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The impact of EEG in the diagnosis and
management of patients with acute
impairment of consciousness

Impacto do EEG no diagndstico e conduta dos pacientes
com alteracao aguda do estado da consciéncia

Jodo A. G. Ricardo, Marcondes C. Franca Jr., Fabricio O. Lima, Clarissa L. Yassuda, Fernando Cendes

ABSTRACT

Objectives: To assess the frequency of electroencephalogram (EEG) requests in the emergency room (ER) and intensive care unit (ICU)
for patients with impairment of consciousness (IC) and its impact in the diagnosis and management. Methods: We followed patients who
underwent routine EEG from ER and ICU with IC until discharge or death. Results: During the study, 1679 EEGs were performed, with 149
(8.9%) from ER and ICU. We included 65 patients and 94 EEGs to analyze. Epileptiform activity was present in 42 (44.7%). EEG results
changed clinical managementin 72.2% of patients. The main reason for EEG requisition was unexplained IC, representing 36.3% of all EEGs
analyzed. Eleven (33%) of these had epileptiform activity. Conclusion: EEG is underused in the acute setting. The frequency of epileptiform
activity was high in patients with unexplained IC. EEG was helpful in confirming or ruling out the suspected initial diagnosis and changing
medical management in 72% of patients.
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RESUMO

Objetivo: Avaliar a frequéncia de exames de eletroencefalograma (EEG) solicitados no pronto-socorro (PS) e na unidade de terapia intensiva
(UTI) em pacientes com rebaixamento do nivel de consciéncia, bem como seu impacto no diagndstico e na conduta. Métodos: Acompan-
hamos pacientes submetidos ao EEG do PS e da UTI com rebaixamento do nivel de consciéncia até a alta ou ébito. Resultados: Realizamos
1679 EEGs no periodo de estudo; destes, 149 (8,9%) foram solicitados no PS e na UTI. Incluimos 65 pacientes e 94 EEGs para analise;
destes, 42 (44,7%) apresentavam atividade epileptiforme. O EEG mudou a conduta em 72% dos pacientes. A razao principal para solicita-
cao do EEG foi rebaixamento do nivel de consciéncia de origem inexplicavel (36,3% dos EEGs). Destes, 33% tinham atividade epileptiforme.
Conclusédo: Embora o EEG seja pouco usado em condicoes agudas, a frequéncia de atividade epileptiforme foi alta nos pacientes com
rebaixamento do nivel de consciéncia de origem inexplicavel. O EEG foi decisivo para o esclarecimento diagnéstico e implicou mudanca da
conduta em 72% dos pacientes.

Palavras-Chave: EEG de emergéncia, rebaixamento de consciéncia, pronto-socorro, unidade de terapia intensiva.

With the advent of neuroimaging techniques, such as
high resolution MRI, PET and SPECT, the importance of the
electroencephalogram (EEG) in cerebral disease studies had
decreased. However, nowadays, it has received high atten-
tion as an important source of information, especially in situ-
ations such as unexplained impairment of consciousness'?,
since it may offer valuable real time information about brain
activity, which can be decisive in some life-threatening situa-
tions, as convulsive status epilepticus (CSE) and nonconvul-
sive status epilepticus (NCSE), in which early recognition and

immediately treatment may not only prevent death, but also
offer better outcomes'®. It might also give important clues in
the diagnosis of certain conditions, such as encephalitis, hy-
poxic—anoxic brain injury, metabolic disturbances, intoxica-
tion and structural lesions****2,

In the present study, we aimed to assess the frequency of
emergent EEG (eEEG) requests and its impact for both diag-
nosis and patients’ management in order to investigate the
necessity of 24-hours EEG service for both emergency room

(ER) and intensive care unit (ICU) in a tertiary hospital.
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METHODS

Subjects selection

We included all patients with impairment of conscious-
ness (drowsiness, confusional states or coma) from ER and
general ICU for whom an eEEG was requested. Patients
were enrolled between May 2008 and June 2009 and fol-
lowed during hospitalization at UNICAMP university hospi-
tal. Exclusion criteria were age under 18 years old, patients in
hospital wards and patients with poor quality EEG.

