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Abstract

Background: Status epilepticus (SE) is a medical emergency and
requires rapid diagnosis and treatment to reduce morbidity and
mortality. The general approach to management and treatment of
SE is largely unexplored and it remains unclear if other factors be-
sides age and etiology represent independent outcome predictors
for SE. There have been previous studies that document changing
electrocardiogram (ECG) tracing through SE and following the
termination of SE, indicating a dynamic, pathological response of
the myocardium to this neurological process. Here we examine the
ECG changes in African American patients during and after SE and
consider the prognostic indication of ECG readings.

Methods: The study was conducted on 113 African American pa-
tients older than 15 years who experienced SE following new onset
or pre-existing epilepsy. Data were compiled through a retrospec-
tive analysis of the type of ECG changes with comparison of ECGs
taken within 6 hours and after 24 hours in patients with SE.

Results: ECG changes were documented in 81% of patients with
SE in the first 6 hours. Of the eight patients who died, seven had
persistent ECG abnormalities. Looking at our group of patients
with new onset epilepsy, 25% returned to baseline function post
SE, 46% were left with some disability and 19% resulted in death.
This can be compared to patients who had a history of seizures in
which 90% returned to baseline, 6% were left with a disability and
3% resulted in death.

Conclusions: The high mortality rate associated with SE patients
having ECG abnormalities indicates that close observation of car-
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diac function is essential in managing SE. Knowing that persistent
ECG changes following SE are predictive of increased morbidity
and mortality gives us the information we need to begin to change
the way we manage and monitor SE patients. Cardiac monitoring
using ECGs is a cost effective and non-invasive method to allow for
early detection of potentially life threatening cardiovascular abnor-
malities in patients during and after SE.
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Introduction

Status epilepticus (SE) is a medical emergency requiring
prompt diagnosis and treatment to reduce significant mor-
bidity and mortality. Although SE is more common in pe-
diatric patients, mortality in adult age group is significantly
larger than in the pediatric population [1, 2] and patients with
new onset seizures after age 65 have a risk of SE equal to that
of children [3]. In the general approach to SE, the optimum
sequence and timing of treatment is largely unexplored and it
is not yet clear if other factors besides age and etiology rep-
resent independent outcome predictors of SE [4]. Here we
examine the ECG changes in 113 African American patients
during and after SE and consider the prognostic indication of
ECG readings. ECGs are the most widely obtained cardiac
test, and thus offer a readily available and inexpensive screen
for myocardial abnormalities. SE treatment strategies vary
substantially from one institution to another due to lack of
data to support one treatment over another [5]. This informa-
tion can be used to improve the treatment of patients with
SE by the addition of ECG monitoring as well as suggesting
the use of ECG findings when determining patient prognosis.

Methods

The study population was based on 150 patients with SE.
Thirty-seven patients were excluded from the study because
of unavailable ECGs after 24 h following onset of SE, and
113 were included. For clinical purposes, an operational

Www.neurores.org 63

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited



Kurukumbi et al

J Neurol Res. 2014;4(2-3):63-71

40

35

30

25

Etiology of Patients with SE
Sex distribution

20

& Female

m Male

’/"

Figure 1. Etiology of SE according to sex. Strokes were the most common cause of SE in females while non-

compliance was common in males.

definition of SE is 5 min of continuous seizures or discrete
seizures with incomplete recovery of consciousness. This
provides an appropriate time interval to initiate treatment for
impending SE and prevent more prolonged or refractory SE.
Because generalized tonic-clonic seizures usually last about
1 min, longer seizure activity implies a failure of the physi-
ologic factors that normally terminate a seizure. Data were
compiled through a retrospective analysis of the type of ECG
changes with comparison of ECGs taken within 6 h and after
24 h in patients with SE. Patients included were 113 African

American patients, age greater than 15 years, who were ad-
mitted to Howard University Hospital with SE from January
2007 to December 2011. Each patient had an ECG within 6 h
from the onset of SE and greater than 24 h after seizure ces-
sation. ECGs were initially classified by defining specific pa-
rameters of rate, QRS axis, PR and QT intervals, ST changes
and voltage. Secondly, types of rthythm abnormalities, and
their frequency of occurrence characterized ECGs. Finally,
ECGs for each patient were reviewed for comparison be-
tween the ECGs obtained within 6 h from the onset of SE
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Figure 2. Breakdown of the ischemic changes following SE and it shows that the most common changes were

T changes followed by ST depression.
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Figure 3. Type of arrhythmias observed following SE.

and those obtained greater than 24 h after the cessation of the
seizure. All ECGs were interpreted by a faculty member of
Howard University Hospital cardiology division.

