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SUMMARY

Objective: Convulsive status epilepticus can exert profound cardiovascular effects in

adults, including ventricular depolarization–repolarization abnormalities. Whether

status epilepticus adversely affects ventricular electrical properties in children is less

understood. Therefore, we sought to characterize ventricular alterations and the asso-

ciated clinical factors in children following convulsive status epilepticus.

Methods: We conducted a 2-year retrospective case–control study. Children between

1 month and 21 years of age were included if they were admitted to the pediatric

intensive care unit with primary diagnosis of convulsive status epilepticus and had 12-

lead electrocardiogram (ECG) within 24 h of admission. Children with heart disease

or ion channelopathy, or who were on vasoactive medications were excluded. Age-

matched control subjects had no history of seizures or epilepsy. The primary outcome

was ventricular abnormalities represented by ST segment changes, abnormal T wave,

QRS axis deviation, and corrected QT (QTc) interval prolongation. The secondary

outcomes included QT/RR relationship, beat-to-beat QTc interval variability, ECG

interval measurement between groups, and clinical factors associated with ECG

abnormalities.

Results: Of 317 eligible children, 59 met the inclusion criteria. History of epilepsy was

present in 31 children (epileptic) and absent in 28 children (nonepileptic). Compared

with the control subjects (n = 31), the status epilepticus groups were more likely to

have an abnormal ECG, with overall odds ratios of 3.8 and 7.0 for the nonepileptic and

the epileptic groups, respectively. Simple linear regression analysis demonstrated that

children with epilepsy exhibited impaired dependence and adaptation of the QT inter-

val on heart rate. Beat-to-beat QTc interval variability, a marker of ventricular repo-

larization instability, was increased in children with epilepsy.

Significance: Convulsive status epilepticus can adversely affect ventricular electrical

properties and stability in children, especially those with epilepsy. These findings

suggest that children with epilepsy may be particularly vulnerable to seizure-induced

arrhythmias. Therefore, postictal cardiac surveillance may be warranted in this

population.

KEYWORDS: Cardiac, Children, Electrocardiogram, Epilepsy, Status epilepticus.

Accepted July 20, 2017.
*Section of Pediatric Critical Care Medicine, Department of Pediatrics, West Virginia University, Morgantown, West Virginia, U.S.A.; †Section of

Pediatric Emergency Medicine, Department of Pediatrics, Nationwide Children’s Hospital, Columbus, Ohio, U.S.A.; ‡Section of Pediatric Critical Care
Medicine, Baylor College of Medicine, Houston, Texas, U.S.A.; and §Section of Pediatric Neurology and Developmental Neuroscience, Department of
Pediatrics, Baylor College of Medicine, Houston, Texas, U.S.A.

Address correspondence to Yi-Chen Lai, 1250Moursund Street, Suite 1225, Houston, TX 77030, U.S.A. E-mail: ylai@bcm.edu

© 2017 The Authors. Epilepsia Open published byWiley Periodicals Inc. on behalf of International League Against Epilepsy.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution
in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

432

FULL-LENGTHORIGINALRESEARCH

http://creativecommons.org/licenses/by-nc-nd/4.0/


Cardiovascular alterations associated with seizures gen-
erally are considered to reflect autonomic nervous system
activation that dissipates with seizure cessation.1,2 How-
ever, persistent QRS axis deviation, corrected QT (QTc)
interval prolongation, ST segment and T wave changes, and
conduction abnormalities on electrocardiogram (ECG) have
been described following convulsive status epilepticus in
adults, indicating that the cardiac effects of a prolonged sei-
zure episode may extend beyond seizure cessation.3 Similar
postictal ECG abnormalities have been described in adult
epilepsy patients following brief seizures,4–10 suggesting
that they may be more susceptible to seizure-induced car-
diac effects. Supporting increased cardiac susceptibility to
seizures are interictal cardiac alterations that reflect sympa-
thetic predominance and abnormal ventricular repolariza-
tion,11–16 which are risk factors for stimulation-induced
arrhythmias. Furthermore, fatal and near-fatal cases of sei-
zure-associated ventricular tachycardia, ventricular fibrilla-
tion, and asystole17–19 highlight the possibility that
increased ventricular excitability and instability may con-
tribute to early mortality in adult epilepsy patients.

