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During the last decades, the importance of the use of 
cEEG monitoring in the setting of cerebral inten-
sive care has been recognized.3,4,11,13,16,18,24–32,33–37,39 

The rational for cEEG monitoring is to detect events that 
can result in secondary brain injury or to detect signs of 
secondary brain injury. Secondary events detectable by 
electroencephalography are ischemia and seizures. High 
frequencies of seizures (8–55%) have been reported in 
neurointensive care settings irrespective of the underly-
ing disease treated.5,6,10,27,32,37 The majority of these sei-
zures are said to be nonconvulsive, and thus clinically 

not detectable. It has further been claimed that patients 
who suffer seizures during intensive care have a poorer 
prognosis than those without seizures.3,12,30,39

At the Department of Neurosurgery at Umeå Univer-
sity Hospital we have treated patients with severe TBI in 
a protocol-driven manner since 1994. We have used an 
ICP-targeted therapy based on the Lund concept.1,7–9 In 
2003 we introduced continuous encephalography to our 
standard monitoring to follow the sedation level, espe-
cially during the time thiopental is used for sedation.

With the introduction of cEEG monitoring, we de-
cided to investigate the frequency of nonconvulsive and 
convulsive seizures. The present study is a prospective 
study of patients with TBI who were treated at our de-
partment and in whom cEEG monitoring was used. Our 
specific aim in undertaking this study was to describe the 
occurrence of EEG seizures in our patients treated for 
TBI according to our ICP-targeted protocol. We hypoth-
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esized that our treatment protocol, which includes con-
tinuous sedation, would result in a low rate of seizures.

Methods
Patient Population

All referring hospitals in the catchment area of our 
department refer patients with TBI to us. Patients younger 
than 80 years of age with TBI, irrespective of neurologi-
cal condition, complicating illness, or other injury, were 
accepted for admittance during the study period. 

All patients treated for TBI at our department between 
March 1, 2004, and September 30, 2006, were eligible 
for the study. Inclusion was consecutive and based on the 
availability of the EEG monitoring equipment. There was 
no systematic exclusion of patients. For acceptance into 
the study a patient had to have suffered a verified head 
injury and be in need of cerebral intensive care as a result 
of the trauma. Patients were included irrespective of pupil 
size, pupil reactivity, or level of consciousness as long as 
their first measured cerebral perfusion pressure was ≥ 10 
mm Hg. The patients had to have arrived in our hospital 
≤ 24 hours after the trauma.

Monitoring
Intracranial pressure was monitored in all patients 

using either a Codman MicroSensor (Johnson & John-
son Professional, Inc.) or by means of ventriculostomy. 
The MicroSensor was calibrated according to the manu-
facturer’s instructions. The preauricular level was used 
as zero-level for the ventriculostomy. All patients were 
initially treated in the supine position with no head eleva-
tion. Arterial BP was continuously monitored using the 
radial artery, with heart level used as zero-level. Mean 
arterial BP and other physiological parameters such as 
systolic and diastolic BP, oxygen saturation, heart rate, 
and respiratory parameters were continuously monitored, 
and the resulting data were stored digitally using the Mar-
quette Solar system (GE Healthcare). Data pertaining to 
drugs and fluids administered to the patients were stored 
in a computer system using the Picis system (Picis, Inc.).

Treatment
Our protocol-guided treatment largely followed the 

original guidelines for the Lund concept and has been 
thoroughly described and published elsewhere.22

All patients were continuously sedated to a comfort-
able level allowing them to cough, initially using mida-
zolam and fentanyl. Expansive mass lesions were aggres-
sively treated surgically. The patients were all ventilated 
in a controlled breathing mode, with the aim of maintain-
ing a normal pH and a PaCO2 between 4.5–5.5 kPa and a 
PaO2 above 12 kPa. Hyperventilation was not allowed.

No prophylactic AED treatment was administered to 
the patients after admittance in our department.

