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SPN: subplate neuron

SAT: spontaneous activity transients

NICU: neonatal intensive care unit
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Abstract

Delta brush, a well-known characteristic waveform of the human preterm electroencephalogram, 

represents spontaneous electrical activity. Recent experimental animal model evidence suggests 

that delta brushes are not only spontaneous intrinsic activity but are also evoked by external 

sensory stimulation or spontaneous movement. Additionally, delta brushes are likely to reflect the 

activity of subplate neurons, which also play an important role in early brain development and 

network organization. Here, evidence about delta brush in human preterm electroencephalogram is 

provided along with future perspectives. 
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Introduction 

Spontaneous brain activity is crucial for early brain development, including neurogenesis, 

neuronal migration, cortical architecture, and network formation. Electrical activity is the driving 

force of brain development and strongly regulates neural genes. Delta brush, a well-known 

characteristic waveform of the human preterm electroencephalogram (EEG), represents 

spontaneous electrical activity. 

Neonatal EEG has been extensively studied, even in preterm infants. The preterm EEG 

provides useful information about brain damage,1,2 seizures,3 and prognosis.4 An EEG offers 

functional aspects that cannot be obtained from neuroimaging, such as ultrasound and magnetic 

resonance imaging. Additionally, the EEG reflects rapid brain development in the third trimester, 

so 2-week differences in brain maturation can be distinguished.5 Nevertheless, traditional 

interpretations of preterm EEG have been revised with increasing evidence from experimental 

animal studies.6 One of the most important findings is that spindle bursts in rodents (and delta 

brush in humans) are not only intrinsic spontaneous activity but are also induced by external 

stimulation.7 In this review, the importance of delta brush during early human brain development 

is emphasized and an interpretation of preterm EEG is described. 

EEG characteristics during the preterm period 

In humans, dynamic maturational changes on preterm EEG are traditionally assessed based on 

several components of continuity of background activity, asynchrony, frequency and amplitude of 

delta waves, the appearance of age-specific waveforms, and the occurrence of brushes.8-10 The 

earliest and immature EEG activity appears as intermittent burst activity interrupted by low A
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voltage attenuation (i.e., interbursts), called “tracé discontinu”. This discontinuous pattern 

gradually shifts to a continuous pattern ranging from 20% continuity at 24 weeks of postmenstrual 

age (PMA) to 80% continuity at 40 weeks of PMA, and the interburst interval become shorter with 

PMA. Interestingly, EEG from fetal monkeys, newborn cats, and ferrets at ages corresponding to 

human brain development during the second and third trimesters of gestation demonstrate similar 

discontinuous activity patterns. 

Additionally, delta waves observed in the intermittent tracé discontinu bursts are 

characteristic of high amplitude ultra-slow waves: amplitude reaches 300 µV at a frequency of 0.5 

Hz. These delta waves become smaller with PMA, as amplitude decreases and frequency increases. 

These maturational changes are based on the increased complexity of cortical gyration, cortical 

architecture, and synaptogenesis. Furthermore, several age-specific rhythmic patterns of activity 

are recognized on the preterm EEG, such as frontal sharp bursts and occipital theta bursts (sharp 

theta on the occipitals of premature infants) until 30 weeks of PMA, premature temporal theta 

between 28 and 32 weeks of PMA, and frontal sharp transients (encoches frontales) and frontal 

slow bursts (slow anterior dysrhythmia) between 36 and 44 weeks. Although the 

neurophysiological mechanisms generating these PMA-specific rhythmic activities remain unclear, 

they must be related to regional brain development in an age-specific manner. 

Delta brush in human EEG

Delta brush is a hallmark of EEG in preterm infants and has been recognized as a well-known 

indicator for evaluating brain maturation and activity. It consists of a high amplitude slow wave 

with superimposed alpha/beta fast wave, called the “brush” (Figure 2). Brush or delta brush has 

been called “spindle-shaped bursts of fast waves”, 11 “spindle-like fast rhythms”, 12 “ripples of 

prematurity” 13 or “spindle delta bursts”, 14 and “beta-delta complex”. 15 However, “delta” and A
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“brush” are likely to differ in their source; the former reflects thalamic input to the cortical 

neurons (layer 4) and the latter indicates cortical activity amplified by subplate neurons (SPNs). 

The earliest activity patterns in the somatosensory rat barrel cortex during the first days of life are 

the intermittent “smooth” delta waves. Spindle bursts are superimposed on delta waves during the 

next developmental stage, which is consistent with the development of human preterm EEG. 

