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Abstract

Introduction: Stroke is the main cause of disability worldwide, being the first cause of death in Portugal. In the first hours of
the event, the cranioencephalic CT scan (CT Scan) does not show the lesion in about 74% of cases, making validation of alternative
diagnostic approaches of utmost importance. The electroencephalogram (EEG) may provide useful information for the diagnosis

and prognosis of stroke.

Objective: To study the potential usefulness of the EEG for the early diagnosis of acute stroke in patients with initial negative CT
Scan, and for the evaluation of the functional status and risk of epilepsy.

Methods: Retrospective analysis of patients with ischemic stroke who underwent EEG and acute phase CT scan between

January 2014 and February 2018. Patient characteristics and stroke were classified according to the Oxfordshire Community Stroke
Project (OCSP) criteria. The patients were functionally evaluated at 12 months post-stroke by the modified Rankin Scale (mRS) and
the existence of post-stroke epilepsy was determined by telephone interview on February 2018.

Results: Thirty patients (25 females and 5 males, mean age 70.5 years) were included. According to the OCSP were identified:
40% TACS, 37% PACS, 10% LACS and 13% POCS. 50% with acute vascular injury visible on the initial CT Scan performed with 7
hours of evolution in median. All patients underwent EEG with a median of 3 days of evolution, and slow focal activity was observed
in all patients, and focal paroxysmal activity (PA) was seen in 17% of the participants. 17 patients (58% of patients) developed
post-stroke epilepsy (PSE) with 4 of these having PA evidence in the initial EEG (24%). One of the patients with PA in the initial EEG
did not develop epilepsy during a 4 years follow-up period. In patients without PA, the average of mRs at follow-up was 3.8 and the

mortality was 24%, whereas in patients with PA, the mean of the mRs was 5.0 and the mortality was 40%.

Conclusion: In this study, unlike CT Scan, the acute-phase EEG presented with abnormal features in all patients with acute
stroke, therefore the EEG may potentially provide significant diagnostic information, estimates of risk for developing future epilepsy
and also overall risk stratification. Further studies are needed to validate this hypothesis.
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Introduction

Stroke is defined as the installation of neurological deficit
attributable to a focal central nervous system (CNS) lesion of
vascular etiology including ischemic phenomena, intracerebral
hemorrhage and subarachnoid haemorrhage [1,2]. This clinical
entity accounts for about 10% of all deaths worldwide, the highest
in developing countries and the second in countries with high
incomes per capita, being also the main direct cause of long-term

@ @ This work is licensed under Creative Commons Attribution 4.0 License |ANN.MS.ID.000514-.

disability in adults [3]. About 80% of patients survive the acute
phase of a stroke and 6 months later approximately 85% still
present motor impairment as well as neurological, communication,
cognitive and visuospatial deficits [4]. Cerebrovascular diseases
have long been the leading cause of death in Portugal. According
to the Health General Directorate, during 2014, about 20,000
Portuguese suffered a stroke and the number of deaths due to
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cerebrovascular diseases in 2013 was 11,751 [5]. Stroke is closely
related to several well-known cardiovascular risk factors, such as
hypertension, diabetes, hyperlipidemia and atrial fibrillation [6].
In adults, the most common causal categories of ischemic stroke
are atherosclerosis of large arteries (such as the middle cerebral
artery), cardiac embolism, small vessel disease and other causes,
including inflammatory disease, hypercoagulable states and
arterial dissection [7].

Cerebrovascular disease has a huge social and individual cost.
Treatment costs and other associated costs, reported in different
studies, are variable as well as the methodologies used in its
calculation. Still, as an example, one study [8] estimated costs in the
UK at 8.9 billion euros annually, including loss of productivity, from
which only 5% were related to initial treatment. In the United States,
annual costs are around $33 billion (including medical treatment,
medication and productivity breakdown). Therefore, employing
reliable and objective techniques for diagnosis and prognosis are
necessary in order to enable effective clinical decision-making.
The electroencephalogram (EEG) is a low-cost, non-invasive and
reproducible tool that allows the acquisition and analysis of brain
electrical activity by interpreting the patterns found regarding
its morphology, frequency, voltage and topography [9]. This
method provides real-time information on the evolution pattern
of cortical activation, namely those that can be used as diagnostic
and prognostic markers in order to characterize the physiological
deficit in earlier stages, and to potentiate the rehabilitation of each
patient affected by stroke. The EEG is a method whose sensitivity
is already documented in the functional evaluation after ischemic
stroke. There is a crucial ischemic limit in which neurons begin to
lose their transmembrane gradients leading to cell death (stroke)
[10]. This ischemic limit is visible in the EEG due to the physiological
coupling of the eletrophysiological activity with cerebral blood
flow (CBF) [11]. In the area called the ischemic nucleus, where
the blood flow is less than 10ml/100gr of tissue/min, there is a
dysfunction of cellular metabolism leading to an influx of calcium
ions and to an accumulation of water in the intracellular space. This
phenomenon is called cytotoxic edema and occurs early in cerebral
ischemia. Ischemia affects the blood-brain barrier allowing blood
proteins and water to enter the extracellular space leading to
vasogenic edema. Thus, recent studies have shown that cerebral
ischemia causes a permanent or transient functional rupture in
cerebral connections, especially in the gray matter where the cells
of the neuroglia are located, both at the local level of the lesion and
at the distal level [2]. When the CBF decreases to approximately
25-35ml/100g/min, the EEG initially loses faster frequencies, with
the slower frequencies increasing gradually when CBF decreases
to approximately 17-18ml/100g/min. The stroke may not occur
for hours with this degree of flow limitation and some electrical
activity can be observed (mainly delta frequencies), but as the
CBF continues to decline towards the infarction threshold (10-12
ml/100g/min and below), the EEG becomes hypovolemic and cell
lesions become irreversible [10,12,13].

