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ABSTRACT

A burst-suppression pattern is an electroencephalographic pattern characterized by a
quasi-periodic high amplitude “burst” alternating with periods of low or flatline “suppression.”
Recognizing and understanding this pattern is helpful for clinical management in intensive care
units. Pathological burst-suppression is commonly seen in post cardiac arrest comatose patients.
It can also be induced by anesthetics or hypothermia. A burst-suppression pattern in anoxic
brain injury generally predicts a poor prognosis; however, exceptions do occur. Inducing burst-
suppression by general anesthetics can be used to abort super-refractory status epilepticus.
This article will discuss this unique EEG pattern, including basic mechanisms, related clinical

conditions, and recent research updates.
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INTRODUCTION

A burst-suppression pattern (BSP) is a unique
electroencephalography pattern commonly encoun-
tered in intensive care units. The BSP occurs in the
context of diffuse cerebral dysfunction with coma and
indicates a clinical severity that is greater than gener-
alized slowing but is less severe than electrocerebral
inactivity. It is typically associated with a comatose
state secondary to several pathophysiological etiolo-
gies, including anoxic brain injury, induced hypother-
mia, end stage status epilepticus, severe epileptic
encephalopathies of infancy and anesthesia. The BSP
was first noticed and described in the 1930-1940s;
however, the mechanism and clinical significance still
remain unclear. The purpose of this article is to explain
this EEG pattern by discussing its recognition, mecha-
nism(s), and related clinical conditions. Understanding
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this EEG pattern is important for both neurologists and
critical care specialists.

DESCRIPTION AND DISTINGUISHING FEATURES

The BSP is an electroencephalography pattern con-
sisting of a quasi-periodic high amplitude “burst” alternat-
ing with periods of low or absent activity “suppression.”
This pattern is unique due to the abrupt change of ampli-
tude between burst and suppression periods. '

1. AMPLITUDES

The amplitude of burst usually can vary from 20 yVv
to 100 pV while occasionally being out of this range.
The amplitude of suppression is within the range from
electrocerebral inactivity to 50 yV but is commonly
less than 10 pV.

2. DuraTtiON

A BSP is considered when more than 50% of the
recording consists of suppression. Bursts are defined
as waveforms lasting more than 0.5 seconds and
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having at least 4 phases (i.e., crosses the baseline at
least 3 times).

3. EEG DIFFERENTIATION WITH GENERALIZED
PERIODIC DISCHARGE

Generalized periodic discharges (GPDs) are gen-
eralized, synchronized discharges that include spikes
and sharps that recur at certain intervals. Some of the
clinical conditions overlap with BSP thus making recog-
nition of this pattern essential since it can change clinical
management. Generalized periodic discharge pattern
can occur in various pathological conditions, includ-
ing anoxic encephalopathy, severe toxic-metabolic
encephalopathy, hypothermia, non-convulsive status
epilepticus, and infection, e.g., subacute sclerosing
panencephalopathy.® According to American Clinical
Neurophysiology Society terminology, discharges in
GPDs are defined as waveforms with no more than
3 phases or any waveform lasting 0.5 seconds or
less, regardless of number of phases. This is different
from bursts in the BSP.* Generally, GPD waveforms
are briefer and more consistent in morphology across
recurrences than the BSP.

PHYSIOLOGY AND MECHANISM OF
BURST-SUPPRESSION

Studies have suggested that BSP is related to cor-
tical hyperexcitability and has wide synchronization
over the whole neocortex.® Recent studies with the use
of fMRI indicated correlation of cortical and subcortical
region during burst-suppression.® Neurophysiological
mechanisms are complex, including NMDA receptors,
gap junction transmission, extracellular Ca*" concen-
tration, ATP deficiency, and selective neuronal death.”

During anesthesia, bursts, or breakthrough EEG
activity, are caused by intact glutamate-mediated
excitatory input of the neocortex, while cortical activity
is suppressed via GABAergic mechanisms. Bursts are
followed by a period of suppression, or a post-burst
refractory period, by intrinsic inhibitory currents related
to depleted extracellular calcium concentrations.?®

In vivo studies have suggested that burst-
suppression is a state of cortical hyperexcitability.

Increased extracellular calcium concentrations tran-
siently enhance cortical synaptic processes, lead-
ing to bursts. Depletion of calcium contributes to the
reduced spontaneous firing of neurons thus leading
to periods of suppression. One hypothesis indicated
that BSP may reflect an intrinsic rescue mechanism
for saving neural cells from death in “hostile” CNS dis-
orders, such as anoxic injury'®

CLINICAL SIGNIFICANCE

The BSP can be physiological, such as during early
development (premature brain) or pathological, such
as post cardiac arrest anoxic brain injury and severe
epileptic encephalopathies of infancy (Ohtahara syn-
drome). Also, it can be induced by anesthetics or
hypothermia.'?

