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Abstract

Purpose of this review  This review presents current therapy for seizures in the intensive 
care unit. The reader is provided with recent evidence regarding the use of EEG in deter‑
mining treatment for acute seizures. Proposed treatment approaches for seizures and 
status epilepticus are provided. Controversies and complexity of selecting treatments are 
discussed.
Recent findings  Critical Care EEG Monitoring Research Consortium analyzed the associa‑
tion of periodic and rhythmic electroencephalographic patterns with seizures and found 
that lateralized and generalized periodic discharges and lateralized rhythmic delta were 
associated with increased seizure risk. Applications using modified EEG techniques have 
demonstrated more rapid feedback to the ICU than was previously possible.
Summary  Accurate diagnosis and efficient treatment of seizures in the ICU is challenging 
due to patient factors, complexities of antiepileptic drug therapy, and the required exper‑
tise for EEG interpretation. Selection of optimally effective therapy for seizures or status 
epilepticus depends on multiple factors, making collaboration between neurophysiologists 
and the ICU team of paramount importance.
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Introduction

The incidence of seizures in intensive care units (ICU) 
varies based on underlying diagnosis and is reported 
at 3.3–34% [1]. Determining the approach to isolated 
or multiple seizures depends on reported history and 
clinical assessment as well as electroencephalogram 
(EEG) and supportive testing. Knowledge of any prior 
history of seizures, epilepsy, and prior anti-epilepsy 
drugs (AED) is often helpful, but may be a luxury una-
vailable to the ICU team. In the absence of confirmed 
history or EEG evidence, the events leading to admis-
sion cannot always definitively be characterized as 
epileptic. Patients in the ICU are often intubated and 
sedated, so history, when available, must be sought 
from caregivers, observers, and the electronic medi-
cal records (EMR). One of the challenges of current 

medical care is failure of communication among dif-
ferent EMRs. If incorrectly suspected seizure activity 
must be assumed to warrant ongoing AED, not only is 
unnecessary medical care possible, but will also result 
in deterioration of the neurologic exam and medical 
complications of such therapy. This review will focus 
on the various scenarios in which patients can have 
seizures or seizure-like activity in the ICU, as well as 
proposing approaches to management. Status epilepti-
cus (SE) is the most extreme manifestation of seizures 
in the ICU and has been reviewed extensively in other 
publications[2–5]. This review will summarize diag-
nostic and treatment concerns of SE which are specific 
to the ICU.

Diagnosis

As with any complex medical condition the most important element in a cor-
rect diagnosis is a careful history. Reported “seizures” without any description 
should prompt a search for more detail. Observations of the situation preced-
ing or triggering the ictus and the post-ictal state should be reviewed. Useful 
descriptive characteristics include behavioral changes, speech changes, focal 
increased or decreased tone, focal body and eye movements, lateral tongue 
bites, and duration of suspected seizures. In the acute postictal state, focal 
weakness, focal hyperreflexia, or aphasia may be present transiently after the 
seizure, suggesting an underlying cerebral lesion. MRI is the preferred imag-
ing for correlation with these exam findings. High-resolution CT may provide 
information of large intraparenchymal abnormalities if MRI is impossible, 
but is otherwise often unrevealing [6]. If the patient is not returning toward 
the usual baseline after the clinical event, EEG can identify or rule out ongo-
ing ictal activity. MRI compatible electrodes should be used if imaging is 
expected after EEG begins but these are more expensive and may require 
replacement sooner than standard EEG electrodes [7]. The typical short-term 
EEG of only 30 min may be too brief to identify patterns at risk for seizures, 
and thus longer recordings are preferable in comatose or patients at high risk 
for seizures.