EEG is often used to diagnose epilepsy secondary to a stroke
since it is essential in detecting ictal and inter ictal activity in
epileptiform activity. This tool allows to study the characteristics
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and clinical results of the patients, monitoring the effect of the
different antiepileptic drugs [14]. In fact, stroke is a common
epileptogenic cause and up to 30% of patients who have suffered
a stroke have developed post-stroke epilepsy (PSE) [15-19]. The
majority of cases of PSE are due to arterial ischemic stroke [20].
A strategy for recognizing and preventing acute symptomatic
seizures may be clinically relevant since these may be independent
predictors of functional outcome in the first year after stroke
[21]. Thus, the early presentation of a seizure refers to an event of
epileptic etiology that occurs during the first week after stroke -
acute symptomatic seizure. The late epileptic seizure occurs more
than one week after stroke. Most patients with early seizures do
not develop late epileptic seizures or recurrent epilepsy. The
also allows studying the characteristics of individual patients by
monitoring the effect of the different antiepileptic drugs [14]. Thus,
it enables the investigation of brain areas with epileptogenesis
potential after ischemic stroke, allowing functionally assessment in
different stages of the process [22,23].

The aim of our study was to document the existence of abnormal
changes in the EEG patterns in acute stroke, namely with regards to
its electrophysiological and topographic characteristics during the
injury process. The research hypothesis is based on the potential
role of the EEG as a diagnostic and risk stratifying tool, when used
early on suspicious acute ischemic stroke.

Methods

We performed a retrospective analysis of clinical data from
patients who underwent EEG and cranioencephalic computed
tomography (CT Scan) in the acute phase of suspected ischemic
stroke, in the Neurology Department of Local Health Unit of
Matosinhos - Hospital Pedro Hispano between January 2014 and
February 2018.

The patients were classified according to the criteria of the
Oxfordshire Community Stroke Project (OCSP) [24], which allows
for a syndromic characterization of the stroke (LACS-Lacunar
Syndrome, TACS-Total Anterior Circulation Stroke, PACS-Partial
POCS-Posterior
Syndrome). Functional prognosis of patients was measured through
the modified Rankin Scale (mRs) [25] at 12 months, as well as the
existence of post-stroke epilepsy.

Anterior Circulation Syndrome, Circulation

Cardiovascular risk factors and previous clinical events were
collected including the presence of hypertension, diabetes mellitus,
dyslipidemia, smoking habits, use of oral contraceptives, personal
and family history of cerebrovascular or cardiac disease. The
presence of hypertension, diabetes mellitus and dyslipidemia were
based on each patient on-going medication and clinical record.

All EEG recordings complied with the Department protocol and
the International recommendations. From the EEG, the existence
and topography of slow focal and/or paroxysmal activity was
verified and correlated with the individual clinical profile and CT
Scan lesions.

Data collection was performed at the Local Health Unit of
Matosinhos - Hospital Pedro Hispano. The process will consist of
obtaining and placing the above parameters in a single database.
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All variables were entered in a Microsoft Excel 2016 database
using Microsoft Excel 2016 software. Variables were organized,
codified and anonymized. The study was approved by the Ethics
Committee and Board of Directors of the Local Health Unit of
Matosinhos.