Although convulsive status epilepticus is a common pedi-
atric neurological condition,20 whether prolonged seizures
in healthy children can lead to persistent ventricular depo-
larization–repolarization abnormalities remains to be stud-
ied. In contrast, studies of pediatric epilepsy patients have
revealed increases in QTc interval duration and spatial vari-
ability, as well as severe heart rate (HR) oscillations and
premature ventricular beats following brief seizure epi-
sodes.21,22 Together, these observations suggest that, similar
to adult epilepsy patients, abnormal ventricular depolariza-
tion–repolarization and subsequent ventricular instability
may accompany seizures in children with epilepsy.

The stability of the ventricular depolarization–repolariza-
tion cycle is highly dependent on the coupling of QT inter-
val to RR interval.23 Decreased QT/RR coupling can
manifest in impaired adaptation of the QT interval to the
changing HR, and in increased beat-to-beat QTc interval
variability. Both alterations have been observed in primary

cardiac conditions that are at risk for developing ventricular
arrhythmias,24–27 and therefore may represent candidate
biomarkers for increased arrhythmogenic potential.
Whether status epilepticus can disturb QT/RR coupling that
is fundamental to the stability of the ventricular depolariza-
tion–repolarization cycle is unknown.

In this study, we sought to investigate whether persistent
ventricular depolarization–repolarization abnormalities
occurred in children following convulsive status epilepticus,
determined whether epilepsy was a contributing factor, and
explored additional clinical factors that may be associated
with ventricular abnormalities.

Methods
Patient selection

We conducted a retrospective, case–control study from
February 2011 to February 2013 at the Texas Children’s
Hospital Pediatric Intensive Care Unit (PICU). The Baylor
College of Medicine Institutional Review Board approved
the study protocol with waiver of consent. Patients were
screened using International Classification of Diseases,
Ninth Edition codes for status epilepticus, seizure, or epi-
lepsy. The medical records of potentially eligible subjects
were subsequently reviewed to verify the diagnosis of status
epilepticus according to the International League against
Epilepsy guidelines.28 The inclusion criteria were: (1) pri-
mary admission diagnosis of convulsive status epilepticus,
(2) age between 1 month and 21 years, and (3) 12-lead
ECG performed within 24 h of PICU admission. Patients
were excluded if they met any of the following exclusion
criteria: (1) use of vasoactive agents (inotropes, b-blockers,
and Ca2+ channel blockers) during PICU stay, (2) history of
heart disease, or (3) history or family history of ion chan-
nelopathy. Eligible patients were further categorized into
two groups: children without epilepsy (nonepileptic group)
and children with epilepsy (epileptic group). Control
patients were composed of a convenient sample from the
same study period and were matched to the epilepsy cohort
by age, had a 12-lead ECG performed within 24 h of admis-
sion, and did not meet any of the exclusion criteria.

Data collection
A pediatric epileptologist (M.M.Q.) independently

reviewed the medical records and assigned seizure semiol-
ogy. A pediatric cardiologist (B.A.B.) blinded to the group
assignment independently interpreted all ECG tracings. ST
segment, T wave morphology, and QRS axis were classified
as either normal or abnormal. Additional ECG data included
HR and PR, QRS, and QT intervals. QTc interval was calcu-
lated using Bazett’s formula.23 For each ECG recording, we
measured 10 consecutive QT intervals with the correspond-
ing RR intervals from lead II to assess QT/RR relationship
and to calculate the beat-to-beat variability of QTc intervals.
Clinical and laboratory data included age, gender, PICU

Key Points
• Convulsive status epilepticus was associated with
increased likelihood of having postictal ventricular
abnormalities on ECG in children

• The fundamental relationship between QT interval
and heart rate was altered following status epilepticus
in children with epilepsy

• Children with epilepsy had higher beat-to-beat QTc
interval variability, suggesting increased ventricular
repolarization instability

• Therefore, children with epilepsy may be vulnerable
to seizure-induced ventricular arrhythmias
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length of stay (LOS), duration of the acute seizure episode,
acute and chronic seizure semiology, antiepileptic drugs
(AEDs) for acute seizure treatment, history of epilepsy, epi-
lepsy duration, chronic AED regimen at the time of admis-
sion, and admission serum electrolytes, glucose, and blood
gas values.