Some patients may have convulsive tonic or clonic movements which are 
interpreted as seizure but in fact are not ictal. Nonepileptic events (NEE) in 
acutely ill patients are more likely medical than psychogenic and may be due 
to syncope, shivering, tremors, rigors, posturing, or dystonic movement disor-
ders [8]. ICU patients less commonly have psychogenic NEE, usually conver-
sion disorders rather than malingering, and these can be associated with a 
high medical utilization cost [9]. A 5-year review of admissions subsequently 
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found to be NEE on continuous EEG (CEEG) determined that 15% were intu-
bated by emergency personnel prior to ICU admission [10]. It is also common 
for such aggressively treated NEE patients to receive doses of benzodiazepines, 
resulting in sedation, further impeding history and exam. Benzodiazepines 
prior to the EEG cause a marked increase in diffuse fast beta and suppression 
of amplitude so that diagnostic cerebral patterns cannot always be adequately 
seen. This can delay correct diagnosis further, and increase ICU length of stay.

All patients presenting with seizure-like activity should have serum labo-
ratory analysis to identify potential metabolic causes. Hyperglycemic and 
hypoglycemic seizures may manifest as focal or generalized patterns both 
clinically and on EEG, despite the absence of underlying cerebral structural 
abnormality [11]. The presence of fever, leukocytosis, and systemic signs of 
infection should prompt consideration of further workup, including lumbar 
puncture. Seizures, however, can often cause elevations of white blood cell 
count and acute phase reactants, which will usually be less persistent than 
when caused by infection. Acute CNS infections can directly precipitate sei-
zures due to cortical irritation, but systemic infections as well as antibiotics 
can also result in acute encephalopathy often with seizures. Acute altered 
mental status with fever and seizures should always prompt further investi-
gation for a fulminant infectious process such as meningitis or encephalitis. 
While neurologic symptoms commonly occur in COVID-19 patients, the risk 
for seizures appears usually to be more directly related to the acute illness 
[12]. Ictal confusion and postictal states may be indistinguishable clinically, 
appearing as a waxing and waning encephalopathy [13]. EEG must be per-
formed during these symptomatic periods to determine if altered mental 
status represents nonconvulsive seizures or nonconvulsive SE (NCSE).

Achieving a highly reliable recording of EEG in the electrically hostile envi-
ronment of the ICU requires skilled EEG technologists, fastidious recording 
hookup and maintenance, as well as optimized EEG equipment [14]. EEGs 
should be performed at bedside according to the standards of the American 
Clinical Neurophysiology Society (ACNS) [15] and the American Society of 
Electrodiagnostic Technologists (ASET) [16]. There may need to be modifi-
cations of standard electrode placement due to the presence of wounds and 
craniotomy defects, cerebral pressure monitoring devices and drains as well 
as the inability to reposition patients. Application and removal of electrodes 
and testing protocols must be conducted with enhanced safety precautions 
for the technologist in patients with infections, such as COVID-19 [17]. 
Recordings are susceptible to electrical artifacts from ventilators, pumps, and 
other devices which can produce confounding periodic or rhythmic artifacts. 
Artifact intrudes not just from devices attached to the patient on EEG, but 
also from staff movement and equipment in adjacent patient spaces. Careful 
identification of sources of artifact requires skillful EEG technologists as well 
as experienced reviewing neurophysiologists [18]. There is a constant bar-
rage of electrical noise as well as an abrupt biologic artifact from suctioning, 
repositioning, and procedures performed at bedside, so longer CEEGs are 
higher yield [19]. CEEG is usually recorded with video, which is helpful in 
correlating patient clinical events with EEG patterns, but only if the patient is 
visible on camera. This requires maintaining the position of the camera with 
an adequate view of the patient and ensuring staff, family, and equipment 
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do not block the camera. Automated switching to infrared camera mode is 
necessary when lighting is decreased. CEEGs allow event marking, usually 
by a bedside trigger, which when activated results in integrated marks on the 
EEG recording. The setup of the CEEG at bedside should include education 
of ICU staff for use of this event marker or other methods of documentation 
of events. The technologist or ICU staff should perform a consistent daily 
stimulation protocol to assess cerebral reactivity of CEEG, one that is appro-
priately tailored to the patient’s condition. Lack of reactivity or spontaneous 
variability for prolonged periods in the absence of sedation implies a worse 
prognosis for meaningful neurologic recovery. Specific stimulation protocols 
vary among institutions but should at minimum include auditory, tactile and 
passive eye opening and closure [20].

