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Background: Epileptic seizures (ES) lead to alterations in the blood laboratory values and reflect changes
in different organ systems. Here, we review the diagnostic and prognostic value of various blood
laboratory values within the context of epilepsy.

Methods: Narrative review and literature search on PubMed using the term, “seizure” and various
laboratory values.

Keywords: Results: Laboratory markers can help clinicians determine whether an unwitnessed event was more likely
'S“ZESI?OW to be epileptic or non-epileptic. Prolactin testing helps differentiate ES from psychogenic non-epileptic
Seizure seizures (PNES) in adults and adolescents, and is associated with high specificity and moderate
Epilepsy sensitivity. Elevations in the creatine kinase (CK) levels are common after generalized tonic-clonic

Blood seizures (GTCS) and display high specificity and moderate sensitivity. Metabolic markers such as
Troponin ammonia and lactate may have diagnostic potential for postictal blood tests.
Analyzing blood postictally is important for identifying the cause of the symptomatic seizures due to
endocrine, metabolic, toxic or infectious etiologies.
Finally, laboratory analyses are used for identifying patients who are at risk for developing rare,
threatening complications such as rhabdomyolysis, acute renal failure (ARF) or cardiomyopathy.
Conclusions: Presently, no postictal laboratory values can definitively prove or rule out the diagnosis of an
epileptic seizure. For seizures with unknown causes, simple blood tests can be a valuable aid for quickly
defining the etiology, particularly with certain metabolic and toxic encephalopathies. For this reason, CK,
electrolytes, creatinine, liver and renal function tests should be measured on at least one occasion.
Further research is needed in order to identify new biomarkers that improve the diagnosis and prognosis
of seizures and seizure-related complications.
© 2017 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.

1. Introduction

The physiologic consequences of an epileptic seizure depend on
the type, length and intensity of the seizure, as well as the patient’s
preexisting condition.

Seizures lead to distinctive metabolic changes. Maximal

Abbreviations: ACS, acute coronary syndrome; ADH, antidiuretic hormone; ARF, neuronal excitation incites the neuroendocrine system to secrete

acute renal failure; AVP, arginine vasopressin; BNP, brain natriuretic peptide; CAD,

coronary artery disease; CK, creatine kinase; CPS, complex partial seizures; CSF,
cerebrospinal fluid; cTNI, cardiac troponin [; cTNT, cardiac troponin T; ct-proAVP, C-
terminal pro arginine vasopressin; ECG, electrocardiogram; EEG, electroencepha-
logram; ES, epileptic seizures; ER, emergency room; FC, febrile convulsions; GH,
growth hormone (somatropine); GTCS, generalized tonic clonic seizure; ICU,
intensive care unit; LH, luteinizing hormone; LOC, loss of consciousness; FSH,
follicle stimulating hormone; NSE, neuron specific enolase; NT-pro-BNP, N-terminal
pro brain natriuretic peptide; PNES, psychogenic non-epileptic seizures; PRL,
prolactin; SE, status epilepticus; SPS, simple partial seizures; SUDEP, sudden
unexpected death in epilepsy; TIA, transient ischemic attack; TSE, thyroid
stimulating hormone; VPA, valproic acid; V-EEG, video-EEG.
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hormones such as catecholamines and prolactin. Whole body
muscle contractions and the release of catecholamines increase
cerebral, muscular and cardiac oxygen demands, while impaired
breathing impedes compensatory mechanisms in order to satisfy
this demand. Strained tissues release metabolites such as lactate,
ammonia and urea, while irritated skeletal muscles leak creatine
kinase and myoglobin. Afterwards, an inflammatory reaction with
cytokine release and leukocytosis occurs.

The metabolic changes listed above are most pronounced in
generalized tonic clonic seizures (GTCS) and status epilepticus (SE),
but even partial seizures, especially those that are accompanied by

1059-1311/© 2017 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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autonomic symptoms such as periictal tachycardia, conduction

block, asystole or respiratory disturbances, can lead to physiologi-
cal and metabolic changes that can be analyzed with laboratory

testing [1].

Our narrative review on the value of postictal blood testing is

based on the following three questions:
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2.) Which blood tests can help establish the etiology? A postictal
blood test will not only demonstrate the consequences of
seizures, but also the preexisting alterations that may be the
actual cause of the seizures (such as electrolyte disorders and
metabolic encephalopathies).

3.) Which blood tests help predict potential seizure complica-

1.) Which blood tests aid in the differential diagnosis of epileptic

versus non epileptic seizures?

Table 1

cated by

acute renal

tions? While most seizures are benign, some can be compli-
rhabdomyolysis,
cardiomyopathies. These can be detected early on with

failure and

Overview of studies analyzing PRL as an aid in differentiating ES from PNES after Chen and colleagues, 2005. Prolactin elevations occur in ~60% of GTCS, ~46.1% of CPS and

~6.7% of PNES.

Author, Year  Groups Age Setting Time Elevated PRL Comments
Wilert, 2004 44 patients: 18-62 V-EEG, prospective 10, 20, 30 min, 1, 6,12,24h M>16.5ng/ml, Sensitivity
[19] 32 ES F>23 ng/ml 87.5%
12 PNES 20 min: Specificity
ES 28/32 (87.5%) 66.7%
PNES 4/12 (33%)
Shah, 2001 89 patients with multiple events: Not V-EEG, prospective Immediately after event 2x baseline level GTCS sensitivity
[20] 36 GTCS provided GTCS 17/36 (47.2) 47.2%
56 CPS CPS 19/56 (33.9%)  CPS sensitivity
27 SPS SPS 3/27 (11.1%) 33.9%
55 PNES PNES 1/55 (1.8%) SPS 11.1%
Specificity
98.2%
Alving, 1998 58 patients: 13-68 Video- or mobile EEG 15min and 2 h after event 2x baseline level: All ES
[21] 38 ES patients 20 PNES patients monitoring, prospective All ES: 69% sensitivity 69%
4 SPS CPS 61% CPS sensitivity
20 CPS GTCS: 93% 61%
16 GTCS PNES 20.4% GTCS sensitivity
20 PNES exact numbers not  93%
provided specificity 74%
Ehsan, 1996 50 patients: 6-61 V-EEG, prospective 15min and 1h after event 2x baseline level: CPS sensitivity
[31] 13 GTCS GTCS 10/13 (76.9%) 88.2%
17CPS CPS 15/17 (88.2%) GTCS sensitivity
6 SPS SPS 0/6 (0%) 76.9%
14 PNES PNES 2/14 (14.3%)  SPS sensitivity
0%
Specificity
85.7%
Fisher, 1991 20 patients: 9 GTCS >18 V-EEG, prospective 10-20 min after event >36 ng/ml GTCS sensitivity
[22] 7CPS GTCS 5/9 (55.6%) 55.6%
4 PNES CPS 1/7(14.3%) CPS sensitivity
PNES 0/4 (0%) 14,3%
Specificity 100%
Rao, 1989 [2] 11 patients: 2 GTCS 4 CPS 13-47 V-EEG, prospective Immediately, every 15min 2x baseline level GTCS sensitivity
5 PNES for 2h GTCS 2/2 (100%) 100%
CPS 3/4 (75%) CPS sensitivity
PNES 0/5 (0%) 75%
Specificity 100%
Wroe, 1989 33 patients: 15-73 V-EEG, prospective 10 min after event >45 ng/ml GTCS sensitivity
[23] 8 GTCS GTCS 6/8 (65.6%) 65.6%
11 CPS CPS 5/11 ( CPS sensitivity
4 Absence Absence 0/4 (0%) 45.5%
10 PNES PNES 0/10 (0%) Absence
sensitivity 0%
Specificity 100%
Laxer, 1985 70 patients, 9-54 V-EEG, prospective Within 20 min after event 25 ng/ml Sensitivity
[24] multiple events and at 24h ES 40/61 (65.6%) 65.6%
64 ES PNES 1/18 (5.6%) Specificity
21 PNES 94.4%
Pritchard, 12 patients: 1 GTCS 5 CPS Not V-EEG, prospective 15 min after event 2x baseline level GTCS sensitivity
1985 [25] 6 PNES provided GTCS 1/1 (100%) 100%
CPS 5/5 (100%) CPS sensitivity
PNES 0/6 (0%) 100%
Specificity 100%
Oxley, 1981 18 patients, multiple events Not Mobile EEG, prospective Within 20 min after event >36ng/ml GTCS sensitivity
[18] 6 GTCS 4 CPS provided GTCS 4/6 (75%) 75%
10 PNES CPS 0/4 (0%) CPS sensitivity
PNES 1/10 (10%) 0%
Specificity 90%
Chen, 2005 [4] Pooled analysis of the studies GTCS: sensitivity 60% (48.9-71.1). specificity 95.9% (91.4-100)

mentioned above

CPS: sensitivity 46.1% (36.5-55.7). specificity 96.3 (92.7-99.9)
All ES: sensitivity 52.6% (47-58.2). specificity 92.8 (89.9-95.7)
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laboratory tests which, in turn, allows for a timely therapeutic
intervention.

A systematic review which includes all the laboratory values
available after a seizure occurs is beyond the scope of a single
article. Hence, when systematic reviews are available, they are
referenced accordingly. Laboratory changes in status epilepticus
(SE) or electroconvulsive therapy (ECT) are not covered in this
review, but will be mentioned if there is interest. Generally, a status
epilepticus tends to exaggerate the laboratory changes found in a
single seizure. We focused on blood findings and did not include
tests involving other body liquids such as cerebrospinal fluid, urine
or saliva. Furthermore, we want to stress that some postictal
complications such as delirium, psychosis or injuries only rely on
the clinical evaluation and examination and not on laboratory
tests. Thus, these entities were not included in our review.

2. Methods

We searched the PubMed database for articles in English
containing the search word “seizure” and the laboratory values
mentioned below.

Five types of articles were included. They are listed in order of
highest to lowest attributed validity:

1.) Prospective studies performed after seizures were recorded
during video-EEG monitoring. These types of studies are
advantageous as the seizure type, duration, associated physio-
logical parameters, as well as the time to laboratory testing can
be precisely determined. The etiology is known and confound-
ing factors such as substance abuse, injuries and preexisting
conditions are checked. However, the small number of patients
normally found in such studies is a disadvantage.

2.) Prospective studies conducted after seizures were witnessed in
emergency rooms (ERs) and hospitals.

3.) Prospective studies conducted on patients who were admitted
to ERs and hospitals postictally.

4.) Retrospective and case control studies conducted on patients
who were admitted to ERs and hospitals postictally. These
types of studies tend to have the largest patient numbers and
the most heterogeneous population. A further limitation is that
the seizure type is not definitively identified. A certain number
of events that are misdiagnosed as ES must be expected in these
studies.

5.) Case reports.

3. Results

3.1. Which blood tests aid in the differential diagnosis of epileptic
versus non epileptic seizures?

3.1.1. Hormone changes and their role in the differential diagnosis
ES impact the hypothalamic-pituitary axis and sympathetic
nervous system via connections between the limbic structures and
hypothalamus. GTCS and CPS may lead to an increase in prolactin
(PRL), growth hormone (GH), adrenocorticotropin (ACTH), thy-
reotropin (TSH), luteinizing hormone (LH) and follicle stimulating
hormone (FSH), as well as arginin vasopressin (AVP) [2].

3.1.1.1. Prolactin: the classic marker used in the differential
diagnosis. In the 1970s and 1980s, PRL levels were first
measured after ES and PNES based on the hypothesis that
seizure activity which arises from the mesial temporal lobe can
alter the hypothalamic control of PRL release. [3-6]. Since then, PRL
has become one of the most extensively studied biomarkers for

determining seizure disorders. PRL rises after GTCS in ~60% of the
cases, after electroconvulsive seizures, after alcohol withdrawal
seizures and, to a lesser degree, following CPS (~45%), but rarely
after SPS and PNES [7-18]. PRL measurements require caution,
since PRL physiology harbors a number of limitations towards
establishing normal values. PRL levels depend on age, gender and
circadian rhythm, e.g. surging by as much as 50-100% upon
awakening, Furthermore, PRL is influenced by common
medications and conditions such as pregnancy, nursing and
even psychological stress [4]. Finally, when compared to healthy
controls, patients with epilepsy tend to have alterations in the
interictal PRL [4].