Results

In our study population 77% of patients had a history of epi-
lepsy while 23% of patients were having new onset seizure
presenting as SE. Males were dominant in our study (58%).
Patient’s age ranged from 16 to 83 years with a mean of 53.4
years. Our patients who experienced SE were dominated
by individuals with generalized tonic-clonic seizures. In
our study population, strokes were the most common cause

of SE in females while noncompliance was the most com-
mon in males (Fig. 1). Anoxia was dominant in the female
population. Phenytoin was the most common drug found to
be used in patients with history of epilepsy as monotherapy
(66%) or in combination, and levetiracetam was the second
most common drug used (20%).

ECG changes were documented in 81% of patients with
SE in the first 6 h. The most frequently observed ECG ab-
normalities were ischemic patterns, conduction abnormali-
ties and arrhythmia. Ischemia was observed in 19 males and
17 females, conduction abnormalities in 15 males and 13 fe-
males, arrhythmia in 14 males and five females, bradycardia
in three females and no males, and voltage disturbances were
observed in one male and one female. Arrhythmias were
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Figure 4. Conduction abnormalities. Note that prolonged QT was the cost common abnormality
which can also be associated with phenytoin side effect.
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Comparison of type of abnormalities
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Figure 5. ECG abnormalities occurring during SE (within 6 h) and more than 24 h after SE.

more frequently observed in males while bradycardia was
more frequent in females.

The most common ischemic changes were T changes
appreciated in 16 patients, followed by ST depression in 10
patients, ST elevation in four patients, poor R progression in
four patients and new Q waves in two patients (Fig. 2).

The types of arrhythmias observed included premature
ventricular contractions (PVCs) in six patients, atrial fibril-
lation (Afib) in five patients, atrial flutter (Aflu) in three
patients, junctional rhythm in three patients and premature
atrial contractions (PACs) in two patients (Fig. 3).

Figure 4 depicts the types of conduction abnormalities

observed, including 10 patients with prolonged QT inter-
val, seven patients with left bundle branch block (LBBB),
four patients with right bundle branch block (RBBB), four
patients with left anterior fascicular block (LAFB), two pa-
tients with intra-ventricular conduction delay (IVCD) and
one patient with AV block (AVB). QT prolongation was the
most common conduction abnormality which can be also as-
sociated with phenytoin’s side effect.

Thirty-six patients were noted to have ischemia within
the first 6 h following onset of SE, and this number dropped
to nine patients who had persistent ischemic changes 24 h
after onset of SE. A similar pattern was seen with conduc-
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Figure 6. Comparison of ECG changes that occurred and either resolved spontaneously or needed treatment.
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Figure 7. Types of persistent ECG abnormalities associated with mortality. There were seven patients with
persistent ECG abnormalities who died. Some of these patients experienced more than one type of abnormality.

tion abnormalities dropping from 28 patients in the first 6 h
to seven patients after 24 h, and arrhythmia dropping from
19 patients to four patients after 24 h. This comparison is
presented in Figure 5.

Many ECG abnormalities resolved spontaneously and
did not require therapy; however, potentially life threatening
ECG abnormalities that did not spontaneously resolve within
a reasonable length of time were treated and reversed with
medications and pacemakers (Fig. 6). Eight patients with
ischemic changes, 10 with conduction defects, eight with ar-
rhythmias, three patients with bradycardia and two patients
with voltage defects did not resolve spontaneously therefor
requiring medical management.

Of the 95 patients (84%) with ECG changes, 61 were
persistent. Of the eight patients who died, seven had persis-

tent ECG changes and one had ECG changes that did not
persist beyond 24 h. Seven out of the 61 patients with persis-
tent ECG abnormalities died whereas one out of 34 patients
with non-persistent ECG abnormalities died. Although the
mortality of patients with persistent ECG changes was clini-
cally apparent it was not statistically significant due to our
small sample size (P < 0.1220).

The types of persistent ECG abnormalities associated
with mortality were three patients with PVCs, two with ST
elevation, one with ST depression, two with prolonged QT,
one with RBBB and two with bradycardia (Fig. 7). Some
patients had more than one abnormality noted on their EKG.
The cause of death (Fig. 8) was determined to be cardiac ar-
rest in two patients, anoxic encephalopathy in two patients,
myocardial infarction in three patients and subarachnoid
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Figure 8. Determined cause of death.
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Comparison of Patient Outcomes
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Figure 9. Patient outcomes comparing those with new onset epilepsy to those patients who had a his-

tory of epilepsy.

hemorrhage in one patient. Looking at our group of patients
with new onset epilepsy, 25% returned to baseline function
post SE, 46% were left with some disability and 19% re-
sulted in death. This can be compared to patients who had
a history of seizures in which 90% returned to baseline, 6%
were left with a disability and 3% resulted in death (Fig. 9).