The study was approved by the local ethics committee.

Clinical and epidemiological data

Information was collected through personal interview
and/or review of the medical chart. The analyzed variables
were age, gender, Glasgow Coma Scale (GSC), presence of fo-
cal neurological signs on admission, as well as prior history
of seizures, epilepsy and stroke. We also recorded the etiology
of the acute neurological condition that prompted admission
and patient management after eEEG.

During hospitalization, we followed the clinical course
and outcomes until discharge or death.

EEG analysis

eEEG was defined as any EEG performed on an emergen-
cy basis®, as well as requested for immediate performance or
during non business hour’.

Each eEEG was performed on an analogical Nihon
Khoden Acquisition System usinga 16 channel and scalp elec-
trodes placed according to the International 10-20 System of
Herbert Jasper'. The EEG recording lasted from thirty min-
utes to two hours. We used 5 montages according American
Clinical Neurophysiology Society (ACNS) guidelines®, as fol-
lowed: longitudinal bipolar (double banana); transverse bipo-
lar (coronal); longitudinal-transverse bipolar and two refer-
ential montages (including Average and Vertex Cz).

Epileptiform activity was defined as spike or sharp waves
with asymmetrical transient having a fast rising phase and a
slower descending phase followed or not by a slow wave®.

Patients underwent manual opening and closure of the
eyes, as well as auditive and painful stimulation.

Each EEG was evaluated by board certified neurophysi-
ologists and later reviewed by both authors (JAGR and FC) in
order to standardize criteria (Table 1).

Table 1. Operational definitions for EEG findings.
Epileptiform activity
Focal epileptiform activity
Generalized epileptiform activity
Triphasic waves
PLED/BIiPLED
Diffuse slowing
Focal slowing
Low voltage
Burst-suppression
Electrocerebral inactivity

For each patient, we recorded initial diagnostic hypothesis
and final diagnosis. We compared these data and identified
those individuals whose eEEG findings motivated changes
in medical management, such as adjustment of antiepileptic
drug dosage (AED) and indication for sequential EEG.

Statistical analysis

We used chi-squared or Fisher's exact tests to compare
categorical variables among subgroups of patients. Statistical
significance was considered at o of 5%. Statistical analysis
was performed using SYSTAT software (Systat Software, ver-
sion 12.0, Chicago, IL, USA).

RESULTS

During the study period, a total of 1679 EEGs were per-
formed by our EEG laboratory, including routine, hospital
wards, emergency room and ICU. Of these, 149 (8.9%) were
performed as emergent EEG and 20 (13.4%) performed by
other services (they were not from ER or ICU), which were
not included. Ninety four EEGs from the ER and ICU were
analyzed (Fig 1).

Those 94 emergent EEGs were performed on 38 (58.5%)
men and 27 (41.5%) women. Age ranged from 18 to 91 years
(mean 55.7; £17.9). Nearly 25% had focal signs and 16.7% had
a previous history of epilepsy. The average of GCS was 8.8
(£3.6), with most of the patients (50.8%) with a GCS under 8.

The most common diagnoses in our cohort were cere-
brovascular diseases (ischemic and hemorrhagic stroke, an-
eurism and sinus venus thrombosis) in 17 (26.2%) patients,
brain trauma injury (BTI) in 8 (12.3%) and central nervous
system (CNS) tumor in 5 (7.7%). Overall, half of the patients
presented seizures on admission. Those early seizures were
more frequent among patients with cerebrovascular diseases
(Table 2).