The gold standard in the diagnosis and characterization of seizures is EEG 
synchronously demonstrating ictal patterns with a video recording of typi-
cal clinical events. ICU patients may have varying degrees of somnolence or 
sedation, and others are treated with paralytics, often making clinical events 
less apparent on video. Nonconvulsive seizures are common in the ICU, with 
electrographic patterns appearing as rhythmic spike, sharp, or slow discharges 
that are distinct from the preceding background. Evolution, a typical char-
acteristic of ictal EEGs, may or may not be apparent, but is highly consistent 
with seizure when it is seen. Usually accepted criteria for a discharge to be 
considered a seizure is a rhythmic epoch > 2 Hz for at least 10 s [21]. There are, 
however, many rhythmic patterns which are less “typical” which have been 
characterized as part of the “ictal-interictal continuum” (IIC) [22]. One such 
pattern is the brief rhythmic discharge (BRD) which is similar in appearance 
to longer electrographic seizures and has a high associated risk for the devel-
opment of seizures [23]. The CEEG may decay following seizures into more 
protean periodic and rhythmic patterns, which can variably correlate with 
the risk for seizures. The Critical Care EEG Research Monitoring Consortium 
(CCERMC) of the ACNS found that lateralized periodic discharges, lateralized 
rhythmic delta, and generalized periodic discharges were associated with a 
risk for seizures, but generalized rhythmic delta activity alone had no unique 
association with seizures [24]. Patterns of the IIC may change rapidly over 
prolonged recordings, extending the potential recording of CEEG for many 
days. In the absence of medication effects on the EEG, unchanged patterns 
with no seizures for over 24 h indicate that the CEEG is not contributing to 
management decisions and can be discontinued. Validated machine learning 
models have been proposed incorporating clinical and EEG characteristics 
to predict risk for the development of seizures [25]. Implications of many 
rhythmic and periodic EEG patterns remain controversial and there may be 
disagreement between neurophysiologists whether patterns are ictal, a low-
ered threshold for seizure, or simply encephalopathic [26]. A benzodiazepine 
(BDZ) challenge can be performed at bedside when such patterns cannot be 
clearly identified as ictal [27]. After administration of a dose of intravenous 
BDZ, the EEG is compared to pre-dose appearance. Improvement in both 
background and clinical function provides circumstantial evidence support-
ing that the pre-dose pattern was ictal. It must be remembered, however, that 
BDZs decrease the amplitude of the EEG and produce dense beta, which can 



Curr Treat Options Neurol           (2021) 23:36 	 Page 5 of 15     36 

be falsely interpreted as the resolution of a pattern of unclear significance, 
which may further obscure the EEG interpretation.

Patients with hypoxic encephalopathy commonly exhibit myoclonus with 
abrupt increased amplitude periodic bursts of myotonic activity on EEG. 
Clinical twitching may not be obvious, increasing the suspicion that the dis-
charges are ictal. Back-averaging the EEG with EMG can show no preceding 
cortical waveform before the myoclonic potential [28] Alternatively, admin-
istration of a short-acting paralytic can result in the elimination of the myo-
clonic artifact, allowing only the cerebral waveforms to be visualized. If an 
underlying rhythmic or periodic pattern remains after confirmed paralysis, 
myoclonic discharges are of cortical origin. Cortical myoclonus, while not 
definitively ictal, is frequently stimulus sensitive (stimulus-induced rhythmic, 
periodic, or ictal discharges (SIRPIDS)) and may progress to nonconvulsive 
status epilepticus [29].