Discussion

SE is clinically defined as 5 min or more of continuous clini-
cal and/or electrographic seizure activity or recurrent seizure
activity without recovery to baseline between seizures [5].
SE is a medical emergency and requires prompt evaluation
and treatment. Although SE occurs in all age groups, it has a
bimodal distribution across the lifespan [6]. It is most com-
mon among children younger than 1 year of age and adults
older than 60 years. Older adults are at the highest risk of
developing SE, with an incidence of 86 per 100,000 annu-
ally. The risk of SE occurrence in older adults is three to ten
times the risk compared to younger adults [1, 7, 8]. Most
studies document that about 40% of patients with SE have
a history of epilepsy. It is most common in the setting of
partial-onset epilepsy [9]. The goal of therapy is rapid ter-
mination of clinical and electrical seizure activity; the longer
a seizure continues, the greater the likelihood of an adverse
outcome [10].

When considering SE etiologies, it is helpful to keep in
mind that the cause varies according to age group. In chil-
dren, about 50% of SE occurs in the setting of infection with
fever. Cerebrovascular disease (including acute and remote
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hemorrhagic and ischemic strokes) is a major cause of SE,
accounting for about 40% of SE in adults and 60% of SE in
old age [1, 11, 12]. Other common causes of SE in adults are
low anti-epileptic drug (AED) level and remote symptomatic
events [6, 7, 12]. In some locales, alcohol-related causes are
a common etiology of SE [7, 12, 13].

This study demonstrates that 84% of the SE patients
showed abnormal ECG patterns within the 6 h following
onset of SE. The most common changes were ischemia, ar-
rhythmia and conduction defects. This suggests that signifi-
cant risk factors for cardiac stress occur with SE. Our results
are strikingly similar to those found in a study by Boggs et
al in 1993 that documented ECG changes in a series of 60
patients and noted similar types of ischemic changes and ar-
rhythmias (Table 1). The documentation of changing ECG
tracings during SE and following the termination of SE indi-
cates a dynamic, pathologic response of the myocardium to
this neurological process [12].

The usual mortality rates in adult studies on SE range
from 16% to 25%, although risk steadily increases with ad-
vancing age. In the Greater Richmond Metropolitan Area
Status Epilepticus Project (GRMASE) study, overall adult
mortality was 26%, but 38% for patients older than 60 years.
This same study demonstrated SE-related mortality at great-
er than 50% in patients older than 80 years [14]. Etiology is
probably the most obvious but complex determinant of SE
mortality. Anoxia accounts for the highest mortality in older
patients with SE, not unexpectedly after cardiac arrest. Over-
all, adult mortality from anoxia is 71% but reaches 92% in
those patients older than 65. These numbers are higher, but
not significantly higher than mortality rates over 30 days af-
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Table 1. In a Review of the Literature, One Other Study by Boggs et al in 1993, Has Documented ECG
Changes in a Series of 60 Patients. There Is a Striking Similarity to the Types of Changes Noted in These
Studies, Particularly With Ischemic Changes and Arrhythmia.

EKG abn (ONui sltlu;y g(l)g:gz (;z)t al (1993) MCV
Ischemia 39% 40%

Conduction 30% 15%

Arrhythmia 21% 20%

Axis 4% 20%

Bradycardia 3% 3%

Voltage 2% 3%

ter in-hospital cardiac arrest in the absence of SE [14].

The overall mortality in our study was 7% (N = 8). Of
the eight patients who died, all of them had ECG changes
while seven of these patients had persistent ECG changes.
The mortality among patients with persistent ECG chang-
es was 11% whereas 0.02% of patients with non-persistent
ECG changes died. Our mortality rate is low is this study
most likely due to the small number of patients who were
experiencing new onset SE, which is associated with higher
mortality and morbidity. Another factor contributing to our
low rate of mortality could be improvements in medical
management of patients with SE. The significant mortality
associated with SE patients having persistent ECG abnor-
malities indicates that close observation of cardiac function
is essential in managing SE.

Boggs et al in 1993 found the mortality rate in patients
with SE and ECG abnormalities to be 37% compared to pa-
tients with SE and no ECG abnormalities to be much lower
(12%) [12]. All eight patients who died in our study had
ECG changes. The control of cardiovascular risk factors
needs to be a part of the management of SE cases and can
only be effected by thorough patient evaluation. With the ad-
vances made in parenteral pharmacotherapy, intensive care
unit (ICU) management and the availability of high-quality
EEG monitoring, one would expect that death rates from SE
would have declined substantially in recent years; however,
in order to decrease this number to its full potential, we must
not just treat the emergency at hand. We must also treat the
effects that SE has on other organs and the autonomic system
in the hours and days following SE.