Presenting characteristics of EEG

The number of EEGs performed for each patient ranged
from 1 to 6; most of these (53.3%) were performed after 24
hours of admission. In 89 EEGs, activation methods were per-
formed. Manual opening and closure of the eyes did not reveal
any reactivity in 39 (43.8%), painful stimulus did not reveal
any EEG reactivity in 33/87 (37.9%), and auditive stimulus did

Presence of sharp wave, spikes, with or not preceded by slow wave
Epileptiform activity well localized in a hemisphere or lobe

Epileptiform activity generalized, symmetric and synchronous

Delta waves, positive wave preceded and followed by negative waves
Periodic lateralized epileptiform discharge and bilateral independent PLED
Delta or theta waves diffusely distributed

Delta or theta waves localized in a hemisphere or lobe

Slow waves with amplitude less than 20 microvolts

Paroxysmal activity alternating with periods of suppression of EEG
Isoelectric EEG recording
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not reveal any reactivity in 44/87 (50.6%). The main EEG ab-
normalities found in this cohort are shown in Fig 2.

The main reason underlying indication of the eEEG was
not clear in 3 medical requests. Most of the remaining EEGs
were requested to investigate impairment of consciousness

1679 EEG
(baseline)

Emergency Routine

or status epilepticus (convulsive or non-convulsive). Other 149 (8.9%) 1530 (91.1%)
reasons for medical request were herpetic encephalitis, myo-
clonus evaluation and management of AED. Among the 33
EEGs that were indicated due to unexplained impaired of ER Ohers
consciousness, 11 (33.3%) had epileptiform activity (Table 3). (87 (58.4%) 20 (13.4%)

Comparison of the initial diagnostic and final diagnosis
hypothesis showed that the EEG confirmed the hypothesis in
36 (39.6%), the EEG ruled out the diagnosis in 30 (32.9%) and 60 (69.0% 34 (80.9%)
was not helpful in 25 (27.5%). After EEG acquisition, patient Included Included
management changed in 66 (72.5%), for example, as showed
in Fig 3 and 4.

27 (31.0%) 8(19.1%)

Not included* Not included*

Outcomes predictors
Twenty six (40%) patients died in our cohort. Fatal out-

come was more frequent among patients who developed he- ~ *Number of exams was not included in the study due to technical reasons.
modynamic complications (57.1%), electrolytic (63.5%) dis-  Fig 1. Flowchart showing the number of EEGs performed in
turbance, sepsis (39.7%) or renal failure (68.3%) (Table 4). electroencephalography service.

Table 2. Initial diagnosis, history of seizures and EEG epileptiform abnormalities on admission and outcomes.