Electroencephalography
Two NicoletOne Monitors (VIASYS Healthcare, 

Inc.) were used. Five needle electrodes were placed sub-

cutaneously by trained neurophysiological technicians at 
F3, F4, P3, P4, and a midline reference. The electrode 
positions sometimes had to be adjusted due to the surgical 
wounds. The raw F3–P3 and F4–P4 EEG tracings were 
displayed continuously at the bedside. Sensitivity was set 
at 100 μV per cm and filter settings at 0.5–70 Hz. Ampli-
tude-integrated EEG data and relative band power trends 
were displayed at a resolution of 2 hours per screen. In 
our experience, these trends are sensitive to most types 
of epileptic seizure activity. The continuous display at 
the bedside would allow the nurse and physician caring 
for the patients to detect a seizure immediately. At least 
twice a day the trends were analyzed offline by 1 of 3 
senior clinical neurophysiologists. Samples of raw EEG 
data were reviewed, often even in reference derivations 
and with higher sensitivity (50 μV/cm). Interictal epilep-
tiform activity and nonspecific slowing were not looked 
for systematically.

Statistics
Results are reported as means ± standard errors of 

the means or in cases of nonparametric variables as me-
dians and ranges.

Ethical Approval
This study was approved by the local ethics commit-

tee (2000–00–175).

Results
Forty-seven patients (33 men and 14 women) were in-

cluded in the study. The mean age at trauma was 40.0 ± 2.5 
years (range 11–79 years). The median GCS score at intu-
bation and sedation was 6 (range 3–15) (see Fig. 1). Four 
patients were intubated with GCS scores > 8: 2 had com-
plex facial fractures, 1 had severe motor restlessness, and 
1 was intubated before transportation to our hospital due 
to hematemesis. Pathological changes (Fig. 2) as classi-
fied according to Marshall and colleagues19 were evident 
on initial CT in all but 2 of the 47 patients. Subsequent 
CT did not reveal pathological changes in either of these 
patients, although the ICP increased to > 20 mm Hg. One 
of the 47 patients had a history of juvenile myoclonic epi-
lepsy, treated with valproate. At the time the TBI was sus-
tained this patient had been seizure free for > 1 year. 

During the study period, 7334 hours (~ 306 days) of 
EEG data were recorded. The mean duration of moni-
toring per patient was 156 ± 11 hours. Figure 3 shows 
a Kaplan–Meier plot of the duration of cEEG monitor-
ing. The mean time between admission and initiation of 
monitoring was 51.1 ± 5 hours (median 35 hours, range 
10–168 hours). The total ICU time was 13,676 hours; thus 
cEEG activity was monitored during 54% of the total 
ICU time. During the whole study period no EEG sei-
zures were found. In 4 patients (8.5%), clinical seizures 
were observed before the start of monitoring; the seizures 
all occurred outside the hospital and before sedation and 
intubation. After sedation and intubation no clinical sei-
zures were observed.

All the patients were continuously sedated with mi-
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dazolam, propofol, or thiopental, or combinations of the 
3 sedative agents. During the period of cEEG monitoring 
the patients also received fentanyl. Metoprolol and cloni-
dine were administered to reduce the sympathetic nervous 
system tone related to stress. The drugs were also admin-
istered to normalize the arterial BP. Figure 4 depicts the 
sedative drugs administered during the cEEG monitoring 
period. Only 8 patients had cEEG monitoring time with-
out sedation, and then only at the end of the monitoring 
period (in 5 patients, the last day; in 2 patients, the 2 last 
days; and in 1 patient the last 5 of 16 days). The drugs 
and doses (mg/kg/day) delivered to the patients during the 
monitoring period are shown in Fig. 5.

Discussion
Immediately after the accident and before sedation 

and intubation, clinical seizures were observed in 8.5% 
of the patients. We did not, however, find any EEG or 
clinical seizures in the included 47 patients with TBI dur-
ing 7334 hours of EEG monitoring. This finding stands 
in contrast to the general conception that nonclinical sei-
zures or SE is common in patients who require neurologi-
cal intensive care for TBI.