Serum PRL peaks rapidly (within 10-20 min after a seizure) and
returns to baseline within two to six hours [4]. If the PRL
measurements are used to distinguish CPS or GTCS from PNES,
blood samples should be drawn 10-20min after the event.
Sensitivity reaches 46.1% for CPS and 60% for GTCS, with a
specificity of 95.9-96.3% in an analysis of pooled data [2,4,19-29]
and illustrated in Table 1. An elevation of PRL within the 10-20 min
timeframe indicates an ES, while normal PRL levels neither exclude
an ES nor prove a PNES [4,30]. Since it is difficult to quickly obtain
these measurements for outpatients, capillary blood samples in
filter paper were investigated but did not achieve widespread
clinical use [22,31]. Because the above mentioned factors cause PRL
to fluctuate, most authors count a threefold increase of PRL as
significant when compared to the individual baseline, while others
established different thresholds for men and women [6].

In the differential diagnosis between syncope and seizures, PRL
is of little use since(syncope itself may lead to PRL elevations in 60—
80% of patients! In this regard, the data obtained from children are
more conflicting than for adults [32-38].

Repetitive seizures may lead to repetitive, and even increasing,
PRL peaks. However, in status epilepticus, the PRL levels may rise
only initially and then return to normal levels despite ongoing ictal
activity due to PRL storage depletion [4,6,39-41].

Earlier video-EEG-monitoring studies indicated that seizures
with a temporal lobe origin lead to PRL elevations more often than
seizures originating in the frontal lobe. This finding was not
replicated in 60 patients with temporal lobe onset CPS and 20
patients with frontal lobe onset CPS as determined by invasive
video EEG monitoring [42-44].

Most authors concur that the PRL level rises after febrile or
afebrile convulsions in children [45,46]. Others found elevations
only after an epileptic seizure occurred but not after a febrile
seizure [47].

In neonates, the available data is limited. Baseline PRL levels are
highly variable and depend on the degree of the underlying
encephalopathy. Two studies detected an elevation of PRL after an
ES, while another demonstrated elevated, interictal baseline PRL in
infants with ES, but without relevant postictal elevations. PRL
measurements in neonates are generally not used to detect
seizures [4,48-50].

PRL cannot be used post mortem to determine if a deceased
individual had a seizure before dying. It is possible that death
occurs before PRL is released from the pituitary gland [51,52].

3.1.1.2. Arginine vasopressin (AVP) and copeptin: potential new
biomarkers in the differential diagnosis. AVP (a.k.a. ADH)[53],is an
important regulator of the water and sodium homeostasis.
Simultaneously, AVP is part of the endocrine stress response and
is increased after ES [16,39].

Copeptin (ct-proAVP) is the C-terminus of pre-pro-AVP and
secreted together with it. In contrast to AVP, which is very
unstable, copeptin has a long serum half-life. It can be measured
reliably for days at room temperature and even weeks in frozen
samples.
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One study compared the interictal blood values of copeptin and
endothelin, but found no difference between patients with
syncope, epilepsy and 22 controls. Periictal investigations in ES,
PNES or syncope are still lacking [54].

A study on copeptin and prolactin was conducted on 161
children that presented to the ER with FC (n=83), fever without
convulsions (n=69) or ES without fever (GTCS n=7, CPS n=2).
Children with ES and with FC had higher levels of both copeptin
and prolactin. The diagnostic accuracy for differentiating between

Table 2

controls and FC was higher for copeptin with a sensitivity of 67.5%
and a specificity of 88.4% [55].
More information on copeptin is provided in Section 3.3.

3.1.1.3. Other pituitary hormones. ACTH and cortisol elevations
occur as a reaction to various stressful events including ES, PNES,
syncope and other stressors [25,29,37,56], even though they may
be accentuated in GTCS and CPS [17,57-59]. Elevations of GH were
reported in some studies on adults and children [17,60], but not

Overview and pooled analysis of studies with CK. CK elevations occur in ~45% of all GTCS. CK elevations can be used as an aid in the differential diagnosis of GTCS versus

syncope and PNES with low sensitivity but high specificity.

Author, Year Groups Age  Setting Time Elevated CK Comments
GTCS only Glotzner, 17 GTCS 22- ER 1 d through 7 d 14/17 (82.4%) Day 3: 82.4% CK elevations
1979 [73] patients 74 prospective with elevated CK
Chesson, 25 GTCS 23- ER 1h through 7 d 21/25 (84%) 84% CK elevations.
1983 [62] patients 88 prospective with elevated CK
Lahat,1989 [66] 52 FC patients 0.4- ER 1hand 24h 4/52 at 1h (7.6%) 1h: 7,6% elevations
5 prospective 18/52 at 24 h (34.6%) 24 h: 34.6% elevations
Yanagawa 15 GTCS 7-81 ER Admission 6/15 (40%) 40% CK elevations (secondary
2007 [71] patients prospective with elevated CK parameter besides NH3)
Hung, 30 GTCS >18 ER Admission 7/30 (23%) 23% CK elevations (secondary
2011 [80] patients prospective with elevated CK parameter besides NH3)
Sieweke 741 GTCS 17- ER Admission and stay 303 (40.1%) 40.1% CK elevations.
2012 [70] patients 89 retrospective (secondary parameter besides cTNI)
Our own, yet 207 GTCS 13- ER Admission and stay 122/207 (58.9%) 58.9% elevations.
unpublished data patients 88 retrospective Rhabdomyolysis with >50x upper
reference in 1.8%.
GTCS vs. Wyllie, 12 GTCS 5-47 V-EEG Daily for 1 week 6/12 GTCS patients (50%) Sensitivity 14.6%
PNES 1985 [72] patients prospective 6/42 GTC seizures (14.3%) Specificity 100%
41 GTC 0 of all SPS/CPS
seizures 0 of all PNES
15 CPS/SPS
patients
147 CP/SP
seizures
6 PNE patients
55 PNE
seizures
Willert 32 ES 18-  V-EEG 10 min - 24h after ES: 6/32 (18.75%) Sensitivity 19%
2004 [19] 12 PNES 62 prospective  seizure PNES: 0/12 Specificity 100%
16 CTRL after 24h
Holtkamp, 2006 [65] 8 SE 18- ER Within 24h SE: 7/8 (87.5%) Sensitivity 87.5%
8 PNES 77 retrospective PNES: 1/8 (12.5%) Specificity 87.5%
Syncope/ Petramfar, 20 GTCS adult ER 12-15h after GTCS: 15/20 (75%) PNES:  Sensitivity 75%
PNES 2009 [69] 20 PNES 22 prospective  admission 3/20 (15%) Specificity 85.5%
VVS VVS: 3/22 (13,6%)
20 control
GTCS vs. Libman, 42 ES patients >16  ER Same day GTCS: 18/42 (42.9%) Sensitivity 80%
syncope 1991 [67] 54 sync retrospective sync: 1/54 (1.85%) Specificity 94% (after 3h)
patients
Neufeld 16 GTCS adult ER On admission and ~ GTCS adm: 4/16 (25%) >1.5x elevation admission:
1997 [68] patients prospective  next day GTCS d2: 9/16 (56.2%) Sensitivity 12%,
17 syncope sync adm.: 1/17 (5.9%) Specificity 94%
patients sync d2: 2/17 (11.8%) >1.5x elevation day 2:
>15U/l rise in GTCS: 11/16 Sensitivity 25%, Specificity 100%
(68.75%) >15 U/l rise:
>15 U/l rise in sync: Sensitivity 69%, Specificity 94%.
1/17 (5.9%)
Goksu, 26 GTCS >16 ER Admission and 4h  On admission Sensitivity 34.6%
2009 [64] patients prospective GTCS: 3/26 (11.5%) Specificity 89.2%
37 sync Syncope: 3/37 (8.1%) After 4h
patients After 4h:

GTCS 9/26 (34.6%)
Syncope 4/37 (10.8%)

Pooled analysis of Wyllie, Willert, Holtkamp, Petramfar (95% confidence interval):
P <0.0001 Sensitivity 47.2% (35.3-59.35), Specificity 91.3% (79.2-97.6), PPV 89.5 (75.-97), NPV 52.5%. (41-63.8).
Pooled analysis of Libman, Neufeld, Petramfar, Goksu calculated with Fishers exact test (95% confidence interval):

P < 0.0001. Sensitivity 49% (39.1-59.35), Specificity 92.3% (86.3-96.25), PPV 83.6 (71.9-91.85), NPV 69.7%. (61.9-76.1).
Pooled percentage of CK elevations (all studies above): 45.1%
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replicated in others [15,17,60]. Both cortisol and GH levels can be
elevated after syncope [33].

Ghrelin and nesfatin-1 are hormonal regulators of hunger and
satisfaction. Interictal alterations have been found in epilepsy. One
study demonstrated postictal elevations of nesfatin-1 in 34
patients with GTCS, but none in PNES. Ghrelin levels were
decreased for one hour after a GTCS. Sensitivity, specificity or
predictive values were not provided [61].

3.1.2. Muscle enzymes in the differential diagnosis: creatine kinase
(CK) and myoglobin

CK catalyzes the phosphorylation of creatine and ADP to
creatinine phosphate and has the highest expression in energy
consuming organs such as muscle, heart and brain.

CK rises during the first 1-12 h and peaks after 24-72 h after
about 45% of GTCS (Table 2)[7,19,62-72]. CK elevations are unlikely
to occur in absence seizures, SPS and CPS [62,72,73], but are found
in ~35% of FC after 24h [66]. Despite significant differences
between physiological and seizure-mediated muscle contractions
| 74], the mechanism causing muscle damage after GTCS is thought
to be similar to that of exertional muscle damage: leakage from
muscles under high tension and hypoxemia [72].

A recent review specifically examined studies that distin-
guished PNES from ES [75]. The sensitivity of elevated CK levels in
this setting ranged from 14.6 to 87.5%, the specificity from 85 to
100%. PNES that are associated with vigorous motor activity are not
associated with CK elevations [65,72]. Some authors, however,
have questioned the use of CK measurements in the differential
diagnosis of ES versus PNES due to its low sensitivity [19].

Comparisons between GTCS and syncope show that the CK
elevations reportedly achieve a sensitivity of 12-75% and a
specificity of 85.5-100% [64,67-69]. The specificity increases if

sequential samples are collected, especially since syncope can lead
to at least mild CK elevations in up to 11%, possibly related to falls
[64,68]. Even if CK levels remain within the normal range, an
increase of >15 U/l within 24-48 h can be observed in two-thirds of
GTCS. There are no data available that specifically compare
convulsive syncope to GTCS.

In addition to CK, one study investigated myoglobin levels at
admission and 4h after syncope or GTCS. While CK elevations
differentiated between the two, myoglobin did not [64].

In summary, a transitory increase of CK helps distinguish GTCS
from syncope or PNES, but is not useful in ruling out GTCS or other
types of ES.

3.1.3. Metabolites that help to distinguish epileptic from non-epileptic
seizures

3.1.3.1. Ammonia: an emerging marker in the differential
diagnosis. Ammonia (NH3) is an end product of amino acid and
purine catabolism. If the hepatic capacity to metabolize ammonia
is exceeded, serum NHj3 levels rise and can lead to encephalopathy.
NHs is used in the diagnosis of hepatic and valproic acid (VPA)
encephalopathies, as well as inherited metabolic disorders.
Asymptomatic elevations of NH3 are common in patients of all
age groups who are treated with VPA [76]. Increasingly, ammonia
has evolved and is now a biomarker for GTCS.

A retrospective ER study found NH; elevations in 17/17 GTCS
patients (aged 7-81 years), with a spontaneous NH; decline the
next day [71].