Statistical analysis

Data were computerized and treated with SPSS (Statistical
Package for Social Sciences), version 24.0 (IBM, Armonk, NY). The
distribution of variables was tested for normality using the Shapiro-
Wilks test, and homogeneity of variance by Levene’s test. Simple
Descriptive statistics were used to characterize the sample and the

ranged from 18 to 92 years, with an average age of 70.5 (SD = 19.2)
years. 63.3% of the patients were over 65 years old. Cardiovascular
risk factors were present in the majority of the study population
(93.3%), and clustering of risk factors were identified in 10
patients (33.3%). The most common cardiovascular risk factor for
all individuals was arterial hypertension (HT), observed in 76.7%
of the patients. Dyslipidemia was observed in 46.7% of patients,
20% had Type II Diabetes Mellitus, 13.3% were obese, 10% were
current smokers and 23.3% had atrial fibrillation (Table 1).

Table 1:

i i 0,
distribution of variables. Data are presented as mean * standard Arterial hypertension 23 (76,7%)
deviation (SD) for continuous variables and as a frequency (%) for Dyslipidemia 14 (46,7%)
categorical variables. Continuous variables were compared using Atrial Fibrillation 7 (23,3%)
the Student t-test, and categorical variables were compared using Diabetes Mellitus 6 (20%)
the Fisher’s exact test. A p-value <0.05 was set as the criterion for Obesity 4 (13,3%)
statistical significance, for a confidence interval (CI) 95. Smoking 3 (10%)
Results Alcoholism 1(3,33%)
. Oral Contraceptive 1(3,33%)
Demographic data
Ex-smoker 1(3,33%)
. ) o . .
A total of 30 patients (25 women - 83.3%) diagnosed with Heart Failure 1(3,33%)
ischemic stroke were included in this study. The ages of the patients
Diagnostic data
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Age classes and gender distribution of patients with
ischaemic stroke
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Figure 1: Age classes and gender distribution of patients with ischaemic stroke. )
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Legend: EEG - electroencephalogram; CT - cranioencephalic computed tomography
Figure 2: Initial results from the EEG and CT scan.
J
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All patients underwent CT scan and EEG in the acute phase. 15
patients (50%) presented acute vascular lesion visible at the initial
CT Scan, performed in average at 16 hours of evolution from the
ictus (range: 0.5-81 hours). All patients underwent a second post-
event EEG, on average up to 4 days after the ictus (range: 1-14
days), with electrophysiological abnormalities found in all patients
(Figure 1). A second CT Scan was performed in Figure 2 patients

who initially had no acute ischemic injury. Of the 15 patients who
performed the second imaging examination, the presence of acute
vascular injury was confirmed in all patients (Figure 1&2).

The abnormalities identified in the EEG, depicted in Figure 2,
were focal slow activity (SA), in 25 patients (83%), and slow focal
activity and paroxysmal activity (PA), in the remaining 5 patients
(17%) (Figure 3).

Ve

Figure 3: Abnormalities documented by the EEG.

(N

m Paroxysmal Activity (PA) + Focal Slow Activity (SA) ® Focal Slow Activity (SA)

J

Stroke classification

According to their location and the criteria of the Oxfordshire
Community Stroke Project, 77% of the ischemic strokes were

dependent on the impairment of the anterior -circulation,
corresponding to TACS in 40% of the patients and PACS in 37%.
POCS and LACS were identified in 13% and 10% of the patients,
respectively (Figure 4).

(N

N
Legend: TACS: Total anterior circulation stroke; PACS: Partial anterior circulation syndrome; LACS: Lacunar Syndrome; POCS: Posterior Circulation
Syndrome
Figure 4: Stroke Classification according to the Oxfordshire Community Stroke Project criteria.

J

Post-Stroke functional evaluation-modified rankin scale

In all patients, functional status was assessed according to the
Modified Rankin Scale. In the presence of paroxysmal activity on
the EEG, patients were classified in three grades, with the highest
severity points of the scale (4 - moderately severe deficiency, 5 -
severe deficiency, 6 - death). The patients without paroxysmal

activity on the EEG, were classified with the score of mRS ranging
from 0 to 6. The mortality rate was 30% and 26.7% of patients had
Rankin 1-3 (Figure 5). The average initial mRS was 1.3 (SD: 1.6;
range: 0-5.0), increasing significantly to an average mRS of 4.1 (SD:
1.9; range: 0-6.0) after 1-year follow-up (p<0.001), with similar
trend in males and females (Figure 5).
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Regarding post-stroke epilepsy, its existence in follow-up was
crossed with the evidence of PA in the initial EEG. Overall, vascular
epilepsy was observed in 58% of the patients, and approximately
half of them presented with PA in the initial EEG (Figure 6).
Conversely, only 7% of the patients without post-stroke epilepsy
presented PA in the initial EEG. Considering the occurrence of
vascular epilepsy as a function of the Oxfordshire Community
Stroke Project criteria, a greater association was found with the
anterior circulation compromise, representing a total of over 80%
of the patients with either TACS or PACS and vascular epilepsy
during the follow-up (p<0.05) (Figure 7).