Initial diagnosis hégéiﬁ:f;:f Seizures on admission Epileptiform activity OF;;Z:;?S
Aneurysm 3/65 (4.62) 2/3(66.70) 1/3(33.3) 0/3(0.00)
Alcohol withdrawal 2/65 (3.08) 1/2 (50.00) 1/2 (50.0) 0/2 (0.00)
Hemorrhagic stroke 3/65 (4.62) 1/3 (33.30) 2/3(66.7) 1/3(33.33)
Ischemic stroke 8/65(12.31) 6/8(75.00) 3/8(37.5) 5/8(62.50)
Stomach cancer 1/65 (1.54) 0/1(0.00) 0/1(0.0) 1/1 (100.00)
Convulsive seizure 1/65 (1.54) 1/1 (100.00) 0/1(0.0) 0/1(0.00)
Encephalitis 3/65 (4.62) 2/3 (66.67) 1/2 (50.0) 1/3 (33.33)
Anoxic Encephalopathy 4/65 (6.15) 1/4(25.00) 1/4(25.0) 2/4(50.00)
Epilepsy 4/65 (6.15) 4/4(100.00) 2/4(50.0) 2/4(50.00)
Schizophrenia 1/65 (1.54) 0/1(0.00) 0/1(0.0) 0/1(0.00)
Chronic liver disease 2/65 (3.08) 0/2 (0.00) 0/2(0.0) 1/1 (100.00)
AMI 1/65 (1.54) 0/1(0.00) 0/1(0.0) 1/1 (100.00)
CHF 1/65 (1.54) 0/1(0.00) 0/1(0.0) 1/1 (100.00)
CNS infection 2/65 (3.08) 0/2(0.00) 2/2(100.0) 1/2 (50.00)
Exogenous intoxication 2/65 (3.08) 0/2 (0.00) 1/2 (50.0) 0/2 (0.00)
CJD 1/65 (1.54) 0/1(0.00) 1/1(100.0) 1/1(100.00)
SLE 1/65 (1.54) 1/1 (100.00) 1/1 (100.0) 1/1 (100.00)
NHL 1/65 (1.54) 0/1(0.00) 0/1(0.0) 1/1 (100.00)
Ataxia telangiectasia 1/65 (1.54) 1/1 (100.00) 0/1(0.0) 1/1 (100.00)
Dementia 2/65 (3.08) 0/2(0.00) 2/2(100.0) 0/2 (0.00)
Sepsis 1/65 (1.54) 0/1(0.00) 0/1(0.0) 1/1 (100.00)
Superior vena cava occlusion 1/65 (1.54) 1/1 (100.00) 0/1 (0.0) 1/1 (100.00)
AIDS 1/65 (1.54) 1/1 (100.00) 1/1(100.0) 0/1(0.00)
BTI 8/65(12.31) 4/8 (50.00) 3/8(37.5) 3/8(37.50)
Cerebral sinus thrombosis 3/65 (4.62) 3/3(100.00) 0/3(0.0) 1/3 (33.33)
CNS tumor 5/65 (7.69) 3/5 (60.00) 2/5 (40.0) 0/5 (0.00)
Liver transplantation 1/65 (1.54) 0/1(0.00) 1/1(100.0) 0/1(0.00)
Mielodysplasic syndrome 1/65 (1.54) 1/1 (100.00) 0/1(0.0) 0/1(0.00)

AMI: acute myocardial infarction; CJD: Creutzfeldt-Jakob disease; SLE: systemic lupus eritemathous; NHL: non-Hodgkin's lymphoma; BTI: brain traumatic
injury; CNS: central nervous system; CHF: congestive heart failure; AIDS: acquired immune deficiency syndrome.
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Fig 3. An EEG of a 67 years old male, one month of history
characterized by alteration of behavior, little contact with
environment, rigidity. EEG showing periodic complexes with
short intervals. The presence of this pattern conducted

an investigation of Creutzfeldt-Jakob disease which was
confirmed after necropsy.
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Fig 4. An EEG of a 66 years old male, obtained from a patient
after surgery for basocellular carcinoma of face. EEG showing
continuous focal sharp and polyspike activity in right
hemisphere alternating with suppression periods (burst-
suppression). Clinically, patient presented in coma and oral
automatisms, without sedation, for four days.

Table 3. Reasons of medical requests for emergent EEG and
frequency of epileptiform activity.

Epileptiform activity

Indication of EEG No Yes Total
n (%) n (%) n (%)
ggfggf&gigs'g”pa"mem of  22(667) 11(33.3) 33(100)
Herpetic encephalitis 2(66.7) 1(33.3) 3(100)
Status epilepticus 14 (46.7)  15(53.3) 29 (100)
Myoclonic 0(0.0) 2 (100.0) 2 (100)
NCSE 11(52.4) 10(47.6) 21(100)
Management of AED 2 (66.7) 1(33.3) 3(100)

AED: antiepileptic drug; NCSE: nonconvulsive status epilepticus.

Reaction during manual eyes opening and closure was
significantly more common in patients who survived (OR 5.3
p<0.05) (Table 4).

The GCS on admission was not associated with the out-
come of patients (p>0.05). Age, localization of the disease
in the CNS, focal signs, non reactivity to auditive and pain-
ful stimulus were not associated with poor outcome (death)
(Table 4).