A prospective ER study compared 31 ES patients to 51 patients
who displayed other reasons for impaired consciousness. Hyper-
ammonemia on arrival was found in 61.3% of the ES group and none
of the controls (other than hepatic encephalopathy). This would

Table 3
Overview of studies investigating elevations of NH3 after GTCS and other causes for loss of consciousness (LOC).
Author, Groups Age Setting Time Elevated NH3 Comments
Year
Hung, 2011 121 ES >18 ER, prospective Arrival GTCS: 76.5% Highest proportion of NH3 elevations in
[80] 102 GTCS Focal: 30.8% alcohol related GTCS
13 focal seizures SE: 66.7%
12 SE Alcohol related: 96.4%
28 alcohol related
Liy, 2010 31 ES (CPS/GTCS) >18 ER, prospective Arrival and after  NH3 elevation on arrival: ES: 19/ NH3 elevation on arrival
[77] 51 LOC other cause, (not 1-3h 31 (61.3%) Sensitivity: 61.3%
intubated), hepatic LOC: 10/51 (19.6%) Specificity: 80.4%
encephalopathy All LOC patients with NH3 Transient NH3 elevation
elevation had liver cirrhosis Sensitivity: 54.8%
Transient NH3 elevation Specificity: 100%
ES: 17/31 (54.8%)
LOC: 0/51 (0%)
Nakamura, 44 idiopathic GTCS >15 ER, retrospective  Arrival All GTCS: 22/52 (42.3%). High NH3 was associated with acidosis.
2013 [79] 8 vascular GTCS Proportions in subgroups not
(15 SE) given
Tomita, 207 convulsive LOC (“mostly” >16 ER, retrospective  Arrival Proportions not given NH3 elevation on arrival (cut-off-value:
2011 [81] GTCS). 65 pg/dl)
86 LOC of other causes Sensitivity: 53%
Specificity: 90%
Yanagawa, 17 GTCS 7-  ER, retrospective  Arrival 17/17 (100%) High NH3 was not associated with
2007 [71] 81 acidosis or CK.
Albadareen, 13 GTCS 8 focal ES >18 Video EEG Baseline, 60 min  Elevation percentages not Cutoff >80 pwmol/L Sensitivity: 53.9%

2016 [83] 9 PNES monitoring,

prospective

Sato, 2016
[181]

379 convulsive seizures >15 ER, retrospective  Arrival

& 24 h after event provided. GTCS: median NH3

Specificity: 100%
doubled

Focal ES/PNES: no change in
median NH3

183/379 (48.2%) Cutoff >50 wmol/L

Sensitivity: 48.2%

High NH3 was associated with male sex,
acidosis, lactate and longer seizures.

Pooled analysis of Hung, Liu, Nakamura, Yanagawa and Sato: elevated NH3 on arrival in the ER occurs in ~54.6% of GTCS.

" Not given in article, calculated by applying Fisher's exact test, p < 0.001.
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correspond to a sensitivity of 61.3% and a specificity of 80.4%. NH3
in ES spontaneously returned to baseline levels within 24 h, while
it persisted in liver patients [77]. “Transient hyperammonemia in
impaired consciousness” had a specificity of 100% and a sensitivity
of 54.8%. In a follow-up study, postictal hyperammonemia in 17
GTCS patients was associated with prolonged impairment of
consciousness [78].

A retrospective ER study reported transient hyperammonemia
in 42.3% of GTCS patients due to genetic (n=44) or vascular (n=38)
epilepsy to be associated with acidosis. Erythrocytes were
discussed as an alternative source of NHs release in acidemic
conditions [79].

A prospective ER study on 121 patients that excluded patients
with cirrhosis or who were taking VPA found that GTCS were
associated with transient hyperammonemia lasting 3-8 h in 76.5%,
non-convulsive seizures in 21.2%. Male gender, alcohol withdrawal
and SE were associated with higher NH; levels, as were decreased
bicarbonate, elevated CK, creatinine, diabetes and hypertension.
NH; levels did not predict death, ICU admission or repeated
seizures. The authors proposed NH3 as a new biomarker to fill the
time gap between PRL and CK, since PRL is of value only within
20 min postictally, while CK lags behind with a peak 24-48 h after
the seizure [80].

A similar ER study on 293 patients with disturbances of
consciousness found NHs levels to be twice as high in the
convulsion group (n=207) than in the control group (n=86). With
an NHj cutoff of 65 g/ml, sensitivity was 53% and specificity was
90%, with an odds ratio of 14.8 to discriminate convulsions from
other causes of impaired consciousness [81].

Another retrospective ER study on 379 patients with convulsive
ES found NH; elevations in 48.2% of cases [82]. Male sex, prolonged
seizures, elevated lactate and acidemia were associated with the
NHs elevations.

In a recent video-EEG-monitoring trial, the median NHs level in
13 patients doubled after GTCS, but remained unchanged after
PNES (n=9) and focal ES (n=8). An ammonia level of >80 xmol/L
could correctly classify 80% of the patients (sensitivity 53.9%,
specificity 100%) [83].

These data suggest that measurements of NHs levels following
assumed GTCS may be helpful in the differential diagnosis, e.g. if a
GTCS was not observed or is unclear. Table 3 presents an overview.

3.1.3.2. Lactate may become increasingly important in the differential
diagnostic process. Excess lactate from muscle tissue is a
common finding during the first 1-2h after a GTCS, but can
last longer in SE [84-89]. It can be aggravated by respiratory
acidosis due to airway or breathing impairment. Two studies
investigated the use of lactate in the differential diagnosis of GTCS
versus other causes of transient loss of consciousness. A
prospective ER study on 78 patients (22 GTCS, 34 unconscious
due to other causes, 22 with epilepsy but admitted for other
reasons) found lactate to be 97% specific and 73% sensitive [90]. A
large, retrospective ER study on 301 patients (195 GTCS, 37 CPS, 17
PNES, 52 syncope) found lactate levels of >2.45mmol/l to
distinguish GTCS from CPS, syncope and PNES with a
sensitivity of 88% and a specificity of 87% [91].

3.1.3.3. Uric acid is not helpful in the differential diagnosis. One
study of uric acid in 53 patients with ES and 42 patients with non-
epileptic events (14 syncope, 10 TIA, 7 tetanic, 7 hypoglycemic, 4
psychogenic) found increases both in ES and PNES [29]. For more
information on uric acid, see Section 3.3.

3.1.4. The cerebral stress markers NSE and S100B are of little value in
the differential diagnosis

3.1.4.1. Neuron specific enolase (NSE) has marginal clinical value in
everyday epileptology. NSE is the dominant enolase-isoenzyme of
neuronal and neuroendocrine tissues. It is used as a prognostic
marker after hypoxic and traumatic brain injuries [92-94], and as a
tumor marker for small cell lung and neuroendocrine cancer.

After earlier reports found NSE to be elevated in SE [95-97],
various studies have investigated NSE in serum and CSF after
seizures. Some authors found consistent NSE elevations in serum
after single seizures, especially GTCS and CPS [98,99]. In one study,
NSE measurements discriminated ES from syncope with a
sensitivity of 58% and specificity of 91% [100]. Other authors
identified NSE elevations only in about one-third of seizure
patients [19,101]. The different study results and interpretations
can, in part, be explained by the seizure type and seizure origin,
since temporal lobe seizures seemed to increase serum NSE levels
more often than extratemporal seizures [102].

In FC, NSE does not increase [103-106]. Additionally, no NSE
elevations were found in the severe pediatric seizure syndromes
that are associated with brain tissue damage such as West
syndrome [107].

3.1.4.2. Protein S100-B is of very limited clinical value in the
differential diagnostic process. Protein S100-B is a calcium-
binding protein found in astroglia, melanocytes, adipocytes and
chondrocytes. It can be measured in urine, serum and CSF to detect
severe brain damage such as in rapidly progressive dementias and
posthypoxic or posttraumatic states. Elevations due to
extracerebral sources can be found in shock, polytrauma and
melanoma, where it presents as a tumor progression marker [94].
In epilepsy, initial reports of rising serum S100-B in CSF measured
during implantation of foramen ovale electrodes, close to the site
of seizure onset [108] were not replicated in controlled,
prospective studies of seizures which measured S100-B in
serum [101,109,110] or CSF [66]. Further study results were
conflicting, as some authors reported no abnormalities in focal
or generalized epilepsy [111], whereas others found significant
changes in the case of temporal lobe epilepsy, which even
correlated with seizure activity and cognitive deficits [112]. In
certain clinical situations, interictal serum levels may be useful in
differentiating benign diseases from those having a more
dangerous course. For instance, serum S100-B was reportedly
normal in FC and parasomnias, but increased in children with
intractable epilepsy. An acute, severe differential diagnosis of
febrile seizures, such as acute encephalopathy with biphasic
seizures and late reduced diffusion, (a rare, immunologically-
mediated childhood syndrome), is accompanied by S100-B
elevations [113-117]. Currently, protein S100-B does not play a
routine role in detecting seizures or predicting complications, but
may be useful in specific circumstances. More information on
protein S100 can be found in Section 3.3.6.

Currently, neither NSE nor protein S100 is routinely used after
seizures.

3.1.5. Cardiac markers do not help discern ES from syncope

A study that systematically assessed NT-pro-BNP after seizures
in 18-60 year-old patients without prior heart disease who were
admitted to the ER <24 h after a transient loss of consciousness,
showed no difference between 12 syncope- and 15 ES-patients. The
authors did not regard NT-pro-BNP as a suitable marker in
distinguishing syncope from ES [ 118]. More information on cardiac
markers is provided in Section 3.3.2.
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3.2. Which blood tests help in establishing the etiology of epileptic
seizures?

Postictal blood samples may not only provide clues to the
differential diagnosis, but also hint towards the etiology of a
seizure. In the case of acute, symptomatic seizures due to
underlying endocrine, metabolic and electrolyte disorders as well
as infections and intoxications, rapid detection is crucial and may
be life-saving.

3.2.1. Endocrine disorders as a cause of seizures

Severe thyrotoxicosis, myxedema, hypoparathyroidism (hypo-
calcemia), diabetes mellitus (hypo/hyperglycemia) and pheochro-
mocytoma (hypertensive crisis) may lead to encephalopathies and
seizures [119,120].

3.2.2. Metabolic disturbances as a cause of seizures

Changes in the balance of ions and glucose and the resulting
disruptions in neuronal membrane potential and cellular energy
metabolism contribute to the initiation, evolution and cessation of
epileptic seizures, which in turn lead to systemic, metabolic
changes. Many studies that examined systemic changes of
electrolytes and glucose were conducted in the first half of the
20th century. The goals were to improve the pathophysiologic
understanding and to find a path towards the prediction and
treatment of seizures. Historical reviews with more than 200
referenced articles are available [89,121]. In summary, severe
aberrations in the metabolic panel facilitate the onset of epileptic
seizures and are usually not secondary to a preceding seizure [120].

3.2.2.1. Hypo- and hyperglycemic seizures. Hypoglycemic seizures
mostly occur in severe hypoglycemia (<50 mg/dl/2.8 mmol/l)

[120,122-124].  Hyperglycemia >400mg/dl  (22.2 mmol/l),
especially non-ketotic hyperosmolar states, may cause focal and
generalized seizures. The definition of neonatal hypoglycemia
remains somewhat controversial [125]. Thresholds for
intervention include glucose levels which measure <30mg/dl
(1.7 mmol/l1) in the first 2 h and <45 mg/dl (2.5 mmol/l) thereafter.

3.2.2.2. Seizures due to electrolyte disorders. Chronically present
mild to moderate electrolyte disturbances rarely cause seizures.
Acute and/or severe depletions commonly do, especially severe
hyponatremia (<125mmol/l in acute, <115mmol/l in chronic
cases), severe hypocalcemia (<1.25mmol/l; 5mg/dl), severe
hypomagnesemia  (<0.4 mmol/l; 1mg/dl) and  severe
hypophosphatemia (<0.32 mmol/l; 1 mg/dl). Interictal
encephalopathy is common. Infants with gastrointestinal disease
and febrile illness and elderly patients under polypharmaceutic
treatments are particularly vulnerable groups. Diuretics,
desmopressin, SSRI, laxatives in preparation for colonoscopy as
well as carbamazepine and derivatives cause hyponatremia.
Bisphosphonates may infrequently lead to hypocalcemia, and
proton pump inhibitors to hypomagnesemia. Other important
causes include malnourishment with a vitamin D deficiency,
endocrine disorders such as SIADH and hypoparathyroidism as
well as renal disease. Hypernatremia and hypercalcemia may cause
seizures occasionally but overall, depletions are more likely than
excess states to cause seizures. Hypokalemia and hyperkalemia do
not lead to seizures [120,126].