Primary and secondary outcomes
The primary outcomes were ventricular depolarization–

repolarization abnormalities, represented by ST segment
changes, abnormal T wave morphology, QRS axis devia-
tion, and QTc interval prolongation. ST segment changes
were defined as deviation > 1 mm from baseline of the ST
segment that was not associated with early repolarization.
The T wave was determined to be abnormal if the T wave
axis was not normal for age or if T wave notching was pre-
sent. An abnormal QRS axis was present if the frontal plane
axis was outside the normal range for age. Prolonged QTc
interval was defined as interval duration > 460 ms.29 Sec-
ondary outcomes included QT/RR relationship and beat-
to-beat QTc interval variability to indicate the stability of
ventricular depolarization–repolarization.25,26 Additional
secondary outcomes included comparisons of HR and PR,
QRS, and QTc intervals between groups, and identification
of factors associated with ECG abnormalities.

Statistical analysis
Continuous variables were analyzed using either Student

t test or analysis of variance with post hoc Tukey test. Cate-
gorical variables were analyzed using either Fisher exact
test or chi-square test. QT/RR relationship was evaluated
using simple linear regression analysis. Beat-to-beat QTc
interval variability was quantified by short-term variability
(STV) and calculated using the following formula:
STV = (∑|QTcn+1 � QTcn|)/(N 9 √2) where |QTcn+1 �
QTcn| is the absolute difference between the two successive
beats and N is the number of heartbeats. Statistical analyses
were performed using GraphPad Prism 6 (La Jolla, CA,
U.S.A.).

Results
Patient demographics

There were 4,681 PICU admissions during the study per-
iod, of which 422 children were admitted with a primary
diagnosis of status epilepticus. All patients received contin-
uous ECG monitoring during their PICU stay. Fifty-nine of
the 317 eligible children underwent standard 12-lead ECG
study within 24 h of admission. Of these 59 children, 28
children presented with seizure for the first time (nonepilep-
tic groups) and 31 children had a history of epilepsy (epilep-
tic groups; Fig. 1). There were no differences in age, gender,
or PICU LOS between the control, nonepileptic, and epilep-
tic groups (Table 1). The nonepileptic and epileptic groups
needed a comparable number of AEDs to terminate status

epilepticus and had similar seizure semiology, except that
febrile status epilepticus was present only in the nonepilep-
tic group (Table 1). All ECG studies were performed fol-
lowing the cessation of seizures. The time intervals between
seizure cessation and ECG study were comparable between
the nonepileptic and epileptic groups (Table 1). The admis-
sion diagnoses of the control patients were representative of
our PICU population, with acute respiratory failure being
the most common diagnosis (58%), followed by circulatory
failure (16%). When comparing children admitted for status
epilepticus who had an ECG performed with those who did
not have an ECG performed, there were no significant dif-
ferences in demographics, or clinical or laboratory data
(Table S1).

Abnormal ventricular repolarization following status
epilepticus

Control, nonepileptic, and epileptic groups exhibited
comparable prevalence of sinus tachycardia (control, 11;
nonepileptic, 5; epileptic, 10) and sinus bradycardia (con-
trol, 1; nonepileptic, 1; epileptic, 3). We did not observe
other types of arrhythmias in the study subjects. However,
compared with the control group, children without a history

Figure 1.

Case identification and group assignment. There were 4,681 Pedi-

atric Intensive Care Unit (PICU) admissions during the study per-

iod, of which 422 children were admitted with a primary diagnosis

of status epilepticus. Three hundred seventeen children were eligi-

ble, and 59 of these children met inclusion criteria. Twenty-eight

children presented with status epilepticus for the first time and

constituted the nonepileptic group, whereas 31 children had a his-

tory of epilepsy. ECG, electrocardiogram.