Experimental animal studies further support this hypothesis as follows: 1) some medications 

diminish spindle bursts only; 2) tactile stimulation promotes delta waves only, whereas 

propriospinal stimulation promotes spindle bursts only.16 For these reasons, brush is the term used 

in the following sections of this review, which is more likely to reflect a specific aspect of brain 

development. 

Brush 

A brush is a physiological spindle-like fast wave observed on the human preterm EEG. It is 

defined as a rhythmic fast wave with a frequency of 8–25 Hz (typically 13–20 Hz), at an 

amplitude of 20–200 µV, and a duration of 0.3–1.2 s, occasionally waxing and waning. A brush is 

usually on a steeply ascending slope of delta waves. Brushes are visible on re-filtered EEGs using 

a digital EEG system, as shown in Figure 2. Some authors have reported that peak brush frequency 

increases to 12–14 Hz at 27 weeks  and 14–16 Hz at 28–32 weeks, peaking at 16–20 Hz at 32–35 

weeks, and falling to 10–15 Hz beginning at 36 weeks of PMA.17

Figure 3 shows a schematic trajectory of the occurrence of brushes on the human preterm 

EEG. Brushes can be seen beginning at 22 weeks (<1/min), but typically start at PMA 28 weeks. 

In 1972, Watanabe et al. reported the total number of spindle-like fast rhythms (i.e., brushes) in a 

5-min period during both vigilance states of active and quiet sleep.12 They showed that brushes are 

more frequently observed at PMA 31–32 weeks and then disappear by term. Observations of A
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brushes between 26 and 32 weeks occur more in active sleep than in quiet sleep, while at 35–36 

weeks more brushes occur during quiet sleep than active sleep.12 Brushes are dominant in the 

central region until 30 weeks of PMA. After 30 weeks PMA, brushes are dominant in the temporal 

and occipital areas. Some brushes are observed locally only in a single electrode, but others are 

more regionally synchronized even in corresponding areas of both hemispheres. Arichi et al. 

studied the source of delta brushes in a human preterm EEG using simultaneous EEG-fMRI. They 

reported that the most frequent locations for delta brushes were posterior-temporal delta brushes in 

late preterm infants (median PMA at data collection 35+1 weeks), which were associated with 

ipsilateral BOLD activation in the temporal pole and insula cortices, one of the most densely 

connected hubs in the developing cortex.18 Although the insula may play an important role in 

generating posterior-temporal delta brushes, further study is necessary for generalization. 

What does the brush reflect?

Recent experimental animal studies have shown that SPNs are involved in the expression of 

“spindle bursts” on EEGs,19,20 which are electrographically (i.e., morphology, frequency, and 

duration) similar to brushes on human preterm EEGs. Brushes in humans are an EEG 

characteristic recorded from the scalp EEG, while spindle bursts in rodents are electrical activities 

recorded from intracortical depth electrodes. However, brushes in humans are hypothesized to be 

homologous with spindles bursts in rodents based on the following: 1) both features are observed 

during a similar developmental stage, and brain rhythms are well preserved in mammals,21 and 2) 

both are triggered by sensory stimulation in a topologically specific manner. In both rodents and 

humans, various types of stimuli (i.e., tactile, auditory, visual, and noxious) evoke similar fast 

waves at specific regions corresponding to each primary sensory cortex. Khazipov et al. 

demonstrated in rodents that spindle bursts followed spontaneous limb twitches and limb A
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stimulation 100–200 ms later by stimulation.7 Disrupting external stimulation decreases spindle 

bursts but does not completely stop the incidence of spindle bursts, indicating the existence of 

stimulation-unrelated spontaneous brain activity. Milh et al. demonstrated similar findings in 

human preterm infants, showing that sporadic hand and foot movements heralded the appearance 

of delta brushes (average: 100–200 ms delay) in the lateral and medial regions of the contralateral 

central cortex and that external hand and foot stimulation also reliably evoked delta brushes in the 

same areas.22 These results suggest that self-generated human fetal movements provide sensory 

feedback and drive delta brushes in the developing somatosensory cortex, contributing to the 

formation of cortical body maps.22 Additionally, whisker movements in newborn rats trigger 

spindle bursts more often during active sleep than wake time.23 These results indicate that twitches 

and rapid eye movements occurring during active sleep are important for cortical activity and early 

brain development in humans. Delta brushes are also reliably evoked by auditory and visual 

stimulation in the temporal and occipital cortical regions, respectively. Chipaux et al. reported that 

auditory evoked delta brushes are present during active and quiet sleep and occur before 35 weeks 