3.2.2.3. Liver and kidney disease as a cause of seizures. Hepatic
encephalopathy, notably in acute liver failure, is often
accompanied by subtle seizures and non-convulsive
status epilepticus [120,127,128]. Uremia can provoke seizures
due to wuremic neurotoxins, electrolyte disturbances and
hypertensive encephalopathy. “Twitch-convulsive-syndrome”

with fasciculations, asterixis, myoclonic jerks and seizures
typically accompanies uremic encephalopathy. Dialysis
dysequilibrium syndrome is now a rare cause of seizures
[119,120,129].

3.2.2.4. Inborn errors of metabolism. Even with the increasing
availability of genetic studies such as epilepsy gene panels,
conventional blood-, urine-, and CSF tests can be of great
importance in identifying inborn errors of metabolism, notably
in epilepsies of infancy and childhood. In order to identify
potentially treatable disorders, various metabolic studies are
utilized, some of which are included in newborn blood spot
screening tests, while other must be ordered separately. They
include glucose (e.g. GLUT-1-deficiency), lactate (e.g.
mitochondriopathies), ammonia (urea cycle defects), amino
acids (amino acid disorders), copper, coeruloplasmin (Menkes
disease), acyl carnitines (organic acidurias, maple syrup disease),
pipecolic acid and o-aminoadipic semialdehyde (pyridoxine
dependent epilepsy). A full review is beyond the scope of this
article, but can be found elsewhere [130].

3.2.3. Intoxication related seizures

Drug- or toxin-induced seizures result from exposure to or
withdrawal from prescribed, over-the-counter drugs or illicit drugs
and toxins. Suicide attempts with a drug overdose and illicit drug
abuse are the most common reasons for intoxication-related
seizures in adults and adolescents, while accidental ingestions are
more common in younger children [131]. Bupropion, SSRI,
tricyclical antidepressants, venlafaxine, antipsychotics, diphenhy-
dramine, tramadol, lithium, theophyllin and anticonvulsant drugs
themselves are amongst the most commonly implicated medi-
cations, while cocaine, amphetamines, MDMA, phencyclidine and
ketamine are the most frequently abused drugs [132-134]. Others
include local anesthetics, glycols, betalactam and fluoroquinolone
antibiotics, aciclovir, antiparasitics, antifungals, antiarrhythmics,
insulin, sulfonylureas, NSAR, immunosuppressives, anticholiner-
gics, antihistamines, cytostatic agents and more. Most drug-related
seizures occur within the setting of an overdose or an accumula-
tion in renal impairment. If the medical history is inconclusive and
drugs are on the differential diagnosis list, then toxicology screens
in urine or blood can be helpful for measuring the drug levels in the
blood.

Alcohol withdrawal seizures are the most common toxin-
related seizures. Exhaled air or blood alcohol levels are used to
measure the current degree of intoxication, elevated carbohydrate
deficient transferrin (CDT) and gamma-GT may indicate chronic
alcohol abuse. Withdrawal of anticonvulsants, baclofen, sedative-,
hypnotic- and gamma hydroxybutyric acid can lead to seizures as
well.

Seizures due to chemicals such as heavy metals, hydrocarbons,
organophosphates or carbon monoxide, plant- or fungal poisons,
e.g. belladonna alkaloids, water hemlock or false morel mushroom
are rare in comparison to drug related seizures and require specific
testing. A full list of toxins that are implicated in seizures is beyond
the scope of this article.

3.2.4. Seizures due to infections

In new-onset seizures, a thorough workup is indicated to rule
out infectious, parainfectious or autoimmune encephalitis,
meningitis and brain abscess, as these are common and treatable
causes of seizures. Fever, headache, meningismus and mental
status changes are red flags. Febrile seizures are an important
differential diagnosis in children. They affect 2-10% of children
aged 6 months to 5 years. Simple febrile seizures are solitary,
generalized convulsions that last <15 min, with rapid and full
postictal recovery and without the additional neurological signs
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and symptoms that most frequently develop in viral illnesses or
bacterial infections of the upper respiratory or urinary tract. They
are diagnosed on clinical grounds and the same applies for
recurrent, simple febrile seizures without additional signs of CNS
infection [135]. In <1 year old children and in case of pretreat-
ment with antibiotics, a lumbar puncture is recommended. CSF
analysis, imaging studies and empiric treatment are indicated if
meningismus is present and in all other scenarios of fever and
seizures except typical FC. The laboratory strategies used in the
differential diagnosis of neuroinfectious disease must take into
account the overall clinical context and include factors such as
age, immune status, geographic location, occupation and travel,
maternal history in the case of neonatal seizures, etc. They
include blood and CSF serological and/or PCR testing for viruses
(e.g. herpesviruses, enteroviruses, arboviruses), bacteria (e.g.
streptococci, meningococci, staphylococci, listeria, escherichia
coli, other gram negative rods, anaerobic gram positive rods and
cocci, spirochetes, mycobacteria), fungi (i.e. cryptococcus, candi-
da, aspergillus, histoplasma, blastomyces, coccidioides, sporo-
thrix), protozoa (e.g. toxoplasma, malaria, amebia) and parasites
(neurocysticercosis, echinococcus, angiostrongylus, toxocara,
trichinella, strongyoides, schistosoma). Seizures can occur in
septic encephalopathy. Common febrile illnesses, such as upper
respiratory or urinary tract infections, may lower the seizure
threshold in patients with epilepsy and be accompanied by
typical laboratory changes such as leukocytosis and CRP. A
thorough review is beyond the scope of this article, but recent
reviews exist [136-146].

3.2.5. Autoimmune mediated seizures

The various types of autoimmune encephalitis display a mostly
subacute onset of seizures, psychiatric and memory problems. In
the last decade, tremendous progress has been made in
characterizing various autoantibodies (e.g. Anti-Hu, Maz2-,
GAD65-, NMDA-, AMPA-, GABAas-, GABAg-, mGlu5-Receptor,
LGI1, CASPR2, DPPX, TPO) and their variable associations with
underlying cancers, unique clinical features and response to
immunosuppressive therapy. Demyelating disease, systemic lupus
erythematodes, vasculitis and other systemic autoimmune dis-
eases may be another cause of seizures. Due to the rapidly evolving
knowledge in this field, we refer to recent reviews elsewhere
[147-149].

3.3. Laboratory markers that help detect seizure consequences and
complications

3.3.1. Postictal endocrine dysfunction

Numerous studies have examined copeptin levels in critical
illness such as stroke, sepsis and myocardial infarction, where
elevations indicate a poor prognosis [150]. In ACS, copeptin
indicates the presence of myocardial ischemia [151]. As a general
stress marker, copeptin displayed mild elevations in perinatal
infant stress and in healthy students who were experiencing
psychological stress before taking exams [152-174].

In a multicenter, prospective ER study of 389 patients, copeptin
levels were found to be elevated after seizures occurred, but they
were unable to predict complications such as seizure recurrence,
mortality and hospitalizations [175].

Postictal gonadotropin elevations have little relevance in
seizure detection or the evaluation of acute complications. They
are, however, implicated in reproductive endocrine dysfunctions
such as polycystic ovary syndrome, amenorrhea and premature
menopause, all of which occur more frequently in women with
epilepsy, but can also occur in men with diminished libido and
potency. Several reviews are available on the subject [176-178].

3.3.2. Rhabdomyolysis

Rhabdomyolysis, which is the breakdown of muscle fibers,
results in the leakage of CK, myoglobin, lactate dehydrogenase,
aspartate transaminase and urate. Symptoms include myalgia,
muscle weakness and red or brown chromaturia. Less than 5% of
GTCS appear to induce rhabdomyolysis with more than a 50-fold
increase of CK levels (our own, yet unpublished data). About 7% of
rhabdomyolyses are due to GTCS [179,180], particularly alcohol-
related and multiple GTCS [63,67,181]. Other causes include drugs,
toxins, vigorous exercise, myopathies, endocrine and metabolic
disorders, systemic inflammation and trauma. The syndrome is
mostly benign, but can lead to acute renal failure (ARF), hyper-
kalemia, arrhythmia, intravascular coagulation, compartment
syndrome, hepatic dysfunction and even death in ~10% of severe
cases and up to ~50% of cases that are accompanied by ARF [180].

3.3.2.1. CK: the standard marker for rhabdomyolysis. Mild CK
elevations are a physiological response to strenuous physical
activity such as in GTCS. Various CK cut-off values define
rhabdomyolysis as a 5-fold, 10-fold or 50-fold increase above
the upper limits of the reference range. The risk of complications
correlates with the CK level. Elevations >15.000 U/l carry a 70% risk
of ARF, compared to 35% risk in elevations from 5000-15.000 U/l
[182]. Traumatic, septic or ischemic cases lead to more
complications than seizure-, exertion- or myopathy related ones.
In a clinical study involving 2371 patients, only 6% of seizure-
related cases led to the composite outcome of death or renal
replacement therapy, as compared to ~40% of cases related to
compartment syndrome or sepsis [ 183]. Arisk score that takes into
account cause, age, sex, CK and electrolytes, may be used for risk
estimates of renal failure and death [183]. Early volume expansion
with intravenous isotonic saline is the treatment of choice.
Solutions containing potassium and lactate should be avoided.

3.3.2.2. Mpyoglobin. Myoglobin is the oxygen carrying heme
protein of muscle tissues [184]. After muscle fibers are
damaged, it is released into the bloodstream within hours, then
it is filtered in the glomeruli and reabsorbed in the proximal
tubules [184]. If the reabsorption capacity is exceeded,
myoglobinuria can cause a reddish chromaturia. Myoglobin can
precipitate hypovolemia and increased intratubular pressure,
especially under acidemic conditions. Heme can add damage by
facilitating renal vasoconstriction and oxidative stress. While CK is
arisk marker for rhabdomyolysis-related renal damage, myoglobin
is the causative agent. Apart from a short serum half-life of 2-3 h,
serum and urine myoglobin measurements display
methodological problems. Few studies are available on
myoglobin and its relation to seizures. One study reported a rise
in serum myoglobin in 8/13 (61%) of GTCS patients; none
developed renal damage [185].

3.3.3. Postictal cardiac dysfunction

Many cerebral injuries can cause cardiac dysfunction [186-188].
and ES and SE are among the most prominent [189,190]. This led to
the hypothesis that sudden unexpected death in epilepsy (SUDEP)
could be caused by cardiac dysfunction in some of the cases.

GTCS lead to an ictal and postictal catecholamine surge, which
can mediate microvascular spasms, subendocardial ischemia,
tachyarrhythmias and motion abnormalities [191-193]. Indirect
signs of catecholaminergic activity (such as ictal tachycardias) are
very common and occur in up to 80% of seizures [194].
Simultaneously, intense muscular activity, apnea, tachycardia
and increased peripheral and pulmonary vascular resistance
expedite increased myocardial oxygen consumption, wall stress
and lung fluid flux, which can induce tachyarrhythmias, Takotsubo
cardiomyopathy and pulmonary edema.
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An alternative mechanism is a seizure-related, autonomic
dysfunction with bradycardia and repolarization disturbances,
such as QT-prolongation and increased T-wave alternans [195,196].
Attempts have been made to localize specific brain regions to types
of arrhythmias such as the temporal lobes and the insular cortex in
particular.

3.3.3.1. Postictal elevations of cardiac troponins are not always
benign. Cardiac troponins I and T (cTnl, cTnT) are not found in
skeletal muscle. CTn is widely used in the diagnosis of acute
coronary syndromes (ACS), since it can be detected 3-6 h following
the onset of chest pain and peaks after 12-16h [197].

Cardiac troponin elevations have been reported as unfavorable
prognostic markers in cerebrovascular accidents [196,198]. In one
study, cTnl elevations were reported in 17 of 89 patients (19%) with
acute, critical neurologic conditions. They occurred more frequent-
ly in patients who presented with seizures or developed seizures
during the course of their disease, although the seizures only
affected 7% in this study population [196].

An overview of troponin elevations after seizures is provided in
Table 4.