Critical care CEEG (CCEEG) describes a modification of CEEG recordings 
which include a graphic display of compressed EEG processed by amplitude, 
frequency, and rhythmicity trends over hours to days. CCEEG can allow rapid 
analysis, usually initially performed by neurodiagnostic technologists, of long 
intervals of multiple studies in a shorter period of time than required to 
review by standard methods [30]. Detailed analysis of corresponding raw 
CEEG is done by neurophysiologists for the entire study or just segments of 
interest. The consensus statements by the ACNS and Critical Care EEG Moni-
toring Research Consortium delineate the indications [31] as well as highly 
specific technical and personnel specifications [32] for CCEEG studies. Insti-
tutions with large volumes of simultaneous CEEG benefit from the efficient 
review possible with CCEEG, while those with lower volumes of diagnostic 
studies can manage patients effectively with CEEG review methods.

While CCEEG or traditional CEEG are optimal diagnostic modalities for 
seizures in the ICU, limitations of equipment and technologist availability 
result in an opportunity for supplemental technology. Devices which can be 
applied quickly at bedside by members of the ICU team, rather than EEG 
technologists, have been shown to have screening utility when CEEGs and 
skilled personnel are limited. Such options include bispectral index (BIS) 
[33], 8 channel Headset-type continuous video EEG monitoring (HS-cv EEG 
monitoring) [34], and Ceribell [35]. The latter device records limited mon-
tage circumferential EEG signals which are converted to sound by a propri-
etary algorithm. Rapid, simple application of such devices and interpretation 
at bedside by personnel without EEG training can offer immediate diagnostic 
information until standard CEEG recording is available.

Treatment

Identification and treatment of the cause of seizure is as necessary as AEDs 
for control of ICU seizures. Some seizures are purely symptomatic of underly-
ing medical conditions (e.g., non-ketotic hyperglycemia), medication toxic-
ity, or withdrawal, and so do not require ongoing AEDs. Medications com-
monly prescribed in the ICU decrease the threshold for seizures, particularly 
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antibiotics [36] and psychoactive drugs [37]. Seizures resulting from abrupt 
withdrawal of BDZ or AEDs (even when used for non-epilepsy diagnoses) are 
similar to those arising from withdrawal from recreational drugs and alcohol 
in that seizures emerging days after ICU admission [38].

Patients with acute intracranial pathology such as parenchymal or suba-
rachnoid hemorrhages [39], meningitis/encephalitis [40], or intracranial 
masses [41] usually receive AEDs to avert rather than treat seizures. It is com-
mon for patients who have cranial neurosurgical procedures to be placed on 
AED prophylaxis as the risk of immediate post-operative seizures increases 
the risk of morbidity [42]. This is typically initiated in without any prior 
EEG testing. Patients who have multiple post-operative seizures, however, 
may be placed on AED for a more extended period of time beyond the ICU 
stay. Patients with encephalopathy due to multiple or undetermined etiolo-
gies may be suspected of having subclinical seizures, warranting EEG testing 
to determine the need for AED. Classen, et al. found that 19% of comatose 
ICU patients had recorded seizures, 88% of these within the first 24 h of 
monitoring [43].

Patients who are admitted to the ICU with known prior epilepsy may 
simply require continuation of antiepilepsy drugs (AEDs), but conversion to 
parenteral agents may be necessary due to ventilatory support, or gastrointes-
tinal limitations. This may necessitate changing the patient from their usually 
prescribed AED, which may be only available in an oral formulation. Selec-
tion of appropriate changes to therapy, especially in an acutely ill patient, 
requires extensive knowledge of AED drug interactions, side effects, and spec-
trum of action among seizure types. Patients managed by neurostimulation 
with vagus nerve stimulator (VNS), responsive neurostimulator (RNS), and 
deep brain stimulator (DBS), may benefit from programming new device set-
tings. These devices should at least be interrogated to assess battery life and 
functionality as part of ICU seizure management. Any medially intractable 
epilepsy patient who is admitted to the ICU is at risk for an exacerbation of 
epilepsy, with an increased need for supplemental AED or parenteral agents.