Epilepsia Open ILAE

Epilepsia Open, 2(4):432–440, 2017
doi: 10.1002/epi4.12074

434

W. Ali et al.



of epilepsy exhibited an overall odds ratio (OR) of 3.8 (95%
confidence interval [CI] = 1.3–11.5, p < 0.05) of having an
abnormal ECG, and an OR of 6.0 (95% CI = 1.5–24.8,
p < 0.05) for abnormal T wave morphology following sta-
tus epilepticus (Table 2, Fig. 2A). Children with epilepsy
exhibited an overall OR of 7.0 (95% CI = 2.3–21.5,
p < 0.001) of having an abnormal ECG following status
epilepticus (Table 2). Specifically, they exhibited an OR of
9.3 (95% CI = 2.6–33.3, p < 0.001) for ST segment
changes, 4.4 (95% CI = 1.1–18.2, p < 0.05) for abnormal T
wave morphology, and 10.3 (95% CI = 1.2–89.5, p < 0.05)
for QRS axis deviation (Table 2, Fig. 2A). There was no
increased OR for prolonged QTc interval in the status
epilepticus patients when compared with the control

patients. There were no statistically significant differences
in HR and interval measurements between the control,
nonepileptic, and epileptic groups (Table 3).

Decreased QT/RR coupling and increased ventricular
repolarization instability following status epilepticus

Simple linear regression analysis revealed a strong rela-
tionship between the QT and RR interval in the control
group, with an r2 = 0.87, reaffirming that RR represents a
major determinant of QT interval (Fig. 2B). In contrast, we
observed decreased QT/RR relationship in both status
epilepticus groups, with the nonepileptic group having an
r2 = 0.75, and the epileptic group having an r2 = 0.60
(Fig. 2B). In addition to exhibiting the weakest QT/RR

Table 1. Patient demographics

Control, n = 31 Nonepileptic, n = 28

Epilepsy,

n = 31 p

Age, mo 79 � 12 49 � 9 71 � 11 NS

Gender, M/F 20/11 21/7 18/13 NS

PICU LOS, days 3 [0.4–28] 2 [0.5–18] 1 [0.5–24] NS

Seizure duration, min NA 30 � 9a 31 � 11b NS

Generalized tonic–clonic seizures 14 (50%) 18 (58%) NS

Febrile status epilepticus NA 5 (18%) 0 (0%) <0.05
Number of acute AEDs NA 2 [1–3] 2 [0–3] NS

Fosphenytoin use NA 17 (61%) 16 (52%) NS

Interval between seizure cessation and ECG, h NA 5 [1.5–15] 3 [1–4.8] NS

ECG indication

Seizure etiology evaluation 0 11 (39%) 5 (16%) NS

Tachycardia 6 (19%) 1 (4%) 2 (7%)

Bradycardia 2 (6%) 1 (4%) 1 (3%)

Atrial tachycardia 2 (6%) 0 0

Arrhythmia 4 (13%) 4 (14%) 6 (19%)

Evaluate ST segment 0 6 (21%) 8 (26%)

Evaluate QT interval 1 (3%) 2 (7%) 4 (13%)

Evaluate heart disease 9 (29%) 0 0

Chest pain 3 (10%) 0 0

Otherc 4 (13%) 3 (11%) 5 (16%)

Values are expressed as mean � standard error of the mean, median [min–max], or n (%).
AED, antiepileptic drug; ECG, electrocardiogram; F, female; LOS, length of stay; M, male; NS, not significant; PICU, Pediatric Intensive Care Unit.
an = 22.
bn = 25.
cOther indications include syncope, murmur, hypertension, and hyperkalemia.

Table 2. Primary outcomes by group assignment

Control,

n = 31

Nonepileptic,

n = 28

OR

[95% CI]

Epilepsy,

n = 31

OR

[95%CI]

Abnormal ECG 8 (26%) 12 (43%) 3.8 [1.3–11.5]a 22 (71%) 7.0 [2.3–21.5]b

ST segment changes 4 (13%) 9 (32%) 3.2 [0.9–11.9] 18 (58%) 9.3 [2.6–33.3]b

Abnormal T wave morphology 3 (10%) 11 (39%) 6.0 [1.5–24.8]a 10 (32%) 4.4 [1.1–18.2]a

Abnormal QRS axis 1 (3%) 5 (18%) 6.5 [0.7–44.6] 8 (26%) 10.3 [1.2–89.5]a

Prolonged QTc intervalc 0 1 (4%) 3.4 [0.13–87.9] 4 (13%) 10.3 [0.5–200.3]

Values are expressed as relative risk [95% CI].
CI, confidence interval; ECG, electrocardiogram; OR, odds ratio; QTc, corrected QT.
ap < 0.05, bp < 0.001 versus control group.
cAll counts adjusted by 0.5 to allow estimation of RR.
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relationship following status epilepticus, children with epi-
lepsy demonstrated an altered QT interval adaptation to HR,
reflected in a flattened QT/RR slope as compared with the
control and nonepileptic groups (Fig. 2B).