Woodruff and colleagues prospectively measured troponin 8,
24 and 48 h after seizures were monitored in 11 adults without
cardiac disease and found no elevations. They concluded that the

Table 4

troponin which is detected after a seizure occurs should never just
be attributed to the seizure alone but should instead lead to
prompt cardiologic investigations [199].

Alehan and colleagues measured cTnl along with CK-MB and
BNP 12 h and 7 days after convulsive seizures in 31 children [200].
They found no elevations of cTnl, but CK-MB and BNP elevations
were discovered 12 h after the seizure, which they interpreted as
evidence of subtle cardiac dysfunction. Of note, the postictal ECGs
were normal for all of the children.

In an ER study involving 49 patients aged 12-65 years with ES
and without cardiovascular risk factors, no elevations of cTnl or
other cardiac anomalies were found. Patients with repetitive
seizures did have higher cTnl levels, but their levels still remained
within the normal range [201].

Another study [202] investigated a group of 60 adult patients
who were referred to the ER after GTCS. ECG and echocardiography
tests were performed to exclude those patients with preexisting
cardiac conditions. The patients were then divided into two
subgroups defined by the presence of hypoxia (sO, < 90%). The cTnl
remained within the normal range for both groups, but the mean
cTnl value was significantly higher for the hypoxic group. The
authors attributed this to subtle cardiac injury.

A retrospective ER study detected cTNI elevations in 18 of 279
(6.5%) patients. ECG and echocardiography testing revealed

Summary of studies examining troponin elevations in epileptic seizures and status epilepticus. Elevations of cardiac troponin can be found in 6.7% of all reported 1469 seizure
patients and in 21.3% of 357 SE patients. The data are insufficient for providing estimates for individual seizure types. Most cases of troponin elevations that occur after a single
seizure appear benign, but serious events such as myocardial ischemia or Takotsubo syndrome may occur in 7.1% of seizure-related troponin elevations (~0.5% of seizures). In
SE, the rate of serious cardiac events appears to be higher, but exact data are not yet available.

Author Groups Age Setting Time Elevated Troponin Other Outcomes
epileptic Woodruff, 2003 7 CPS. 19-55 Video EEG Baseline, 8,24 No cTNI or cTNT elevations ECG normal in all patients.
seizures [199] 4 GTCS monitoring, and 48h
patients prospective
Alehan, 2009 [200] 12 FC 0.9-16 ER, 12 h after No cTNI elevations ECG normal in all patients. BNP and
19 GTCS prospective  event and CKMB elevated in FC and GTCS.
50 healthy daily for 7
patients days
Hajsadeghi, 2009 49 GTCS 12-65 ER, 6h after event No pathological elevations but No cardiac pathology in ECG or TTE.
[201] patients prospective  and daily for  higher cTNI after multiple
10 days seizures
Eskandarian, 2011 60 GTCS >12 ER, 6th and 10th  No pathological cTNI elevations No cardiac pathology in ECG or TTE.
[202] Patients, prospective  days after but higher cTNI in patients with
50% with seizure transient postictal hypoxia
hypoxia.
Schneider, 2010 279 ES Not ER, Not provided 18/279 (6.5%) Takotsubo syndrome in 5/18 patients.
[203] patients provided prospective cTNI elevations
Sieweke, 2012 [70] 741 GTCS 17-89 ER, On admission 50/741 (6.7%) No cardiac pathology in ECG. TTE or
patients retrospective CTNI elevations PTCA. Associated with age, elevated CK,
vascular risk factors.
Fawaz, 2014 [204] 14 GTCS 19-84 ER, On admission  4/14 (28.6%) No cardiac pathology in ECG. Associated
patients retrospective CTNT elevations with age and vascular risk factors.
Our own, yet 75 GTCS 13-88 ER, Within 24 h 9/75 cTNI elevations (12%) One case of NSTEMI and of STEMI.
unpublished data retrospective after
admission
status Chatzikonstaninou, 20 SPS Adult ER, On admission Overall: 27/247 (9,7%) No cardiac pathology in ECG. Associated
epilepticus 2015 [205] 50 CPS retrospective SE: 10/38 (26.3%) with age, SE, temporal lobe epilepsy,
177 GTCS ES: 17/209 (8.1%) vascular risk factors.
38 SE cTNI elevations
Soundarya, 2014 266 SE >18 ICU, During SE or  57/266 (21.4%) Associated with vascular risk factors but
[208] (NCSE, retrospective within 24h cTNI elevations not with age. Higher 30 day mortality in
GTCE) after CTNI patients.
excluding diagnosis
postanoxic.
Hocker, 2013 [209] 23 RSE Adult ICU, After onset of 9/23 (39.1%) Pathologic findings in multiple patients,
retrospective SE CTNI elevations e.g. arryhtmias, ST-changes, systolic
dysfunction. One case of NSTEMI.
Mehrpour, 2013 30 GTCSE, 12-60 ICU, Within 24 h No cTNI elevations No cardiac pathology reported.
[210] cardiac retrospective after
disease admission.

excluded
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Takotsubo cardiomyopathy in five patients, none of whom
complained of cardiac symptoms. In the other 13, no pathologic
findings (e.g. ACS) were diagnosed. The specific numbers were not
published for these subgroups, nor were the seizure types that
were encountered [203].

A large, retrospective ER study investigated cTnl in 741 patients
with GTCS. From this group, 50 (6.7%) showed a cTnl release. All
patients underwent echocardiography and ECG studies and a
coronary angiography was performed on 19. Neither ACS nor
Takotsubo syndrome were observed. CTnl elevations were
associated with higher age, elevated CK, further CK increases
and vascular risk factors. The authors concluded that cTnl
elevations are mostly found in patients with vascular risk factors
and prolonged seizures which they indirectly inferred from the
higher rates in CK [70].

A smaller ER study reported cTnT elevations in 4 out of 14
patients (28.6%) [204]. The affected were elderly and had
cardiovascular risk factors. ECG exams did not demonstrate
myocardial ischemia. The percentage of cTnT elevations seems
rather high, but may reflect the rather low patient number.
Interestingly, patients with CK elevations were excluded, which
demonstrates that cTnT elevations can occur independent of CK.

Another ER study [205] measured cTnl in 247 patients with ES
or SE and found elevations in 8.9% of ES and 26.3% of SE cases
(n=38). Preexisting CAD, vascular risk factors and a temporal
seizure focus increased the risk. ECG examinations revealed no
myocardial ischemia.

While single seizures are a benign event in most cases, SE
carries a significant morbidity and mortality risk. Cardiac changes
during SE play a major role, as demonstrated by ECG and post
mortem studies [206,207]. A retrospective analysis on cTnl values
in 266 patients with SE found elevations in 31% of patients with
additional vascular risk factors (n=166) and in 8.7% (n=66)
without additional vascular risk factors (n=66) [208].

A retrospective investigation on cardiac injury in refractory SE
found troponin elevations in 9 of 23 patients (39.1%) [209]. Overall,
signs of cardiac injury were found in two-thirds of patients both
with and without preexisting risk factors. A trend towards higher
mortality in the group with cardiac injury did not reach statistical
significance. The authors discuss both the role of neurocardiogenic
stress as well as highly dosed anticonvulsants and anesthetic
agents in the high rate of cardiac abnormalities encountered.

Another study on generalized SE included 30 patients aged
12-60 without preexisting cardiovascular diseases and revealed
contrasting results. No elevation of cTnl was found. The authors
explained this important discrepancy by stating that their patients
were less severely affected and preexisting cardiovascular prob-
lems were excluded. They concluded that cTnl is too insensitive to
accurately measure subtle changes in cardiac disturbances found
in SE [210].

These data suggest that troponin measurements after a single
GTCS are not generally warranted, but may be particularly useful in
patients who are older than 50 years of age, have preexisting
cardiovascular risk factors or heart disease, and who suffer from a
status epilepticus. If troponin elevations are found after a seizure, a
cardiac workup is recommended.

3.3.3.2. Postictal changes of natriuretic peptides may indicate subtle
cardiac dysfunction. Natriuretic peptides (ANP, BNP, CNP) possess
natriuretic, diuretic and vasodilatory effects. BNP and its precursor,
NT-pro-BNP, help assess heart failure and may have implications
for stroke care [211-215].

The release of natriuretic peptides while seizures occur was first
detected in a rodent model [216] and later demonstrated in a case
report involving seizures, polyuria and pyrexia [217].

An ER study [218] assessed BNP and NT-pro-BNP in 65 children
with FC (n=33), GTCS (n=12), partial ES (n=16), syncope (n=4)
and controls (n=31). A significant, 1.5- to 2-fold increase in NT-pro-
BNP 4 h postictally was revealed in children with GTCS and FC,
particularly in prolonged FC. NT-pro-BNP returned to baseline after
24-48 h. Cardiologic examinations were normal.

A similar study [200] in 31 children with FC or GTCS
demonstrated that BNP increased ~3-fold 12h after seizures
occurred and returned to normal within 7 days. The CK-MB was
increased ~1.5-fold, while troponin and ECGs remained normal,
thus indicating subtle cardiac dysfunction.

3.3.4. Postictal, acute renal failure

Rhabdomyolysis, postictal lactic acidosis, hyperthermia and
hypovolemia are mediators of ARF which occurs after a GTCS
[185,219-222]. While frank ARF is rare, there is convincing
evidence for subtle renal damage at least in GTCS and FC
[185,223]. Treatment includes fluid substitution, urine alkalization
and dialysis, if needed.

3.3.5. Postictal elevations of uric acid can contribute to acute kidney
injury

Uric acid is the final product of human purine metabolism.
During seizures, nucleosides are released from muscles, neurons
and glia. Serum nucleotidase activity is increased for ~60 min
postictally, which may further the production of uric acid [224].

Two case series involving GTCS or SE reported increases in
serum uric acid and ARF [220,225]. Increased muscle protein
breakdown and excess release of hypoxanthin from hypoxic tissues
were suggested mechanisms [226]. One case report described
generalized SE without rhabdomyolysis, but with hyperuricemia,
lactic acidosis, hyperthermia and hypovolemia. These conditions
increase the likelihood of urate precipitation. In this case, the
constellation led to urate nephropathy-mediated ARF [221].

3.3.6. Transient lactic acidosis: a typical consequence of GTCS

The degree of lactic acidosis is not correlated with the
neuropathologic damage in SE [88]. A single study found severe
lactic acidosis to be a risk factor for recurrent seizures in the
following 4-6h, particularly with a pH<7245 or a lactate
>7.65 mmol/L [227]. For more information on lactate, see
Section 3.1.3.2.

3.3.7. Postictal liver dysfunction must prompt a review of the
administered anticonvulsants

Mild to moderate elevations of liver transaminases are
commonly found in patients taking anticonvulsants, whereas
signs of abnormal liver function are uncommon following a single,
uncomplicated seizure. In contrast, hepatic dysfunction and frank
liver failure can follow prolonged seizures and status epilepticus,
mostly within the context of polypharmacotherapy and especially
in those patients with POLG mutations [228-230]. AEDs such as
valproate, phenytoin, carbamazepine, phenobarbital, felbamate
(and less often lamotrigine) may lead to elevated liver enzymes
and even liver failure [231].

3.3.8. GTCS are followed by subtle changes in glucose and electrolytes

Glucose may increase slightly during seizures and can be
expected to fall within the normal or slightly elevated range
postictally [89,121]. Postictal glucose mostly depends on the
preictal glucose level. GTCS may lead to transient hypernatremia
due to shifts of extra- and intracellular osmolytes [126]. Postictal
hyperkalemia may indicate rhabdomyolysis or renal injury after
GTCS.
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3.3.9. Postictal inflammatory reactions are mostly benign but can
indicate an infectious complication

Apart from inflammation as a cause of seizures, ES and
especially SE inversely lead to an inflammatory reaction with
transient hyperthermia, leukocytosis and elevation of inflamma-
tory cytokines.

Postictal changes in the blood count include leukocytosis,
which is attributed to vigorous muscular activity and the periictal
release of catecholamines, cortisol and proinflammatory cytokines.