Discussion

The role of the EEG in the early evaluation of stroke is yet to
be fully understood, although some evidences provide support to
its application. Considering the results observed in this preliminary
study, one striking finding was the presence of slow focal activity in
all patients, even in those with normal initial CT scan. Other studies
have also reported the presence of this electrophysiological pattern
restricted to the hemisphere that suffers from ischemia [26,27]. As
described in the literature, the CT scan is often a limited tool in the
diagnosis of acute ischemic stroke, failing to show lesions in the
first 6 hours in up to 74% of the stroke cases [28], and therefore,
the validation of alternative diagnostic procedures would be of
utmost importance for clinical decision.

In our study, the acute-phase EEG presented with abnormalities
in all patients, unlike CT scan, raising the question to whether
a diagnostic role for this method could be expected. Other
small studies have addressed this issue with quite promising
results. A study using quantitative EEG indexes in stroke patients
demonstrated that, when used in an appropriate time frame, the
EEG have a better performance than a clinical scale in predicting
the end result [29], while other study demonstrated a better
correlation of the acute phase EEG with neuroimaging lesions after
stroke compared with acute phase magnetic resonance imaging
[30]. In the clinical practice of most stroke units, only a second
imaging test (CT scan) is performed on patients who undergo
intravenous treatment or who present worsening of neurological
symptoms [21].

In our study population, the 15 patients who underwent an
acute phase image examination without presenting acute vascular
injury performed a second imaging test that confirmed the presence
of acute ischemic injury which, in a way, validates and correlates
topographically with the EEG findings. In addition, the EEG detected
PA in about 1/5 of the patients, a risk factor for developing epilepsy
and for worst prognosis during follow-up. In fact, the EEG is the
method of choice to diagnose epilepsy secondary to stroke.

According to Bentes et al. [21], a strategy for recognizing and
preventing acute symptomatic seizures may be clinically relevant,
since acute symptomatic seizures and seizures may be independent
predictors of functional outcome in the first year after stroke, and
consequently, of quality of life [21].

Stroke is a common epileptogenic cause, accounting for up to
9% incident cases of epilepsy [31]. In our study population, 58% of
the patients developed vascular epilepsy. Of these patients, 24% had
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PA in the acute phase EEG. The clinical severity of stroke, regardless
of the scale used, is also an important factor in the development of
PSE [15,19,32-34]. Total anterior circulation stroke is a particularly
important risk factor for post-stroke epileptogenesis compared
to other ischemic stroke subtypes [35-38]. In our study, 40% of
patients suffered a TACS, and the results were in agreement with
whatwas described in the literature. Most of the patients developing
epilepsy during the follow-up had anterior circulation impairment.

Going to the pivotal notion that “Time is Brain”, we must bear
in mind that an estimated neuronal loss of 1.2 billion and a brain
aging of 36 years is expected in stroke [39]. Thus, achieving early
diagnosis of the event is of paramount importance, considering
that it will allow for early treatment of the vascular condition. From
our results, it appears that some features of the EEG are closely
related to the clinical severity and topography of the stroke, and
may be a sensitive neurological diagnostic technique, not only to
determine the functional outcome of the event [21], but also to
provide diagnostic cues to the identification a stroke, even, and
specially, when the CT scan fails to provide a positive result, which
was seen in a significant proportion of the included patients and
could account for up to 74% of the cases in the first 6 hours of an
acute ischemic stroke[28]. In our study population, the 15 patients
who underwent an acute phase image examination without
presenting acute vascular injury performed a second imaging test
that confirmed the presence of acute ischemic injury which, in a
way, validates and correlates topographically with the EEG findings.
Further studies are needed to identify the EEG traits that could be
potential markers of stroke, and thus, convey diagnostic value to
clinical decision [40-43].

Conclusion

The retrospective nature of the study is a major limitation, as
well as the small subset of participants included. Notwithstanding,
our research provides relevant preliminary information regarding
the potential diagnostic capabilities of the EEG for the early phases
of stroke. The early neurophysiological approach in this subtype
of patients, through the use of EEG in the acute phase of vascular
encephalic injury, has the potential to be informative, particularly
when neuroimaging data are negative. Consecutive use of the EEG in
the context of stroke additionally provides the unusual possibility,
at a low cost, of deepening the neurophysiological knowledge of
cortical dynamics, which in fact can be extraordinarily fruitful for
risk stratification and prognosis inherent to stroke.

In summary, our preliminary data provide evidence in favor of
the use of the EEG as an evaluation tool in the early phases of stroke.
Further studies are warranted to identify electrophysiological
abnormalities or adaptations that could provide added diagnostic
or prognostic information, thus contributing to better clinical
decision-making.
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