To assess whether this weakened QT/RR relationship in
the status epilepticus groups was associated with unstable
ventricular depolarization–repolarization cycles, we exam-
ined the beat-to-beat variability of QTc interval. Under
physiological conditions, consecutive QTc intervals are
expected to remain relatively constant,24 which was
observed in the control group. Poincar�e plot of the nth QTc
interval against the nth+1 QTc interval in the control group
demonstrated QTc values clustering around the line of iden-
tity, indicating little beat-to-beat variability (Fig. 2C). In
contrast, Poincar�e plots demonstrated increased dispersion
from the line of identity in the status epilepticus groups,
indicating increased beat-to-beat variability, with the most
prominent dispersion in the epileptic group (Fig. 2C).
Increased beat-to-beat variability of the QTc interval can be
quantified by STV representing deviation from the line of
identity, which demonstrated a higher STV value in the
epileptic group as compared with the control group
(Fig. 2C).

Clinical factors associated with ECG abnormalities
There were no significant differences in oxygen satura-

tion (SaO2) and blood gas values between groups (Table 3).
Interestingly, although normal serum calcium levels were
observed in all groups, children with epilepsy had statisti-
cally higher serum calcium levels compared with the control
subjects (Table 3). Among the children with status epilepti-
cus (nonepileptic and epileptic), the duration of status
epilepticus was comparable between those with normal
ECG and those with abnormal ECG (Table 4). Administra-
tion of fosphenytoin, benzodiazepines, levetiracetam, or
phenobarbital acutely was not associated with an abnormal
ECG in the seizure groups. We did not observe an associa-
tion between chronic administrations of any AED and
abnormal ECG in the epileptic group (Table S2). History of
epilepsy was the only factor found to be associated with an
abnormal ECG (Table 4).

Discussion
In this study, we found that convulsive status epilepticus

is associated with higher likelihood of having postictal ECG
abnormalities that reflect altered ventricular depolariza-
tion–repolarization in children without prior seizure history
and in children with epilepsy. Cardiac alterations are well
described in adult epilepsy individuals that include several
interictal and peri-ictal ventricular repolarization abnormal-
ities.3–8,13,16,30 In contrast, few studies have reported inter-
ictal and peri-ictal ventricular abnormalities in pediatric
epilepsy patients.21,22 We have observed ST segment
changes, abnormal T wave morphology, and QRS axis devi-
ation in the status epilepticus groups, indicating altered ven-
tricular depolarization–repolarization activation sequence
following seizures. The preponderance of abnormal ECG
studies in the epilepsy cohort suggests that they may be
more vulnerable to status epilepticus–induced cardiac elec-
trical instability.

Furthermore, we found that status epilepticus was asso-
ciated with diminished HR influence on the QT interval,
and that the magnitude of QT interval changes in response
to changes in RR intervals was significantly decreased in
children with epilepsy. With diminishing HR influence,
the adaptation of QT interval to HR may become unpre-
dictable and possibly lead to increased risk for ventricular
arrhythmias. Impaired adaptation of the QT interval to
HR has been reported in individuals with symptomatic
early repolarization and Brugada syndromes,25 in which
ventricular arrhythmias and sudden cardiac death consti-
tute a significant cause of mortality. Impaired adaptation
of the QT interval to HR may also adversely affect its
temporal stability. Accordingly, children in both status
epilepticus groups exhibited higher STV values, with the
epilepsy group having the highest STV values as com-
pared with the control subjects. Increased STV occurs in
individuals with congenital long QT syndrome and may
serve as a risk biomarker for ventricular arrhyth-
mias.24,26,27 Therefore, impaired adaptation of the QT
interval to HR that is observed following status epilepti-
cus may represent a candidate mechanism underlying

Figure 2.