Postictal leukocytosis tends to be moderate with an average
increase of ~5000/.l after GTCS and ~2500 after CPS, and resolves
within 24h [193,232]. One video-EEG monitoring study of 22
patients reported a mean postictal leukocyte increase of 13% after
CPS and an increase of 138% after GTCS [193], Leukocytosis is
correlated with epinephrine release. Another video-EEG study
demonstrated leukocytosis after 36% of GTCS and 7% of CPS, but not
after SPS or PNES [20]. Two ER studies found leukocytosis in 37.1%
and 48.4% of patients with seizures as secondary study parameters
[77,80]. A study on SE showed leukocytosis from 12,700 to 28,000/
pl in 62% of cases that was unrelated to infection [88].

After seizures occur, the interpretation of leukocytosis must be
conducted within the context of the overall clinical picture. In the
case of new-onset seizures, hyperthermia and leukocytosis,
infections must be ruled out. Depending on the overall clinical
picture, treatment may be limited to a careful physical exam and a
repeated laboratory test or lead to more expansive testing
involving lumbar punctures, imaging and empiric administration
of antibiotics.

Apart from leukocytosis, seizures lead to a transient, but
marked, inflammatory response with release of cytokines such as
interleukin-1beta, interleukin-6 and tumor necrosis factor alpha. A
detailed review is available by Li and colleagues [233]. Marked or
sustained elevations of c-reactive protein, procalcitonin and other
clinical markers of a systemic inflammatory response should not
be attributed to a seizure alone, and should prompt the search for
an infectious etiology or complication. Aspiration pneumonia is
one particular infection which should be taken into consideration.
It develops in ~0.3% in otherwise healthy GTCS patients, but is far
more common in the multimorbid elderly and particularly in those
patients who are institutionalized or intellectually disabled [234].

3.3.10. The prognostic value of protein S100-B after single GTCS is very
limited

In a multicenter, prospective study of 389 patients, serum S-
100B was found to be elevated after seizures occurred, but it could
not predict seizure recurrence, mortality or rehospitalization [175].
For more information on S100, see Section 3.1.4.2.

3.3.11. Other postictal complications

While laboratory tests can help in the management of seizure-
related injuries and psychiatric complications, they are, first and
foremost, detected and monitored clinically and are therefore not
part of this review.

4. Conclusions

In conclusion, we will attempt to answer the short, but clinically
relevant, question, “What laboratory tests are useful after seizures
occur?"”

4.1. Diagnosis of an event type: ES, PNES or syncope?

No laboratory values can definitely prove or rule out epileptic
seizures. CK and PRL elevations can provide valuable information
in support of an ES diagnosis, provided that the blood samples are
drawn at the appropriate time points (PRL within 20 min

postictally, CK at any time postictally with an expected peak after
24-48 h). Transient leukocytosis, hyperammonemia and lactic
acidosis may also point towards GTCS if samples are drawn quickly
after the event. The exact kinetics for these markers are still
unknown.

4.2. Diagnosis of etiology: what is causing the seizures in my patient?

For those seizures with an unknown cause, simple blood tests
can be of value in order to quickly determine the etiology in the
case of glycemic or electrolyte derailments, renal or liver failure,
thyrotoxicosis and myxedema. If inborn errors of metabolism are
suspected, screening panels or hypothesis driven, specific tests can
be applied. Marked or prolonged leukocytosis, elevated C-reactive
protein or procalcitonin point towards neuroinfectious disease or
septic encephalopathy and should be followed-up. Lumbar
punctures with virology and microbiology testing are recom-
mended in this case (excluding typical, febrile convulsions).
Autoantibody panels are now commonly used and permit early
detection of limbic encephalitis. Both toxicology screening and the
measurement of serum drug levels in prescription drugs help
identify intoxication or withdrawal-related seizures.

4.3. Prognostication: what complications can arise from a given
seizure?

CK, electrolytes, creatinine, liver and renal function tests should
be conducted at least once for a GTCS that was considered
sufficiently severe by the patient (or their caregiver) to present at
an ER, especially after prolonged seizures, status epilepticus and
after the first seizure. Significant elevations in CK which are
detected early on may indicate rhabdomyolysis and renal failure in
the days to follow and should lead to hospital admission. In cases
involving postictal, acute renal failure without rhabdomyolysis, the
elevated uric acid could be the culprit. Troponin elevations
occasionally point towards myocardial infarction, stress cardio-
myopathy or other grave cardiac complications, but are benign in
most cases. A 12-lead ECG and repeated measurement of troponin
should be performed in all patients with troponin elevations, and a
more comprehensive cardiac workup is advisable at least for those
patients with cardiovascular risk factors or for patients older than
50 years of age (if patients display no other clinical signs of
myocardial infarction).

Conflicts of interest

R. Surges has received speaker fees or honorary for serving on
the advisory board from Bial, Cyberonics, Desitin, EISAI, Novartis
and UCB Pharma. C.E. Elger has received speaker fees from EISAI,
Novartis and UCB Pharma. The authors declare that there is no
conflict of interest regarding the publication of this paper.

Acknowledgement

We thank Mrs. Karen Woermann for her immense help in
finalizing the manuscript.

References

[1] Surges R, Thijs RD, Tan HL, Sander JW. Sudden unexpected death in epilepsy:
risk factors and potential pathomechanisms. Nat Rev Neurol 2009;5(9):492-
504.

[2] Rao ML, Stefan H, Bauer ]. Epileptic but not psychogenic seizures are
accompanied by simultaneous elevation of serum pituitary hormones and
cortisol levels. Neuroendocrinology 1989;49(1):33-9.

[3] Trimble MR. Serum prolactin in epilepsy and hysteria. Br Med ] 1978;2
(6153):1682.


http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0005
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0005
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0005
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0010
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0010
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0010
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0015
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0015

62 R.D. Nass et al./Seizure 47 (2017) 51-65

[4] Chen DK, So YT, Fisher RS. Use of serum prolactin in diagnosing epileptic
seizures: report of the Therapeutics and Technology Assessment Subcom-
mittee of the American Academy of Neurology. Neurology 2005;65(5):668-
75.

[5] Parra A, Velasco M, Cervantes C, Munoz H, Cerbon MA, Velasco F. Plasma
prolactin increase following electric stimulation of the amygdala in humans.
Neuroendocrinology 1980;31(1):60-5.

[6] Bauer ]. Epilepsy and prolactin in adults: a clinical review. Epilepsy Res
1996;24(1):1-7.

[7] Wyllie E, Luders H, MacMillan JP, Gupta M. Serum prolactin levels after
epileptic seizures. Neurology 1984;34(12):1601-4.

[8] Abbott RJ, Browning MC, Davidson DL. Serum prolactin and cortisol
concentrations after grand mal seizures. ] Neurol Neurosurg Psychiatry
1980;43(2):163-7.

[9] Dana-Haeri J, Trimble M, Oxley ]. Prolactin and gonadotrophin changes
following generalised and partial seizures. ] Neurol Neurosurg Psychiatry
1983;46(4):331-5.

[10] Collins WC, Lanigan O, Callaghan N. Plasma prolactin concentrations
following epileptic and pseudoseizures. ] Neurol Neurosurg Psychiatry
1983;46(6):505-8.

[11] Pritchard 3rd PB, Wannamaker BB, Sagel ], Nair R, DeVillier C. Endocrine
function following complex partial seizures. Ann Neurol 1983;14(1):27-32.

[12] Dana-Haeri J, Trimble MR. Prolactin and gonadotrophin changes following
partial seizures in epileptic patients with and without psychopathology. Biol
Psychiatry 1984;19(3):329-36.

[13] Tharyan P, Kuruvilla K, Prabhakar S. Serum prolactin changes in epilepsy and
hysteria. Indian ] Psychiatry 1988;30(2):145-52.

[14] Johansson F, von Knorring L. Changes in serum prolactin after electrocon-
vulsive and epileptic seizures. Eur Arch Psychiatry Neurol Sci 1987;236
(5):312-8.

[15] Takeshita H, Kawahara R, Nagabuchi T, Mizukawa R, Hazama H. Serum
prolactin: cortisol and growth hormone concentrations after various
epileptic seizures. Jpn J Psychiatry Neurol 1986;40(4):617-23.

16 Aminoff MJ, Simon RP, Wiedemann E. The hormonal responses to generalized
tonic-clonic seizures. Brain 1984;107(Pt. 2):569-78.

[17] Culebras A, Miller M, Bertram L, Koch ]. Differential response of growth
hormone: cortisol, and prolactin to seizures and to stress. Epilepsia 1987;28
(5):564-70.

[18] Oxley ], R.M, Dana-Haeri ], Trimble M. Evaluation of prolonged 4-channel
EEG-taped recordings and serum prolactin levels in the diagnosis of epileptic
and non epileptic seizures. Advances in epileptology: Xlith Epilepsy
International Symposium. New York: Raven Press; 1981.

[19] Willert C, Spitzer C, Kusserow S, Runge U. Serum neuron-specific enolase:
prolactin, and creatine kinase after epileptic and psychogenic non-epileptic
seizures. Acta Neurol Scand 2004;109(5):318-23.

[20] Shah AK, Shein N, Fuerst D, Yangala R, Shah ], Watson C. Peripheral WBC
count and serum prolactin level in various seizure types and nonepileptic
events. Epilepsia 2001;42(11):1472-5.

[21] Alving ]. Serum prolactin levels are elevated also after pseudo-epileptic
seizures. Seizure 1998;7(2):85-9.

[22] Fisher RS, Chan DW, Bare M, Lesser RP. Capillary prolactin measurement for
diagnosis of seizures. Ann Neurol 1991;29(2):187-90.

[23] Wroe S], Henley R, John R, Richens A. The clinical value of serum prolactin
measurement in the differential diagnosis of complex partial seizures.
Epilepsy Res 1989;3(3):248-52.

[24] Laxer KD, Mullooly JP, Howell B. Prolactin changes after seizures classified by
EEG monitoring. Neurology 1985;35(1):31-5.

[25] Pritchard 3rd PB, Wannamaker BB, Sagel ], Daniel CM. Serum prolactin and
cortisol levels in evaluation of pseudoepileptic seizures. Ann Neurol 1985;18
(1):87-9.

[26] Anzola GP. Predictivity of plasma prolactin levels in differentiating epilepsy
from pseudoseizures: a prospective study. Epilepsia 1993;34(6):1044-8.

[27] Singh UK, Jana UK. Plasma prolactin in epilepsy and pseudoseizures. Indian
Pediatr 1994;31(6):667-9.

[28] Mishra V, Gahlaut DS, Kumar S, Mathur GP, Agnihotri SS, Gupta V. Value of
serum prolactin in differentiating epilepsy from pseudoseizure. ] Assoc Phys
India 1990;38(11):846-7.

[29] Pohlmann-Eden B, Wellhdusser H, Stefanou A, Schmidt R. Correlation of
serum prolactin and cortisol values with paroxysmal disorders of epileptic
and non-epileptic origin and their clinical value. Fortschr Neurol Psychiatr
1993;61(11):363-8.

[30] Yerby MS, van Belle G, Friel PN, Wilensky AJ. Serum prolactins in the
diagnosis of epilepsy: sensitivity, specificity, and predictive value. Neurology
1987;37(7):1224-6.

[31] Ehsan T, Fisher RS, Johns D, Lukas RJ, Blum D, Eskola ]. Sensitivity and
specificity of paired capillary prolactin measurement in diagnosis of seizures.
] Epilepsy 1996;9(2):101-5.

[32] Oribe E, Amini R, Nissenbaum E, Boal B. Serum prolactin concentrations are
elevated after syncope. Neurology 1996;47(1):60-2.

[33] Theodorakis GN, Markianos M, Livanis EG, Zarvalis E, Flevari P, Kremastinos
DT. Hormonal responses during tilt-table test in neurally mediated syncope.
Am ] Cardiol 1997;79(12):1692-5.

[34] Ahmad S, Beckett MW. Value of serum prolactin in the management of
syncope. Emerg Med ] 2004;21(2):e3.

[35] Lusicl, Pintaric I, Hozo I, Boic L, Capkun V. Serum prolactin levels after seizure
and syncopal attacks. Seizure 1999;8(4):218-22.

[36] Cordingley G, Brown D, Dane P, Harnish K, Cadamagnani P, O'Hare T. Increases
in serum prolactin levels associated with syncopal attacks. Am ] Emerg Med
1993;11(3):251-2.