PMA in response to both verbal and non-verbal stimuli.24 Colonnese et al. also reported that light 

flashes evoke delta brushes from occipital electrodes but light flashes no longer evoke delta 

brushes after 36 weeks of PMA.25 Such phenomena can be seen in the daily neonatal intensive 

care unit (NICU) practice. Figure 4 represents a flash-induced brush on the occipital area during 

quiet sleep in a preterm infant receiving phototherapy for neonatal jaundice. Once the light was 

switched on, the occipital brushes were no longer enhanced under phototherapy. Fabrizi et al. 

further reported that noxious and tactile stimulation of the body triggers the same delta brushes but 

with greater incidence after noxious stimulation than after tactile stimulation. They also showed 

that touch and a noxious lance of the heel evoke adult-like characteristic somatosensory potentials, 

instead of delta brushes after 35–37 weeks PMA.26 A
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Recent studies further show that these fast waves reflect cortical activities amplified by 

SPNs. The subplate is located at the junction of white and grey matter and is a transient 

compartment in the fetal cerebral wall composed of post-migratory and migratory neurons, glia, 

and growing axonal plexi.27 In humans, the subplate is thickest between 28 and 34 weeks PMA, 

when it is 4–5 times thicker than the cortical plate, and thereafter most SPNs disappear toward 

term. SPNs receive thalamic inputs and project into the developing cortical plate. SPNs are 

necessary for correct thalamocortical axon ingrowth, large-scale connectivity, microcircuitry, and 

synaptogenesis.28 A recent in vitro study on SPNs using postmortem human fetal tissue showed 

that human SPNs comprise sustained plateau depolarizations and bursts of action potentials.29 

Therefore, it is possible that the “tracé discontinu” in preterm infants largely reflects the 

physiological function of the SPNs. Selective removal of the subplates in rodents prevents spindle 

bursts and normal barrel formation.20 Hypoxic-ischemic brain injury causes a loss of spindle bursts 

associated with impaired dendrite and spine development and decreases barrel cortex structural 

plasticity.30 Therefore, the disturbance may be a pathogenic factor in many neurodevelopmental 

disorders, including autism, schizophrenia, and epilepsy in humans. 

     Although brushes on EEG of preterm infants are morphologically similar to sleep spindles 

seen during N2 sleep in children and adults, these two waveforms are generated from different 

underlying mechanisms. A sleep spindle is a hallmark of a normal sleeping pattern during 

non-REM sleep and appears at 2 months of age. The sleep spindle is likely to be generated from 

the thalamic reticular nucleus and thalamocortical loops after these networks are established.31

Furthermore, when we searched the word “delta brush” via the internet, we found the term 

“extreme delta brushes”. These are unique electrographic patterns characterized by rhythmic delta 

activity at 1–3 Hz with superimposed bursts of rhythmic 20–30 Hz beta frequency activity riding 

on each delta wave seen in patients with anti-NMDA receptor encephalitis.32 The name was A
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referred from the preterm EEG pattern known as delta brush. However, the extreme delta brush 

pattern typically appears as a nearly continuous combination of delta activity with superimposed 

fast activity, which is most often symmetric and synchronous, typically seen broadly across all 

head regions. The etiology of the extreme delta brush pattern remains unclear but certainly differs 

from that of delta brushes in preterm EEG, as discussed above. 

Clinical evidence assessing delta brushes or brushes in humans

Delta brushes play an essential role in brain development. Changes in occurrence and morphology 

have been speculated to be associated with aberrant brain development and unfavorable brain 

functioning. However, the associations identified between delta brush and neurodevelopmental 

outcomes are surprisingly limited in humans. Some researchers have referred to “spontaneous 

activity transients (SATs)”.33 SATs are an intermittent slow oscillation pattern comprised of burst 

activity nested in slow and fast waves including delta brushes. Benders et al. reported that early 

EEG activity within 72 hours after the birth of human preterm infants is important for brain 

growth measured by volumetric MRI at term.34 They investigated a minimal number of SAT 

events and maximal interburst intervals. Iyer et al. further reported that early cortical bursts within 

72 hours predict mental development in extremely preterm infants.35 Investigators have used the 

term SAT to mean delta brushes; however, SAT and delta brushes seem to differ: SAT refers to 

global, transient brain activity, whereas delta brush refers to a single local event often evoked by 

peripheral stimulation. 