All the patients in our study group were continuously 
sedated, according to our treatment protocol, with intra-
venously administered midazolam, propofol, thiopental, 
or a combination thereof. All these drugs have an anti-
epileptic effect and are used in the treatment of SE. The 
continuous use of these drugs could explain the absence 
of EEG seizures. There is no evidence that the use of 
conventional AEDs, such as valproate or phenytoin for 
early seizure prophylaxis in TBI would improve outcome. 
There are studies showing that the use of AEDs to pre-

vent late posttraumatic seizures may have a negative in-
fluence on outcome. Therefore we do not use prophylactic 
AEDs.2

In addition to monitoring ICP, we monitor the neu-
rological condition of our sedated patients by relying on 
clinical signs such as pupillary reaction and response to 
painful stimuli in combination with frequent CT scans of 
the brain. We have previously shown that monitoring ICP 
using the Codman MicroSensor is reliable and stable over 
time.15 The cEEG monitoring in our department was in-
troduced to monitor the level of sedation, especially when 
using thiopental, aiming at a continuous delta pattern. 
This gave us the opportunity to also study the occurrence 
of EEG seizures.

Our treatment protocol does not include an awaken-
ing test. The awakening test is a stressful procedure and 
can provoke seizures. We have observed that in patients 
with unstable ICP and a tendency toward higher ICP val-
ues, a reduction of sedation as in an awakening test tends 
to result in an elevated ICP. The cessation of sedation 
necessary for the awakening test may also contribute to 
seizures. With our established treatment of patients with 
TBI, we further lower the general stress mediated by the 
sympathetic nervous system by administering clonidine 
and metoprolol.23 The above-mentioned measures may 
separately or in combination explain or may have contrib-
uted to the absence of seizures in our study.

There have been several reports of a high frequency 
of EEG seizures in patients subjected to neurointensive 
care for various reasons. We have, however, found only 
2 papers specifically reporting on EEG seizures in pa-
tients treated for TBI. Vespa and colleagues37 reported 
clinical and EEG seizures in 21 (22%) of 94 patients who 
had suffered moderate to severe TBI. Sixteen (17%) of 

Fig. 1. Bar graph showing GCS scores 
at intubation and sedation in 47 patients. 
Values on the y axis represent numbers of 
patients. 
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these patients experienced seizures in the hospital during 
cEEG monitoring and treatment. Five (5%) had general-
ized tonic-clonic seizures before the initiation of cEEG 
monitoring. The median day of seizure occurrence in the 
monitored patients was the first day after the day of the 
injury. The patients in this study are said to have been 
managed in a protocol-guided fashion. The authors do 
not state anything about the eventual sedation of the pa-
tients or whether awakening tests were performed. All of 
these patients did receive prophylactic AED treatment. 
The mean cEEG monitoring time was 7.5 ± 4 days, and 
the monitoring started at a mean of 9.6 ± 5.4 hours after 
injury. In 2006, Ronne-Engström and Winkler27 reported 
on 70 patients with TBI. The patients were treated in a 
protocol-guided manner, using mild hyperventilation, 
ICP monitoring, surgical intervention, drainage of cere-
brospinal fluid, and pharmacological control of BP. The 
authors stated that sedation with propofol and ketobemi-
done was used, but not whether this applied to all the pa-
tients. No prophylactic AED treatment was administered. 
They found EEG seizures in 20 patients (28%). In another 
3 patients (4%) there were clinical overt seizures, but in 
these there was no EEG monitoring because of technical 
reasons. The median cEEG recording time in the patients 
was 58 hours (range 24–377 hours). The time between ac-
cident and seizure was reported to be 74 ± 47 hours. The 
median time between accident and arrival in our hospital 
is ~ 8 hours.21,38 This is due to the size of our catchment 
area, 1000 km to the north, 600 km to the south, and 400 
km to the west. Therefore, it is impossible for us to initiate 
EEG monitoring as early as Vespa et al.37 reported, but we 
are able to start well within the time frame reported by 
Ronne-Engström and Winkler.

It has been stated that the observed clinical or non-
clinical seizures or nonconvulsive SE are seen early in 
the course of treatment of TBI or in the immediate post-
trauma period.3,14,17,27,32,37 We started our monitoring ~ 50 
hours after patients were admitted to our ICU. The later 

start of EEG monitoring could be a partial explanation for 
the absence of EEG seizures. Nevertheless, we found this 
explanation not to be very plausible in the light of the long 
total monitoring time and the presumed high incidence of 
subclinical seizures. Furthermore, when we excluded the 
4 cases in which the time between injury and initiation of 
cEEG monitoring exceeded 100 hours, the mean time to 
registration was 42.5 ± 3.6 hours (median 34 hours). 