Changes to the brain caused by SE that lead to epilep-
togenesis have systemic effects, and alter cardiac activity
[15]. The pathophysiology of ECG changes in SE is prob-
ably multifaceted. SE could cause cardiac arrhythmogen-
esis and depolarization-repolarization abnormalities through
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several mechanisms [16]. Mechanisms proposed for these
abnormalities include excess release of catecholamines in
the heart from sympathetic nerve terminals, increased circu-
lating catecholamines due to stimulation of the adrenal me-
dulla, or altered balance of autonomic outflow due to specific
neurologic lesions of hypothalamus, limbic cortex, reticular
formation and stellate ganglia [16]. SE may also cause ECG
changes by causing severe physiologic stress with resultant
sympathetic over- activity, metabolic acidosis and decom-
pensation of underlying myocardial compromise [17]. The
pathological profile has been called “catecholamine cardio-
myopathy” and has been found in patients with acute stress
response to trauma and in some patients with sudden death
[18]. The true incidence of such lesions in acute and chronic
illness of various types has not been investigated system-
atically, but may be an underlying etiology in sudden death
[12].

In the presence of occult coronary artery disease, con-
vulsive SE may act as a “physiologic stress test”, by increas-
ing myocardial oxygen demand and inducing gross and mi-
croscopic damages to the heart. In cases of non-convulsive
SE, it is difficult to hypothesize the mechanical sources of
ECG abnormalities. Some of the ECG changes seen in these
patients may be a functional manifestation of microscopic
myocardial abnormalities, which have been implicated in
sudden death. Similar mechanisms of microscopic damage
may significantly contribute to high mortality of SE [12].

The majority of ECG abnormalities seen in our patients
with SE resolved spontaneously; however, potentially life
threatening ECG abnormalities that did not resolve within
a reasonable length of time were treated and reversed with
medications and pacemakers. Ten patients developed elevat-
ed cardiac enzymes and ECG changes less than 6 h from SE
onset consistent with myocardial infarction (9%). Three of
these patients died, two of which were experiencing new on-
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set epilepsy. The majority of patients with new onset epilep-
sy who died developed ECG abnormalities which persisted.
These abnormalities include ST elevation, bradycardia and
prolonged Q-T interval. It is yet to be determined if the type
of ECG abnormality recorded during SE is as significant as
the lability of the ECG seen during and after SE [12] and due
to our small sample size we are unable to decipher which is
more predictive of death. Our results indicate that ischemic
changes, ST depression or elevation, and PVCs were the
most common ECG abnormalities recorded in patients who
died. However, our sample of patients who died is small, and
bradycardia, prolonged QT and RBBB closely followed as
arrythmogenic changes preceding death.

Guidelines for the evaluation and management of sta-
tus epilepticus (2012) recommend a stepwise approach to
management of SE; however, they acknowledge the lack
of scientific evidence needed to create a more comprehen-
sive evidence-based approach to the care of these patients
[5]. This can only be determined by systematically examin-
ing outcomes resulting from national clinical pathways and
randomized controlled trials [5]. It has been proven that SE
causes intense activation of the sympathetic nervous system
and results in myocyte myofilament damage, arrhythmo-
genic alterations in cardiac electrical activity and increased
susceptibility to ventricular arrhythmias [19, 20], yet the
prognostic value of these cardiac changes has yet to be de-
termined.

This study provides great insight into ECG use as a pain-
less and cost effective prognostic tool in the monitoring and
treatment of SE. Knowing that persistent ECG changes in
the hours and days following SE are predictive of increased
morbidity and mortality gives us the information we need
to begin to change the way we manage and monitor SE pa-
tients. Our results indicate that cardiac monitoring needs to
be a part of the evaluation and treatment of SE to allow early
detection of potentially life threatening cardiovascular ab-
normalities.

Further studies must be done to determine how much
early detection of cardiovascular abnormalities will change
the prognosis of a patient who undergoes SE with subsequent
ECG changes. This will only be possible to determine once
ECG monitoring is conducted in a large number of patients
with SE.
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Abbreviations

SE: status epilepticus; ECG: electrocardiogram; PVC: pre-
mature ventricular contraction; Afib: atrial fibrillation; Aflu:
atrial flutter; PAC: premature atrial contraction; Vfib: ven-
tricular fibrillation; LBBB: left bundle branch block; RBBB:
right bundle branch block; LAFB: left anterior fascicular
block; IVCD: intra-ventricular conduction delay; AVB: AV
block; AED: anti-epileptic drugs; DAED: discontinued anti-
epileptic drugs; GRMASE study: Greater Richmond Metro-
politan Area Status Epilepticus Project.
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