechanisms may generate the large sleep graphoelements and
some forms of epileptic activity [1]. We used whole night sleep MEG recordings to study the quiet
(core) periods without large graphoelements of each sleep stage that until then received little
attention [2]. The core period of each sleep stage was characterized by changes in activity
compared to the awake state in well-defined brain areas either over a wide frequency band
(dominated by low frequencies, below the alpha band) or in the gamma band (25 - 90 Hz). The most
striking change was the gamma band in the Left medial Dorsal Prefrontal Cortex (L-mDPFC) that was
consistently higher during sleep than in the awake state and increased from NREM2 to NREM4 and
culminated with highest activity during REM sleep [2]. Recent findings implicate damage to this area
in insomnia [3] and in consolidation and other memory related functions [4].

There is a growing interest in NREM stage 2 sleep [5] and specifically sleep spindles. Spindles are
often implicated in memory consolidation [6] and more recently as indicators for the integrity of brain
function and possibly recovery after stroke and brain injury [7,8]. We report here our recent results
for activity during NREM2 in the spindle frequency range (11 - 16 Hz) in normal subjects and stroke
patients.

Methods:

The whole head MEG hardware at the Brain Science Institute, RIKEN was used to record the MEG
signal from four normal subjects [2]. For each subject and for each of the sleep stages NREM1-4,
REM and for the awake state with eyes closed before sleep (ECW) 10 noise-free, 4-second long
segments of data without any large graphoelements were identified. The data were analyzed with
magnetic field tomography (MFT) [9], producing an independent tomographic estimate of activity for
each timeslice of MEG data. Statistical analysis of the MFT solutions identified for each sleep stage
brain areas with significant changes of activity compared to ECW. Separate computations were
made for wide band activity (dominated by low frequencies, below the alpha band) and for the
activity in the gamma band (25 - 90 Hz). Here, we focus on the activity during NREM2 in the spindle
range of frequencies (11 - 16 Hz), separately for sleep spindle periods and for the quiet (core)
periods.

Results:

During sleep spindles the activity in the 11 - 16 Hz band is widely distributed with hot spots around
the central sulcus, parietal and prefrontal cortex, anterior and motor cingulate. We observe the
same pattern of spindle activity in the contra-lesional hemisphere of stroke patients but reduced
spindle activity in the ipsi-lesional hemisphere. Frequency and amplitude, cortical activation source
strengths of spindles reduce after brain injury, and significantly increase in relation to the recovery
of cognitive functions [8]. In normal subjects the 11-16 Hz activity during the core NREM2 periods is
confined to parts of the thalamus, limbic system and in the same L-mDPFC area that has the highest
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gamma band activity during REM sleep (Fig. 1).

Fig.1: Activity in the spindle frequency range shown in a
left paramedical sagittal plane. The red area highlighted
by a yellow outline is the area with higher activity in the
spindle band during quiet (core) periods of NREM2 sleep
compared to the ECW. The blue area highlighted by a red
dashed outline is the area with lower activity. The white
and green outlines delineate the areas with high gamma
band activity during REM identified in our earlier work [2].
All results show overlap of statistically significant changes
in activity in all subjects. Note that the area with high
activity in the spindle band during NREM2 is entirely
within the L-mDPFC area (white contour).

Conclusions:

The large and easily recognizable graphoelements in NREM2 may be paroxysmal-like responses of
subtler activity during the more quiet NREM2 core periods. We speculate that further study of the
core periods of NREM2 may throw light on the role of spindles and may also provide useful clues
about the state of the damaged brain and specifically lead to biomarkers for recovery after stroke
and brain injury.
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