Finally, there is a group of patients who are hospitalized in the ICU due 
to active or impending status epilepticus (SE). These patients may initially 
present with obvious convulsive activity, but with time convert to a state of 
electro-mechanical dissociation, with seizures only evident on EEG. NCSE has 
unclear but high prevalence in comatose patients [44]. Careful application 
of EEG criteria (Salzburg Consensus Criteria for NCSE) has demonstrated 
validity in diagnosing NCSE especially with application of the critical care 
terminology of the American Clinical Neurophysiology Society [45].

Refractory SE(RSE) is defined as SE unresponsive to benzodiazepines 
(BDZ) and an appropriate second-line AED. RSE develops in 23–43% of SE 
cases and leads to even higher morbidity and mortality [46]. New-onset RSE 
(NORSE) is a rare form of SE often preceded by a clinical prodrome, with 
half of the cases of undetermined etiology. When a causative illness is identi-
fied, the most commonly associated condition is autoimmune encephalitis 
[47]. Patients who are treated by targeted temperature management (TTM) 
frequently manifest nonconvulsive or myoclonic seizures during hypothermia 
or rewarming [48]. Seizures and other malignant EEG patterns, are common 
following cardiac arrest, with and without TTM, and predict a poor outcome.
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Seizure prophylaxis, while not technically seizure management, is a fre-
quent consideration for ICU patients following severe brain injury, subarach-
noid hemorrhage and some intraparenchymal hemorrhages post craniotomy. 
Historically, phenytoin has been the AED of choice following severe traumatic 
brain injury [49]. More recent data has placed levetiracetam [50] as a pre-
ferred agent not only due to similar efficacy with fewer adverse effects, but 
also because of potentially improved later outcomes [51]. The Brain Trauma 
Foundation guideline still recommends phenytoin for the prevention of early 
post-traumatic seizures (< 7 days), but not for the prevention of later seizures 
or post-traumatic epilepsy. This guideline reports insufficient evidence for 
recommendation of levetiracetam or other AEDs over phenytoin for early 
seizure prevention [52]. A possible concern with early use of levetiracetam 
is the potential for medication-related agitation [53], which may also be an 
accompaniment of brain injury. Patients who have clinical seizures follow-
ing craniotomy may be placed on AEDs for a more extended period of time 
beyond the ICU stay, raising questions of an appropriate duration of long-
term AED management.

The initial treatment of an ICU patient presenting with seizures is not 
very different from less critical seizure patients. If the seizure is isolated and 
self-limited, only supportive care may be needed. Stabilization of airway, 
oxygenation, and correction of metabolic derangements may be sufficient, 
or single doses of benzodiazepines may be used. ICU patients, however, have 
a lower threshold for seizure due to rapidly changing metabolic states, sleep 
deprivation medications, and physiologic stress. If clinical seizures are mul-
tiple or associated with clear epileptiform patterns on EEG, maintenance 
medication should be considered.

ICU patients with preserved GU tract function and a feeding tube can 
often receive their usual oral AEDs by crushing tablets or using alternate 
enteral formulations of the same AED. Extended release formulations can-
not be crushed and must be converted to standard release formulations with 
dosing interval shortened appropriately. This conversion dose from extended 
release to standard formulation is 1:1 for all AEDs except valproate (VPA). 
This extended release formulation is less bioavailable, thus conversion to 
standard oral forms requires reduction in total daily mg [54]. Liquid VPA 
(Depakene) more likely causes increased GI distress, so conversion from oral 
enteric coated tablets of VPA to IV formulation may be preferable. Admin-
istering VPA in the tube by opening the “sprinkle” formulation is an alter-
native, but as this capsule is only available as 125 mg size, larger doses can 
be inconvenient or difficult to pass through a feeding tube. Oral phenytoin 
absorption is decreased when administered along with enteral tube feeding, 
making parenteral use of phenytoin, or preferably fosphenytoin, optimal in 
patients with feeding tubes [55]. Table 1 lists oral AEDs and formulations 
suitable for administration by feeding tubes and IV [56].