[37] Dirik E, et al. Serum cortisol and prolactin levels in childhood paroxysmal
disorders. Acta Paediatr Jpn 1996;38(2):118-20.

[38] Zelnik N, et al. Prolactin and cortisol levels in various paroxysmal disorders in
childhood. Pediatrics 1991;88(3):486-9.

[39] Meierkord H, Shorvon S, Lightman SL. Plasma-concentrations of prolactin:
noradrenaline, vasopressin and oxytocin during and after a prolonged
epileptic seizure. Acta Neurol Scand 1994;90(2):73-7.

[40] Bauer J, Kaufmann P, Klingmuller D, Elger CE. Serum prolactin response to
repetitive epileptic seizures. ] Neurol 1994;241(4):242-5.

[41] Siniscalchi A, Gallelli L, Mercuri NB, De Sarro G. Serum prolactin levels in
repetitive temporal epileptic seizures. Eur Rev Med Pharmacol Sci 2008;12
(6):365-8.

[42] Bauer J, Kaufmann P, Elger CE, Klingmuller D. Similar postictal serum
prolactin response in complex partial seizures of temporal or frontal lobe
onset. Arch Neurol 1994;51(7):645-6.

[43] Sperling MR, Pritchard 3rd PB, Engel Jr. ], Daniel C, Sagel J. Prolactin in partial
epilepsy: an indicator of limbic seizures. Ann Neurol 1986;20(6):716-22.

[44] Meierkord H, Shorvon S, Lightman S, Trimble M. Comparison of the effects of
frontal and temporal lobe partial seizures on prolactin levels. Arch Neurol
1992;49(3):225-30.

[45] Sifianou P, Mengreli C, Makaronis G, Pantelakis S. Prolactin levels in febrile
and afebrile seizures. Eur J Pediatr 1995;154(11):925-7.

[46] Fein JA, Lavelle JM, Clancy RR. Using age-appropriate prolactin levels to
diagnose children with seizures in the emergency department. Acad Emerg
Med 1997;4(3):202-5.

[47] Zelnik N, Kahana L, Rafael A, Besner I, lancu TC. Prolactin and cortisol-levels in
various paroxysmal disorders in childhood. Pediatrics 1991;88(3):486-9.

[48] Kilic S, Tarim O, Eralp O. Serum prolactin in neonatal seizures. Pediatr Int
1999;41(1):61-4.

[49] Morales A, Bass NE, Verhulst S]. Serum prolactin levels and neonatal seizures.
Epilepsia 1995;36(4):349-54.

[50] Legido A, Lago P, Chung H]J, Sperling M, Clancy RR. Serum prolactin in
neonates with seizures. Epilepsia 1995;36(7):682-6.

[51] Opeskin K, Clarke I, Berkovic SF. Prolactin levels in sudden unexpected death
in epilepsy. Epilepsia 2000;41(1):48-51.

[52] Miller EJ, Nelson GM, Shultz JJ, Davis GG. Diagnosis of sudden unexplained
death in epilepsy by immunohistochemical staining for prolactin in cerebral
vessels. Am ] Forensic Med Pathol 2003;24(1):28-31.

[53] Morgenthaler NG, Struck J, Jochberger S, Diinser MW. Copeptin: clinical use
of a new biomarker. Trends Endocrinol Metab 2008;19(2):43-9.

[54] Rash A, McRae M, Fatehi |, Richie D, Solbiati M, Pillay N, et al. Assessment of
endothelin and copeptin as biomarkers for vasovagal syncope. Eur J Clin
Invest 2016;46(2):141-5.

[55] Stocklin B, Fouzas S, Schillinger P, Cayir S, Skendaj R, Ramser M, et al.
Copeptin as a serum biomarker of febrile seizures. PLoS One 201510(4).

[56] Mehta SR, Dham SK, Lazar Al, Narayanswamy AS, Prasad GS. Prolactin and
cortisol levels in seizure disorders. ] Assoc Phys India 1994;42(9):709-12.

[57] Rao ML, Stefan H, Bauer ]. Epileptic but not psychogenic seizures are
accompanied by simultaneous elevation of serum pituitary-hormones and
cortisol-levels. Neuroendocrinology 1989;49(1):33-9.

[58] Molaie M, Culebras A, Miller M. Nocturnal plasma prolactin and cortisol
levels in epileptics with complex partial seizures and primary generalized
seizures. Arch Neurol 1987;44(7):699-702.

[59] Takeshita H, Kawahara R, Nagabuchi T, Mizukawa R, Hazama H. Serum
prolactin: cortisol and growth-hormone concentrations after various
epileptic seizures. Jpn J Psychiatry Neurol 1986;40(4):617-23.

[60] Aminoff M], Simon RP, Wiedemann E. The hormonal responses to generalized
tonic-clonic seizures. Brain 1984;107(June):569-78.

[61] Aydin S, DagE, Ozkan, Arslan O, Koc G, Bek S, et al. Time-dependent changes
in the serum levels of prolactin: nesfatin-1 and ghrelin as a marker of
epileptic attacks young male patients. Peptides 2011;32(6):1276-80.

[62] Chesson AL, Kasarskis EJ, Small VW. Postictal elevation of serum creatine
kinase level. Arch Neurol 1983;40(5):315-7.

[63] Glotzner FL. Creatine kinase in serum after generalized seizures. Arch Neurol
1979;36(10):661.

[64] Goksu E, Oktay C, Kilicaslan I, Kartal M. Seizure or syncope: the diagnostic
value of serum creatine kinase and myoglobin levels. Eur J Emerg Med
2009;16(2):84-6.

[65] Holtkamp M, Othman J, Buchheim K, Meierkord H. Diagnosis of psychogenic
nonepileptic status epilepticus in the emergency setting. Neurology 2006;66
(11):1727-9.

[66] LahatE, Eshel G, Heyman E, Bar J, Katz Y, Aladjem M. Elevated serum creatine
kinase: Following febrile seizures. Clin Pediatr (Phila) 1989;28(10):449-51.

[67] Libman MD, Potvin L, Coupal L, Grover SA. Seizure vs. syncope: measuring
serum creatine kinase in the emergency department. ] Gen Intern Med
1991;6(5):408-12.

[68] Neufeld MY, Treves TA, Chistik V, Korczyn AD. Sequential serum creatine
kinase determination differentiates vaso-vagal syncope from generalized
tonic-clonic seizures. Acta Neurol Scand 1997;95(3):137-9.

[69] Petramfar P, Yaghoobi E, Nemati R, Asadi-Pooya AA. Serum creatine
phosphokinase is helpful in distinguishing generalized tonic-clonic seizures
from psychogenic nonepileptic seizures and vasovagal syncope. Epilepsy
Behav 2009;15(3):330-2.


http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0020
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0020
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0020
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0020
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0025
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0025
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0025
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0030
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0030
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0035
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0035
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0040
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0040
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0040
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0045
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0045
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0045
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0050
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0050
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0050
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0055
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0055
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0060
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0060
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0060
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0065
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0065
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0070
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0070
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0070
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0075
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0075
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0075
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0080
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0080
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0085
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0085
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0085
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0090
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0090
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0090
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0090
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0095
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0095
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0095
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0100
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0100
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0100
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0105
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0105
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0110
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0110
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0115
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0115
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0115
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0120
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0120
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0125
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0125
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0125
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0130
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0130
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0135
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0135
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0140
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0140
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0140
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0145
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0145
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0145
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0145
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0150
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0150
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0150
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0155
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0155
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0155
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0160
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0160
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0165
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0165
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0165
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0170
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0170
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0175
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0175
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0180
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0180
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0180
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0185
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0185
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0190
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0190
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0195
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0195
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0195
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0200
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0200
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0205
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0205
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0205
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0210
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0210
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0210
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0215
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0215
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0220
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0220
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0220
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0225
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0225
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0230
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0230
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0230
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0235
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0235
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0240
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0240
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0245
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0245
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0250
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0250
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0255
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0255
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0260
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0260
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0260
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0265
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0265
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0270
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0270
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0270
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0275
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0275
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0280
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0280
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0285
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0285
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0285
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0290
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0290
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0290
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0295
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0295
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0295
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0300
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0300
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0305
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0305
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0305
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0310
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0310
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0315
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0315
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0320
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0320
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0320
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0325
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0325
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0325
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0330
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0330
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0335
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0335
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0335
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0340
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0340
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0340
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0345
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0345
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0345
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0345

R.D. Nass et al./Seizure 47 (2017) 51-65 63

[70] Sieweke N, Allendorfer ], Franzen W, Feustel A, Reichenberger F, Pabst W,
et al. Cardiac Troponin I elevation after epileptic seizure. BMC Neurol
2012;12:58.

[71] Yanagawa Y, Nishi K, Sakamoto T. Hyperammonemia is associated with
generalized convulsion. Intern Med 2008;47(1):21-3.

[72] Wyllie E, Lueders H, Pippenger C, VanLente F. Postictal serum creatine kinase
in the diagnosis of seizure disorders. Arch Neurol 1985;42(2):123-6.

[73] Glotzner FL, Planner M, Gaab M. Creatine kinase in serum after grand mal
seizures. Eur Neurol 1979;18(6):399-404.

[74] Conradsen I, Wolf P, Sams T, Sorensen HB, Beniczky S. Patterns of muscle
activation during generalized tonic and tonic-clonic epileptic seizures.
Epilepsia 2011;52(11):2125-32.

[75] Brigo F, Igwe SC, Erro R, Bongiovanni LG, Marangi A, Nardone R, et al. Postictal
serum creatine kinase for the differential diagnosis of epileptic seizures and
psychogenic non-epileptic seizures: a systematic review. ] Neurol 2015;262
(2):251-7.

[76] Chicharro AV, de Marinis AJ, Kanner AM. The measurement of ammonia
blood levels in patients taking valproic acid: looking for problems where they
do not exist? Epilepsy Behav 2007;11(3):361-6.

[77] Liu KT, Lee CW, Yang SC, Yeh IJ, Lin TJ, Su CS. Postictal transient
hyperammonemia as an indicator of seizure disorder. Eur Neurol 2010;64
(1):46-50.

[78] Liu KT, Yang SC, Yeh IJ, Lin T], Lee CW. Transient hyperammonemia associated
with postictal state in generalized convulsion. Kaohsiung ] Med Sci 2011;27
(10):453-6.

[79] Nakamura K, Yamane K, Shinohara K, Doi K, Inokuchi R, Hiruma T, et al.
Hyperammonemia in idiopathic epileptic seizure. Am ] Emerg Med 2013;31
(10):1486-9.

[80] Hung TY, Chen CC, Wang TL, Su CF, Wang RF. Transient hyperammonemia in
seizures: a prospective study. Epilepsia 2011;52(11):2043-9.

[81] Tomita K, Otani N, Omata F, Ishimatsu S. Clinical significance of plasma
ammonia in patients with generalized convulsion. Intern Med 2011;50
(20):2297-301.

[82] Sato K, Arai N, Omori A, Hida A, Kimura A, Takeuchi S. Hyperammonaemia
and associated factors in unprovoked convulsive seizures: a cross-sectional
study. Seizure 2016;43:6-12.

[83] Albadareen R, Gronseth G, Landazuri P, He ], Hammond N, Uysal U. Postictal
ammonia as a biomarker for electrographic convulsive seizures: A
prospective study. Epilepsia 2016;57:1221-7.

[84] Orringer CE, Eustace JC, Wunsch CD, Gardner LB. Natural history of lactic
acidosis after grand-mal seizures: a model for the study of an anion-gap
acidosis not associated with hyperkalemia. N Engl ] Med 1977;297(15):796-
9.

[85] Brivet F, Bernardin M, Cherin P, Chalas ], Galanaud P, Dormont ]J.
Hyperchloremic acidosis during grand mal seizure lactic acidosis. Intensive
Care Med 1994;20(1):27-31.

[86] Wijdicks EF, Hubmayr RD. Acute acid-base disorders associated with status
epilepticus. Mayo Clin Proc 1994;69(11):1044-6.

[87] Lipka K, Bulow HH. Lactic acidosis following convulsions. Acta Anaesthesiol
Scand 2003;47(5):616-8.