Status epilepticus–associated ventricular abnormalities and instability. (A) Sample lead II electrocardiogram tracings. Arrows indicate ST

segment changes, abnormal T wave morphology, and QRS axis deviation. Lines indicate prolonged corrected QT (QTc). (B) Scatter dia-

grams of QT and the corresponding RR intervals from the control, nonepileptic, and epileptic groups. Linear regression (solid line) and

the 95% confidence interval (dashed lines) demonstrate the best goodness-of-fit in the control group (r2 = 0.87). The nonepileptic group

has decreased goodness-of-fit (r2 = 0.75), and the epileptic group has the least goodness-of-fit (r2 = 0.6). The epileptic group also exhi-

bits a flatten slope as compared with the control group. (C) Poincar�e plots of the QTc intervals from the control, nonepileptic, and epilep-

tic groups. The control group had QTc values that center on the line of identity. The QTc values scatter around the line of identity in the

nonepileptic and epileptic groups, with the most prominent dispersion in the epileptic group. Short-term variability (STV) representing

the mean orthogonal distance to the line of identity shows higher values in the nonepileptic and epileptic groups as compared with the

control group. STV is presented as mean � standard error of the mean. *p < 0.05, ***p < 0.001 versus control group.
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labile ventricular repolarization and suggest an increased
risk for ventricular arrhythmias in these children.

QTc interval prolongation and the occurrence of ventricu-
lar dysrhythmias have been associated with ictal hypoxia

and respiratory acidosis.7 Using blood gas parameters as
surrogate markers for compromised respiration, we found
no statistically significant differences in our status epilepti-
cus patients when comparing children with normal ECG
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and those with abnormal ECG. This finding suggests that
persistently impaired respiration may not play a role in pos-
tictal ECG abnormalities in our subjects; however, we can-
not exclude ictal respiratory derangement as a trigger or
contributing factor.

Although clinical and experimental evidence suggest that
status epilepticus may be sufficient to induce abnormal ven-
tricular repolarization,3,31 which is also supported by our
observations in the nonepileptic cohort, our analyses indi-
cate that the presence of epilepsy significantly increases the
risk for abnormal ECG. Multiple mechanisms may con-
tribute to epilepsy-associated cardiac changes, including
persistent cardiac sympathetic predominance,11–16,30 recur-
rent seizures with associated ventricular repolarization
instability,4–7 effects of multiple AEDs,32 and others. In this
study, the use of fosphenytoin, which has inhibitory proper-
ties on the Na+ channels, was not an independent risk factor
for abnormal ECG. Furthermore, we did not observe chronic
or acute administration of any AED being associated with
abnormal ECG in this study. Future studies with larger num-
bers of subjects are required to further delineate the contri-
bution of these potential factors to the observed postictal
ventricular electrical abnormalities in pediatric epilepsy.

Variations in the activation sequence of ventricular depo-
larization–repolarization represented by ST segment
changes, abnormal T wave morphology, and QRS axis devi-
ation are often associated with myocardial damage. There-
fore, the observed ECG abnormalities may simply reflect
cardiac injury resulting from status epilepticus. Adults with
comorbid cardiovascular diseases are particularly at risk for
status epilepticus–associated myocardial injury, whereas
individuals with a healthy cardiovascular system have nor-
mal serum troponin levels following status epilepticus.33–37

Given that children generally have a healthy cardiovascular

system, and we have excluded children with comorbid car-
diovascular diseases from this study, it is likely that patho-
logical processes such as altered cardiac electrophysiology
may play a greater role in the observed ECG abnormalities
in our subjects. In support of altered cardiac electrophysiol-
ogy as a candidate mechanism, a subset of adults with
refractory status epilepticus also has been reported to exhi-
bit ECG abnormalities in the absence of clinically overt car-
diac injury.35 The magnitude of the ventricular
depolarization–repolarization abnormalities found in our
study is often considered to be of indeterminate clinical sig-
nificance. Although these subtle abnormalities have been
indirectly correlated with risk for ventricular arrhythmias in
patients with known underlying cardiac disease and in ani-
mal models, whether these findings confer the same cardiac
risk in individuals with epilepsy is unknown at the present.
However, the preponderance of these changes in the status
epilepticus groups nevertheless suggests that seizures may
adversely influence ventricular electrical properties.