Patients who are admitted to the ICU and are unable to take their usual 
home medications due to intubation or enteral restrictions require conver-
sion to a parenteral formulation. If any of these AEDs are unavailable in an 
IV form, an alternative IV agent must be selected. Review of prior seizure and 
AED history is helpful in optimizing decisions about alternate agents. If no 
such history is available, selecting a broad-spectrum parenteral agent with 
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minimal side effects and interactions such as levetiracetam is often reason-
able. Decision to give a loading dose is based on the clinical acuity of the 
seizures as well as risk of excess sedation with higher doses.

Seizures which are prolonged or recurrent for at least 5 min indicate pro-
gression to SE and there is urgency to administer effective meds [57]. SE that 
persists for at least 30 min has an increased risk of morbidity and mortal-
ity. Both the American Epilepsy Society and Neurocritical Care Society SE 
management guidelines recommend initial treatment with a benzodiazepine 
followed by a loading dose of a first-line agent [2, 3]. Prospective trials have 
shown delays in diagnosis and treatment of SE not only worsen success of SE 
treatment but mortality [57]. Underdosing of AED during SE is felt to be a 
contributing factor in unsuccessful treatment [5].

Table 1.   Alphabetically listed AEDs and formulations compatible with enteral and IV dosing

Not compatible with 
feeding tube

Oral forms compatible with 
feeding tube

IV form

Brivaracetam - Oral solution Yes
Cannabidiol - Oral solution No
Carbamazepine ER Chewable

Oral suspension
No longer available

Clobazam - Oral suspension Substitute IV BDZ
Cenobamate - Tablet No
Eslicarbazepine - Tablet No
Ethosuximide - Oral solution No
Felbamate - Oral suspension No
Gabapentin - Oral solution No
Lacosamide - Oral solution Yes
Lamotrigine XR Chewable, ODT No
Levetiracetam ER Oral solution Yes
Methsuximide - Oral solution No
Oxcarbazepine ER Oral suspension No
Perampanel - Oral solution No
Phenobarbital Elixir Yes
Phenytoin ER Oral suspension Both phenytoin and fospheny‑

toin
Pregabalin - Oral solution No
Primidone - Tablet No

Metabolized to phenobarbital
Rufinamide - Suspension No
Tiagabine - Tablet No
Topiramate ER Sprinkle No
Valproate ER Sprinkle

Oral solution
Yes

Vigabatrin - Powder for oral solution No
Zonisamide - Open capsule No



Curr Treat Options Neurol           (2021) 23:36 	 Page 9 of 15     36 

Ta
bl

e 
2.

  
Fe

at
ur

es
 o

f 
co

m
m

on
ly

 u
se

d 
IV

 A
ED

s 
an

d 
IV

AT
 f

or
 a

cu
te

 s
ei

zu
re

s 
an

d 
SE

, a
ft

er
 in

it
ia

l s
in

gl
e 

do
se

s 
of

 I
V 

BD
Z 

ha
ve

 f
ai

le
d 

co
nt

ro
l [

59
]

Su
gg

es
te

d
In

it
ia

l I
V 

do
se

IV
 M

ai
nt

en
an

ce
 d

os
e

Si
de

 e
ff

ec
ts

EE
G 

or
 la

b 
co

ns
id

er
at

io
ns

Fo
sp

he
ny

to
in

(p
he

ny
to

in
)