Most published studies of the occurrence of noncon-
vulsive, subclinical seizures have used EEG montages 
with higher numbers of electrodes than we chose to use. 
There are studies from authors using 14-channel 12-elec-
trode montage35,37 or 11 electrodes,27 while the authors of 
other studies do not specify the montage or number of 
channels.32 We chose to use 5 subdermal electrodes. This 
small number of electrodes has been used by Labar et 
al.16 and Theilen et al.31 The use of fewer electrodes re-
duces the spatial resolution, but it facilitates patient care 
in the ICU setting. In patients with severe TBIs who are 
treated in the ICU, head wounds, fresh surgical scars, and 

Fig. 2. Bar graph showing severity of TBI in 47 patients as demon-
strated by the initial CT scans, assessed using the Marshall classifica-
tion system. DI, DII, DIII, and DIV represent the Diffuse Injury Catego-
ries I–IV, respectively; NE = nonevacuated mass. 

Fig. 4. Line graph showing the drugs delivered during cEEG moni-
toring. No = no sedative drug administered. Values on the y axis repre-
sent numbers of patients. 

Fig. 3. Kaplan–Meier plot showing the probability of continued EEG 
monitoring over time.
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catheters may restrict the possibilities for electrode place-
ment. Furthermore, the patients are frequently moved for 
examinations such as CT scans or transported to the op-
erating room for further surgery; increased numbers of 
electrodes attached to a patient create more difficulties 
for the nursing staff in handling the patient. The absence 
of registered seizures could theoretically be a result of 
too few measuring points, although the findings of Labar 
et al. and Theilen et al. argue against this explanation. In 
a preliminary study of patients with nonconvulsive SE, 
Rosén found that it was possible to recognize 90% of the 
seizures in a 2-channel recording from F3, P3, F4, and 
P4 (I. Rosén, personal communication, 2007). Thus, we 
consider the use of 5 electrodes to be sufficient to detect 
EEG seizures in the clinical setting in the ICU.

It has been reported that patients suffering from 
clinical and subclinical seizures or SE during their treat-
ment in neurointensive care have a poorer outcome in 
comparison with patients without seizures.3,39 Neverthe-
less, Towne and associates32 were unable to demonstrate 
a statistically significant difference in mortality between 
TBI patients with or without EEG seizures. It is known 
that all diseases affecting the brain can result in seizures 
and a brain under stress is prone to react with seizures. 
The seizures, whether clinical or not, are increasing the 
demands on the brain’s metabolism, and therefore it is 
plausible that seizures in a head-injured patient can ag-
gravate the patient’s condition. 

The fact that we did not detect any EEG seizures 
could be explained as a result of many factors. We have 
previously published our outcome results,20–22,38 which 
showed a favorable outcome in the range of 70% and a 
mortality of < 15%. One factor contributing to the good 
outcome could be that we have a low frequency of or no 
EEG seizures. The reason for this could be found in the 
protocol-guided way in which the patients are treated—
optimizing the circulation; avoiding hypoxia, hypoten-
sion, and hypoperfusion of the brain; continuous sedation; 
aggressive surgery; and the avoidance of stressful events 
such as awakening tests. Moreover, we do not use hyper-
ventilation, mannitol, or muscle relaxants, all known to 
provoke seizures in certain situations.

Conclusions
The goal of cerebral intensive care for TBI is to avoid 

secondary insults to the patient. The protocol-guided 
treatment we used for TBI seems to protect the patients 
from clinical and nonclinical seizures, and thus from 1 
cause of secondary injuries. We would recommend the 
use of a treatment protocol that includes continuous se-
dation and ICP and EEG monitoring in the treatment of 
patients with severe TBI. Our use of electroencephalog-
raphy not only provides information about the occurrence 
of seizures but also allows continuous monitoring of pa-
tients’ sedation levels.
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