DISCUSSION

Although EEG is not an expensive exam and it changes
medical management as shown by several studies, its use is
not available in most tertiary hospitals. We analyzed 94 EEGs
ordered on emergency basis from patients with impairment
of consciousness. Our study showed that a high proportion
(44.7%) of EEGs performed in patients with impairment of
consciousness had epileptiform activity. The EEG changed
management in 72.2% of the patients. By contrast, the pro-
portion of EEGs ordered by ER and ICU was very low (8.9%)
relative to the number of exams performed in the EEG labo-
ratory during the study period. The same pattern of underuti-
lization of eEEG was reported in previous studies*"'. In de-
veloping countries, costs and the small number of specialized
professionals (technicians and eletroencephalographers) are
key issues®. In the other hand, many physicians do not be-
lieve that EEG will help or change the medical intervention,
especially when neuroimaging is available. In our series, most
EEGs were performed after 24 hours of admission (53.3%), in
contrast to a previous Indian study that reported that 84.3%
of the EEGs were performed in less than 24 hours®. This dif-
ficulty to have EEG on time often bring as consequence inap-
propriate treatment, in particular when there is a possibility
of NCSE.

We found epileptiform abnormalities in almost half of our
patients, comparable to another study', but we think this is
an underestimate for at least two reasons. First, most of the
patients were taking sedatives, which are known to interfere
with EEG recordings. Second, EEGs were performed on an
analogical system that precluded the change of montages,
sensibility and time scale that improves the chances of find-
ing abnormal patterns'®. The significance of epileptiform ab-
normalities in patients without history of epilepsy is unclear
and may occur in up to 6.6% in some studies. However, the
risk of seizure occurrence is two folds higher in the presence
of interictal epileptiform discharges®.

In the last three decades, EEG had lost importance in the
investigation of cerebral diseases, but several studies have
shown the utility of EEG in conditions other than epilepsy,
including evaluation of prognosis in coma. In our study, the
EEG confirmed the diagnosis in 39.6% of the cohort and ruled
out in 32.3%, being comparable with earlier studies®'*'*".

Ricardo JAG et al. Impairment of consciosness: EEG

37



Table 4. Predicting factors of prognosis.
Variables

More 50 years old

Focal signs

Hemodynamic disturb.

Electrolytic disturb.

Renal failure

Sepsis

CNS disease

Epileptiform activity

Nonreactivity by passive eye opening
Nonreactivity by auditive stimulus
Nonreactivity by dolorous stimulus

CNS: central nervous system.

In our cohort, the most common reason for EEG requisi-
tion was to investigate unexplained altered level of conscious-
ness (36.3%), to evaluate convulsive status epilepticus (31.9%)
and nonconvulsive status epilepticus (23.1%). In the last two
conditions, EEG is the gold standard for diagnosis*'**. We
encountered a higher proportion (33.3%) of epileptiform ac-
tivity in patients with unexplained altered level of conscious-
ness. In an early study, status epilepticus was encountered in
37% of 198 patients with altered level of consciousness with-
out clinical seizures®. Another study using continuous EEG
observed status epilepticus in 8% of 236 comatose patients®.
This last group of patients in our cohort did not have signs
of subclinical status epilepticus or previous history of epilep-
sy. Despite of the absence of minor clinical signs of seizures,
EEG showed abnormalities and permitted the correct diag-
nosis and treatment.

Although we had a small number of patients with stroke
in this series, they had a high frequency of epileptiform activ-
ity on EEG (6/8; 75%). Previous studies have shown an asso-

ciation between acute stroke and epilepsy***

. In a review®,
the prevalence of post-ischemic stroke seizures ranged from
2 to 33%, with 50 to 78% of first seizures occurring within 24
hours. Another study® found a high proportion of noncon-
vulsive and convulsive seizures in intracerebral hemorrhage
(27.8%) compared with ischemic stroke (6%), and over half of

traumatic brain injured patients had nonconvulsive seizures
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confirming or ruling out the suspected initial diagnosis. The
EEG makes the difference especially when available within 24
hours after admission. Therefore, we believe that ER and ICU
physicians should be aware of the usefulness of EEG and re-
quest it more often in appropriate circumstances.
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