 ≥
 2

0 
m

g/
kg

10
0 

m
g 

q8
h

H
yp

ot
en

si
on

Ca
rd

ia
c

En
zy

m
e 

in
du

ct
io

n
EK

G
Ph

en
ob

ar
bi

ta
l

 ≥
 2

0 
m

g/
kg

30
–6

0 
m

g 
q8

h
H

yp
ot

en
si

on
Re

sp
 d

ep
re

ss
io

n
BS

 o
n 

EE
G

En
zy

m
e 

in
du

ct
io

n
Di

va
lp

ro
ex

 s
od

iu
m

 ≥
 2

0 
m

g/
kg

1 
g 

q8
h

Tr
em

or
Th

ro
m

bo
cy

to
pe

ni
a

Pr
ot

ei
n 

bi
nd

in
g

Le
ve

ti
ra

ce
ta

m
60

 m
g/

kg
1 

g 
q8

h
Ag

it
at

io
n

Re
na

l e
lim

in
at

io
n

La
co

sa
m

id
e

20
0 

m
g

20
0 

m
g 

q1
2h

Di
zz

in
es

s,
 c

ar
di

ac
EK

G—
co

nd
uc

ti
on

 b
lo

ck
, 

ar
rh

yt
hm

ia
Br

iv
ar

ac
et

am
10

0 
m

g
10

0 
q1

2h
M

oo
d

Re
na

l e
lim

in
at

io
n

M
id

az
ol

am
0.

2–
0.

5 
m

g/
kg

2–
40

 μ
g 

kg
 m

in
In

tu
ba

ti
on

Ti
tr

at
e 

to
 B

S 
on

 E
EG

Pe
nt

ob
ar

bi
ta

l
5–

15
 m

g/
kg

0.
5–

5 
m

g/
kg

/h
In

tu
ba

ti
on

Ti
tr

at
e 

to
 B

S 
on

 E
EG

Pr
op

of
ol

1–
2 

m
g/

kg
 b

ol
us

 q
 3

 m
in

 
up

 t
o 

10
 m

g/
kg

1–
15

 m
g/

kg
/h

 fi
rs

t,
 t

he
n 

up
 

to
 5

 m
g/

kg
/h

In
tu

ba
ti

on
, 

pr
op

of
ol

 
in

fu
si

on
 s

yn
dr

om
e

Ti
tr

at
e 

to
 B

S 
on

 E
EG

; 
Av

oi
d 

pr
ol

on
ge

d 
us

e
Ke

ta
m

in
e

1–
2.

5 
m

g/
kg

3–
10

 m
g/

kg
/h

In
tu

ba
ti

on
Ps

yc
ho

si
s

H
yp

er
te

ns
io

n

Us
e 

w
it

h 
BD

Z 
fo

r 
ps

yc
ho

si
s

(B
DZ

 b
et

a 
on

 E
EG

)



	 Curr Treat Options Neurol           (2021) 23:36    36   Page 10 of 15

Treatment for SE should take into consideration how administered agents 
can result in medical complications or interfere with the EEG. BDZ that are 
given unnecessarily after resolution of a suspected seizure, can result in beta 
obscuring diagnostic patterns for prolonged periods. Second-line AED selection 
is often by physician preference, but can be best chosen by considering phar-
macokinetics and potential adverse events. In the presence of significant cardiac 
disease, agents that affect cardiac conduction (e.g., fosphenytoin/phenytoin) 
or affect cardiac failure (e.g., lacosamide) are less preferable. Poor renal func-
tion does not preclude the use of renally eliminated AEDs (e.g., levetiracetam), 
but dosing interval should be lengthened and lower doses may be necessary. 
Hepatic dysfunction causes potent enzyme-inducing AEDs (e.g., fosphenytoin/
phenytoin, phenobarbital) to be at higher risk for worsening liver metabolism. 
VPA, as an enzyme inhibitor, is not contraindicated in hepatic disease, but has 
highly variable protein binding especially in the ICU patient, and can result in 
a moderate decrease in platelets as serum levels increase [58].