1. BSP AFTER CARDIAC-ARREST

The BSP is typically seen in comatose patients
with diffuse cerebral dysfunction in anoxic brain injury/
post-cardiac arrest. It is usually considered a malig-
nant EEG pattern with strong association with a
poor prognosis.''* Other unfavorable EEG patterns
include iso-electric (flatline) and low-voltage (<20 pV).

However, recent data revealed that specificity of a
BSP for a poor prognosis, especially within 24 hours
of cardiac arrest, is less than 100%. In a prospective
cohort study, 60 patients underwent hypothermia pro-
tocol, and BSP after 24 hours was indicative for poor
prognosis with specificity of 96%.'® Another study
revealed poor neurological outcomes with specificity of
83%, 90.3%, 100%, and 100% at 12 hours, 24 hours,
48 hours, and 72 hours post-cardiac arrest, respec-
tively.'® Moreover, in one study, 3 patients with initial
BSP had favorable outcomes after more than 2 weeks
of post-anoxic coma.!” Thus more studies are needed
regarding the characteristic and predictive value of this
EEG pattern.

The general principle is that longer suppression
is associated with poorer outcomes in post-anoxic
coma. With the worsening of comatose state, BSP will
evolve into suppressed EEG interrupting continuous
slow waves and the suppression periods will become
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Table 1. Anesthetics Used to Induce BSP for Super-refractory Status Epilepticus

Anesthetics | Mechanism Dosing Pros Cons
Propofol GABA, agonist | Initial bolus: 2-3 mg/kg, Shorter recovery time; | Relapses of seizure;
Maintenance: 1-19 mg/kg/h. | Shorter ventilator, ICU, | Hypotension;
and hospital stay Propofol infusion syndrome
Thiopental GABA, agonist | Induce with bolus: 5 mg/kg, | Lower frequency of Longer recovery time,
then bolus: 1 mg/kg every short-term treatment Longer ICU and hospital stay;
3-5 min until BS achieved. | failure; Increased risk of infection;
Maintenance: 5 mg/kg/h Reduced intracranial Hypotension(worse than
and titrate. Median infusion | pressure propofol and midazolam)
rate is 7 mg/kg/h
Midazolam | Binds to GABA | Bolus: 0.15-0.5 mg/kg, Better hemodynamic Less treatment response;
benzodiazepine | Maintenance: 0.15-0.5 mg/kg | stability Difficult to achieve BS
receptor

BS-burst suppression.

longer, which eventually become non-reactivity inter-
rupted with scattered bursts.

Burst-suppression with identical bursts is a recent
concept that is exclusively observed in patients with
post-cardiac arrest anoxic brain injury. One study
found 20% of 101 patients with post-cardiac arrest
coma showing identical bursts between 12 to 36 hours
after arrest. One-hundred percent with this type of EEG
versus 36% with BSP but not identical bursts had poor
neurological outcomes. Also, this distinctive pattern is
not observed in other pathological etiologies or anes-
thesia-induced burst-suppression.' Another recent
study confirmed similar findings that identical bursts
are associated with poor neurological outcomes with
100% specificity.’® These recent studies suggest that
identical burst patterns likely have higher specificity
for predicting a poor prognosis than BSP in general.

2. BURST-SUPPRESSION PATTERN INDUCED BY
GENERAL ANESTHETICS

ABSP indicates severe reduction in neuronal activ-
ity and metabolic rate,?® achieved at generally very
deep levels of anesthesia."?'?? Anesthetic-induced
BSPs are hypothesized to be a result of hyperexcita-
ble intrinsic neocortex activity generated by decreased
inhibition. Bispectral Index Numbers range from 7 + 5,

14 + 3, and 37 + 12, when the EEG showed <2, 3-5,
and >6 bursts/min, respectively.?

Pharmacological burst-suppression may provide
neuroprotection in intractable epilepsy. In refractory
status epilepticus, continuous intravenous anesthet-
ics are titrated to abolish all clinical and electrographic
epileptic activity to the dosage necessary to achieve
BSP on the EEG.**

Although no randomized controlled trials have
been conducted, the most commonly used anesthetics
in refractory status epilepticus treatment include barbi-
turates (pentobarbital, %2 methohexital,?” sodium thio-
pental®), propofol, and midazolam. These anesthetics
exert their sedative effects chiefly through activation
of the GABA(A) receptor.?® Gaseous anesthetics,
including sevoflurane,® isoflurane,*' and desflurane,
have also been noted to produce BSP, yet therapeutic
usage for status epilepticus is discouraged due to its
severe side effect profile (Table 1).2° Continuous EEG
is essential for monitoring the response to the anes-
thetics and during the tapering.3233

CONCLUSIONS

A BSP can be induced by anesthetics and hypo-
thermia. Anesthetics can be used to induce burst-
suppression in the treatment of super-refractory status
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epilepticus. When it occurs after cardiac arrest, the
BSP predicts a poor prognosis. Recognizing this EEG
pattern will help guide clinical management and pre-
dict prognosis.
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