Mechanical brushes on standard EEG or abnormal brushes on re-filtered EEG (low-cut filter 

set at 10 Hz), defined as spiky, high-amplitude brushes, have been reported in association with 

white matter injuries, particularly periventricular leukomalacia.36,37 These brushes are a 

component of disorganized pattern seen during the recovery phase and are typically accompanied A
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by other elements of abnormal sharp waves and/or deformed delta waves. The reason why white 

matter injuries lead to transient increases in mechanical/abnormal brushes, particularly in occipital 

areas, during the recovery phase remains unknown. It may result from disruption of inhibitory 

mechanisms, such as the callosal connection, as shown in a rodent study.16 Various confounders 

are recognized when delta brushes are analyzed quantitatively, particularly after an acute brain 

insult and its time course. For example, delta brushes decrease in incidence and amplitude during 

the acute phase after brain damage. Delta brushes increase as abnormal brushes and, thereafter, 

they normalize during the recovery phase (Figure 5).37 Other confounding factors include sleep 

stage, PMA, and medication. 

     Additionally, some medications commonly used in the NICU may affect delta brushes. 

Grieve et al.38 reported that serotonin selective reuptake inhibitors during pregnancy or maternal 

depression alter characteristics of EEG delta brushes measured at an average age of 44 weeks 

PMA. The authors speculated that the increases in amplitude and frequency of the delta brushes 

suggested delayed maturation, supported by an animal study reporting that the serotonin selective 

reuptake inhibitor citalopram inhibits spontaneous activity in the neonatal rat.39

Future challenges

If delta brushes reflect a group of cortical neuronal activities derived from thalamic input and 

subplate input during early development, they would be a clinical marker for later 

neurodevelopmental impairment, including cognitive and behavioral challenges in premature 

infants. We should further clarify the association using a more sophisticated quantitative analysis 

of delta brushes or brushes on human EEG. Additionally, preterm infants suffer from various 

deleterious and excessive stimulations in the NICU (e.g., alarm sounds, painful procedures, 

excessive touch, and light),40-42 which may evoke excessive delta brushes, although we do not A
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know how often physiological delta brushes derived from such external stimulation and from 

internal activities in human preterm infants occur. In contrast, early habilitation or exposure, 

including skin-to-skin care,43 massage 44 and music therapy,45 and exposure to adult words in the 

NICU46 promote favorable neurodevelopment in preterm infants, which may be mediated by the 

electrical activity of delta brush. Prolonged analgesia and sedatives alter brain development and 

function,47 which may result from inhibiting delta brushes or brushes during the preterm period, 

despite little evidence about the associations. Finally, most studies have not investigated the 

state-dependent effect and brain networks. Active sleep is important for movement-related sensory 

feedback, as it may promote cortical development more than awake and quiet sleep. 

In conclusion

Delta brushes are a hallmark of EEG in human preterm infants. Recent evidence suggests that 

delta brushes are not only spontaneous intrinsic electrical activities but are also evoked by external 

sensory stimulation or spontaneous movement, which promotes early brain circuitry. Additionally, 

delta brushes reflect the activity of SPNs, which also play an important role in early brain 

development and network organization. Neurophysiological monitoring of delta brushes or 

brushes will become important to assess on-going brain maturation and damage, to evaluate the 

effect of early intervention, and to provide prognostic information for human preterm infants.
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Figure legends

Figure 1. EEG recording in a preterm infant who required respiratory support. 

Figure 2. Delta brushes on the preterm EEG

A: Delta brushes are observed on the T4 area of a conventional EEG record performed at a 

postmenstrual age of 32 weeks. 

B: Brushes are more clearly visible on the same area in a re-filtered EEG (low-cut filter set at 10 

Hz). 

Figure 3. The trajectory of the incidence of delta brush on preterm EEG.

Figure 4. Delta brushes derived from photic stimulation by phototherapy in the NICU. 

A preterm-born boy whose gestational age was 30+5 weeks at birth underwent conventional EEG 

in the incubator at 31+3 weeks of postmenstrual age. Phototherapy was activated during the 

recording of quiet sleep (A). A delta brush was evoked in the left occipital electrode (O1), with a 

delay of 100–200 ms after stimulation (B), followed by several delta brushes in different areas 

independently, but nested in a single burst of activity. The fast activity component of the brush is 

more clearly visible in the re-filtered EEG (low-cut filter set at 10 Hz, C). 

Figure 5. Schematic representation of the time course of EEG abnormalities and the 

incidence of brushes. 
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