Due to its retrospective of the study and the relatively low
prevalence of eligible subjects with 12-lead ECG (18.6%),
ascertainment bias represents a potentially significant limi-
tation of the study. As routine practice, all children were
placed on cardiopulmonary monitoring that included con-
tinuous ECG in the PICU. For this study, we have chosen to
examine those who underwent additional 12-lead ECG
study because it represents a gold standard diagnostic
modality for cardiac evaluation. As expected, the most com-
mon reasons for obtaining a 12-lead ECG in all groups were
related to cardiac concerns. However, we did not observe
any clinical differences in the status epilepticus groups
between children who had ECG performed and those who
did not, suggesting that children with additional 12-lead
ECG studies may be representative of the status epilepticus

Table 3. Secondary outcomes and laboratory data by group assignment

Control, n = 31 Nonepileptic, n = 28

Epilepsy,

n = 31 p

HR, bpm 132 � 7 130 � 5 124 � 6 NS

PR, ms 115 � 5 119 � 4 123 � 4 NS

QRS, ms 71 � 4 79 � 6 80 � 10 NS

QTc, ms 414 � 3 416 � 3 412 � 5 NS

SaO2 97 � 0.4 99 � 0.5 98 � 0.4 NS

pH 7.30 � 0.02a 7.30 � 0.02b 7.21 � 0.04c NS

pCO2, mmHg 46 � 4 49 � 3 53 � 4 NS

HCO3, mEq/L 22 � 1 23 � 1 21 � 1 NS

BE �4.0 � 1.1 �3.3 � 1.0 �5.7 � 1.2 NS

Glucose, mg/dL 143 � 78 116 � 47 131 � 70 NS

Na+, mmol/L 138 � 4.5 137 � 3.0 139 � 4.6 NS

K+, mmol/L 4.0 � 0.7 4.0 � 0.5 4.2 � 0.7 NS

Ca2+, mg/dL 8.6 � 0.3d 9.2 � 0.1e 9.3 � 0.1f,* 0.03

Mg+, mg/dL 2.1 � 0.3g 2.0 � 0.3h 2.4 � 1.6i NS

Values are expressed as mean � standard error of the mean.
BE, base excess; HR, heart rate; NS, not significant; QTc, corrected QT; SaO2, oxygen saturation.
an = 25, bn = 24, cn = 20, dn = 27, en = 24, fn = 30, gn = 28, hn = 24, in = 29.
*p < 0.05 versus control, post hoc Tukey.
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groups. Even assuming that our study groups represent a
skewed sample, and the remaining children had normal
ECG, the estimated prevalence of ECG abnormalities still
would have been approximately 11% (34 of 317 eligible
subjects) following status epilepticus. We have examined
only one ECG recording per subject during their PICU stay.
Therefore, we were unable to determine whether the
observed ECG alterations represented a preexisting condi-
tion, or how long they persisted following seizures. Addi-
tionally, due to the small sample size, we were unable to
perform multivariate analyses controlling for potential
confounding factors. Another limitation relates to status
epilepticus possibly resulting in the most severe seizure-
associated cardiac derangements; therefore, the applicabil-
ity of our findings to the general population of children
following seizures remains to be determined. Our study
excluded children with a known ion channelopathy, to
ascertain the effects of seizures on cardiac electrical proper-
ties. However, we cannot exclude the possibility that other
genetic factors may predispose children to both develop-
ment of epilepsy and altered ventricular repolarization.

Conclusion
We have observed multiple ventricular depolarization–

repolarization abnormalities in children following convul-
sive status epilepticus, suggesting that prolonged seizures

may have deleterious effects on the stability of ventricular
electrical properties. Children with epilepsy exhibit the
highest prevalence of ECG abnormalities, the least QT/RR
coupling, and the most beat-to-beat QTc interval variability,
suggesting that these children may be at the highest risk for
ventricular instability. Future prospective studies examining
temporal progression of these abnormalities will lend fur-
ther insight into the evolution of cardiac remodeling and its
potential impact in epilepsy.
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