With failure of the second line AED, SE is considered a refractory and 
requires selection of a third-line agent, often as IV anesthetic therapy (IVAT). 
The American Epilepsy Society Treatments Committee recently published a 
comprehensive review of all parenteral medications including IVAT in con-
vulsive RSE [60]. Table 2 lists commonly used IV AEDs including IVAT.

CEEG is needed during IVAT to ensure maintenance of EEG suppression 
or burst suppression (BS). Although traditionally 10-s interburst intervals 
have been recommended, there is no consistent evidence that any interburst 
interval or burst characteristic predicts seizure resolution on weaning [60]. 
Prolonged IVAT risks metabolic consequences which may result in perma-
nent cerebral injury. There is insufficient evidence to recommend a specific 
duration of BS, but prolonged periods during which only pharmacologic BS 
appears on EEG may conceal accumulating brain injury [61, 62]. Weaning to 
50% of the current IVAT rate every 3–4 h allows for evaluation of the brain 
function as well as to determine if seizures have recurred. This is optimally 
coordinated in real time between the ICU team and electroencephalopg-
rapher. If no seizures recur, weaning should proceed steadily over the next 
12–24 h, assessing the EEG for recurrence as dose is lowered. The success 
of weaning IVAT is dependent on having adequate maintenance AED when 
dose reduction begins. Slow weaning of IVAT (> 24 h) has not been shown to 
have lower morbidity or higher risk for seizure recurrence than faster weaning 
(< 24 h). CEEG should be continued for 24 h after SE resolves.

Conclusion

Management in the ICU of seizures, including SE, is made more complicated 
by multiple medical conditions and polypharmacy in this population. Avert-
ing seizure recurrence is difficult due to rapidly changing patient metabolism 
associated with ICU diagnoses and treatment. Current availability of real-time 
review of video EEGs as well as access to data in the EMR allows for rapid 
response and efficient development of management plans. CCEEG can enable 
early identification of seizures and prioritizes sections of multiple studies for 
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detailed review. Limiting factors, however, are resource availability and dif-
ficulties achieving efficient and productive communication among members 
of the ICU team and neurophysiologists.

Although the ICU is the most technologically advanced area of the hos-
pital, seizures in this setting remain complex to diagnose and treat. Redun-
dant and inconclusive diagnostic testing can result from limited historical 
information and prompt presumptive, butat times, unnecessary treatments. 
CCEEG can yield either consistent or controversial results, and optimal use 
of EEG in the ICU requires both use of clear terminology and confirmed 
understanding of interpretations. In order to efficiently manage of seizures in 
the ICU, both the treating team and neurophysiologists must maintain clear 
communication as the clinical and CEEG results rapidly change. Unrealistic 
expectations by the ICU team for nearly continuous electroencephalopgra-
pher review and reporting are countered by equally unrealistic expectations 
by the neurophysiologist to be informed by the ICU team of all suspected 
seizures and interventions. Such ideal expectations are unfeasible not only 
due to the complexity of the clinical presentation of seizures, but also due to 
misconceptions about capabilities within the limitations of staffing, equip-
ment, time, and competing clinical demands. Supplemental technology can 
fill in some gaps, but the sensitivity and specificity of bedside devices must 
be clearly understood and supplemented by raw data review by qualified 
personnel. The ideal (and impossible) situation for managing seizures in the 
ICU would provide unlimited CEEG resources, staff, and neurophysiologists 
who never look away from the CEEG, with constant real-time feedback from 
the ICU team. Even if such an imaginary perfect scenario could be achieved, 
clinical and EEG correlations would remain difficult. The realistic approach 
to seizures in the ICU, however, can be optimized by appropriate utilization 
of CEEG and substitute technology, efficient dosing of AEDs, and weaning of 
IVAT, with mutually agreeable and reasonable expectations for communica-
tion between neurophysiologists and ICU team.
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