[88] Simon RP. Physiologic consequences of status epilepticus. Epilepsia 1985;26
(Suppl. 1):S58-66.

[89] Goldstein H, McFarland RA. The biochemistry of epilepsy. A review. Am ]
Psychiatry 1940;96(4):771-850.

[90] Hazouard E, Dequin PF, Lanotte R, Legras A, Ferrandiere M, Perrotin D. Losing
consciousness: role of the venous lactate levels in the diagnosis of convulsive
crises. Presse Med 1998;27(13):604-7.

[91] Matz O, Zdebik C, Zechbauer S, Biindgens L, Litmathe ], Willmes K, Schulz B,
Dafotakis M. Lactate as a diagnostic marker in transient loss of consciousness.
Seizure 2016;40:71-5, doi:http://dx.doi.org/10.1016/j.seizure.2016.06.014.

[92] Wijdicks EF, Hijdra A, Young GB, Bassetti CL, Wiebe S. Practice parameter:
prediction of outcome in comatose survivors after cardiopulmonary
resuscitation (an evidence-based review): report of the Quality Standards
Subcommittee of the American Academy of Neurology. Neurology 2006;67
(2):203-10.

[93] Lamberts SW, Hofland LJ, Nobels FR. Neuroendocrine tumor markers. Front
Neuroendocrinol 2001;22(4):309-39.

[94] Kochanek PM, Berger RP, Bayir H, Wagner AK, Jenkins LW, Clark RS.
Biomarkers of primary and evolving damage in traumatic and ischemic brain
injury: diagnosis, prognosis, probing mechanisms, and therapeutic decision
making. Curr Opin Crit Care 2008;14(2):135-41.

[95] DeGiorgio CM, Correale ]JD, Gott PS, Ginsburg DL, Bracht KA, Smith T, et al.
Serum neuron-specific enolase in human status epilepticus. Neurology
1995;45(6):1134-7.

[96] Rabinowicz AL, Correale ]JD, Bracht KA, Smith TD, DeGiorgio CM. Neuron-
specific enolase is increased after nonconvulsive status epilepticus. Epilepsia
1995;36(5):475-9.

[97] DeGiorgio CM, Gott PS, Rabinowicz AL, Heck CN, Smith TD, Correale JD.
Neuron-specific enolase: a marker of acute neuronal injury, is increased in
complex partial status epilepticus. Epilepsia 1996;37(7):606-9.

[98] Rabinowicz AL, Correale ], Boutros RB, Couldwell WT, Henderson CW,
DeGiorgio CM. Neuron-specific enolase is increased after single seizures
during inpatient video/EEG monitoring. Epilepsia 1996;37(2):122-5.

[99] Greffe ], Lemoine P, Lacroix C, Brunon AM, Terra JL, Dalery ], et al. Increased
serum levels of neuron-specific enolase in epileptic patients and after

electroconvulsive therapy-a preliminary report. Clin Chim Acta 1996;244
(2):199-208.

[100] Lee SY, Choi YC, Kim JH, Kim W]. Serum neuron-specific enolase level as a
biomarker in differential diagnosis of seizure and syncope. ] Neurol 2010;257
(10):1708-12.

[101] Buttner T, Lack B, Jager M, Wunsche W, Kuhn W, Muller T, et al. Serum levels
of neuron-specific enolase and s-100 protein after single tonic-clonic
seizures. ] Neurol 1999;246(6):459-61.

[102] Palmio J, Keranen T, Alapirtti T, Hulkkonen ], Makinen R, Holm P, et al.
Elevated serum neuron-specific enolase in patients with temporal lobe
epilepsy: a video-EEG study. Epilepsy Res 2008;81(2-3):155-60.

[103] Borusiak P, Herbold S. Serum neuron-specific enolase in children with febrile
seizures: time profile and prognostic implications. Brain Dev 2003;25
(4):272-4.

[104] Tanabe T, Suzuki S, Hara K, Shimakawa S, Wakamiya E, Tamai H.
Cerebrospinal fluid and serum neuron-specific enolase levels after febrile
seizures. Epilepsia 2001;42(4):504-7.

[105] Rodriguez-Nunez A, Cid E, Rodriguez-Garcia ], Camina F, Rodriguez-Segade S,
Castro-Gago M. Cerebrospinal fluid purine metabolite and neuron-specific
enolase concentrations after febrile seizures. Brain Dev 2000;22(7):427-31.

[106] Dorta-Contreras AJ, Tabio-Valdes E, Tabio-Valdes A, Delgado-Fernandez C,
Reiber H. Non increased neuron-specific enolase concentration in cerebro-
spinal fluid during first febrile seizures and a year follow-up in pediatric
patients. Arq Neuropsiquiatr 1998;56(3 B):540-4.

[107] Suzuki Y, Toribe Y, Goto M, Kato T, Futagi Y. Serum and CSF neuron-specific
enolase in patients with West syndrome. Neurology 1999;53(8):1761-4.

[108] Steinhoff BJ, Tumani H, Otto M, Mursch K, Wiltfang ], Herrendorf G, et al.
Cisternal S100 protein and neuron-specific enolase are elevated and site-
specific markers in intractable temporal lobe epilepsy. Epilepsy Res 1999;36
(1):75-82.

[109] Palmio J, Peltola J, Vuorinen P, Laine S, Suhonen ], Keranen T. Normal CSF
neuron-specific enolase and S-100 protein levels in patients with recent non-
complicated tonic-clonic seizures. ] Neurol Sci 2001;183(1):27-31.

[110] Leutmezer F, Wagner O, Baumgartner C. Serum s-100 protein is not a suitable
seizure marker in temporal lobe epilepsy. Epilepsia 2002;43(10):1172-4.

[111] Portela LVC, Tort ABL, Walz R, Bianchin M, Trevisol-Bittencourt PC, Wille PR,
et al. Interictal serum S100B levels in chronic neurocysticercosis and
idiopathic epilepsy. Acta Neurol Scand 2003;108(6):424-7.

[112] Chang CC, Lui CC, Lee CC, Chen SD, Chang WN, Lu CH, et al. Clinical
significance of serological biomarkers and neuropsychological performances
in patients with temporal lobe epilepsy. BMC Neurol 2012;12:15.

[113] Calik M, Abuhandan M, Kandemir H, Guzel B, Solmaz A, Celik H, et al.
Interictal serum S-100B protein levels in intractable epilepsy: a case-control
study. Neurosci Lett 2014;558:58-61.

[114] Kacinski M, Budziszewska B, Lason W, Zajac A, Skowronek-Bala B, Leskiewicz
M, et al. Level of S100B protein: neuron specific enolase, orexin A,
adiponectin and insulin-like growth factor in serum of pediatric patients
suffering from sleep disorders with or without epilepsy. Pharmacol Rep
2012;64(6):1427-33.

[115] Calik M, Abuhandan M, Sonmezler A, Kandemir H, Oz I, Taskin A, et al.
Elevated serum S-100B levels in children with temporal lobe epilepsy.
Seizure 2013;22(2):99-102.

[116] Mikkonen K, Pekkala N, Pokka T, Romner B, Uhari M, Rantala H. S100B
proteins in febrile seizures. Seizure 2012;21(2):144-6.

[117] Shiihara T, Miyake T, Izumi S, Watanabe M, Kamayachi K, Kodama K, et al.
Serum and cerebrospinal fluid S100 B, neuron-specific enolase, and total tau
protein in acute encephalopathy with biphasic seizures and late reduced
diffusion: a diagnostic validity. Pediatr Int 2012;54(1):52-5.

[118] Park KI. Plasma brain-type natriuretic Peptide level following seizure and
syncope: pilot study. ] Epilepsy Res 2014;4(1):14-7.

[119] Eisenschenk S, Cibula ], Gilmore RL. Seizures associated with nonneurologic
medical conditions. In: Wyllie E, editor. Wyllie's treatment of epilepsy.
Principles and practice. Philadelphia, Pensylvania USA: Lipincot Williams &
Wilkins; 2011. p. 438-50.

[120] Karceski S. Acute symptomatic seizures and systemic illness. Continuum
(Minneap Minn). Neurol Syst Dis 2014;20(3):614-23.

[121] Natelson S, Miletich DJ, Seals CF, Visintine DJ, Albrecht RF. Clinical
biochemistry of epilepsy. I. Nature of the disease and a review of the
chemical findings in epilepsy. Clin Chem 1979;25(6):889-97.

[122] Imad H, Johan Z, Eva K. Hypoglycemia and risk of seizures: a retrospective
cross-sectional study. Seizure 2015;25:147-9.

[123] Verrotti A, Scaparrotta A, Olivieri C, Chiarelli F. Seizures and type 1 diabetes
mellitus: current state of knowledge. Eur ] Endocrinol 2012;167(6):749-58.

[124] Yun C, Xuefeng W. Association between seizures and diabetes mellitus: a
comprehensive review of literature. Curr Diabetes Rev 2013;9(4):350-4.

[125] Alkalay AL, Sarnat HB, Flores-Sarnat L, Elashoff D, Farber SJ, Simmons CF.
Population meta-analysis of low plasma glucose thresholds in full-term
normal newborns. Am ] Perinatol 2006;23(2):115-9.

[126] Nardone R, Brigo F, Trinka E. Acute symptomatic seizures caused by
electrolyte disturbances. ] Clin Neurol 2016;12(1):21-33.

[127] White H. Neurologic manifestations of acute and chronic liver disease.
Continuum (Minneap Minn). Neuro Syst Dis 2014;20(3):670-80.

[128] Ellis AJ, Wendon JA, Williams R. Subclinical seizure activity and prophylactic
phenytoin infusion in acute liver failure: a controlled clinical. Hepatology
2000;32(3):536-41.


http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0350
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0350
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0350
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0355
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0355
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0360
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0360
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0365
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0365
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0370
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0370
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0370
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0375
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0375
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0375
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0375
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0380
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0380
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0380
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0385
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0385
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0385
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0390
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0390
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0390
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0395
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0395
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0395
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0400
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0400
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0405
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0405
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0405
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0410
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0410
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0410
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0415
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0415
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0415
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0420
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0420
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0420
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0420
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0425
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0425
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0425
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0430
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0430
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0435
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0435
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0440
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0440
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0445
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0445
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0450
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0450
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0450
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0455
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0455
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0455
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0460
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0460
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0460
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0460
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0460
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0465
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0465
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0470
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0470
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0470
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0470
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0475
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0475
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0475
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0480
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0480
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0480
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0485
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0485
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0485
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0490
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0490
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0490
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0495
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0495
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0495
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0495
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0500
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0500
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0500
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0505
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0505
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0505
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0510
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0510
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0510
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0515
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0515
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0515
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0520
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0520
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0520
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0525
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0525
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0525
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0530
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0530
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0530
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0530
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0535
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0535
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0540
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0540
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0540
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0540
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0545
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0545
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0545
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0550
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0550
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0555
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0555
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0555
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0560
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0560
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0560
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0565
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0565
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0565
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0570
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0570
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0570
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0570
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0570
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0575
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0575
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0575
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0580
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0580
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0585
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0585
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0585
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0585
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0590
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0590
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0595
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0595
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0595
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0595
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0600
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0600
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0605
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0605
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0605
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0610
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0610
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0615
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0615
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0620
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0620
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0625
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0625
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0625
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0630
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0630
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0635
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0635
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0640
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0640
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0640

64 R.D. Nass et al./Seizure 47 (2017) 51-65

[129] Brouns R, De Deyn PP. Neurological complications in renal failure: a review.
Clin Neurol Neurosurg 2004;107(1):1-16.

[130] Campistol ], Plecko B. Treatable newborn and infant seizures due to inborn
errors of metabolism. Epileptic Disord 2015;17(3):229-42.

[131] Finkelstein Y, Hutson JR, Freedman SB, Wax P, Brent J. Drug-induced seizures
in children and adolescents presenting for emergency care: current and
emerging trends. Clin Toxicol (Phila) 2013;51(8):761-6.

[132] Reichert C, Reichert P, Monnet-Tschudi F, Kupferschmidt H, Ceschi A, Rauber-
Luthy C. Seizures after single-agent overdose with pharmaceutical drugs:
analysis of cases reported to a poison center. Clin Toxicol (Phila) 2014;52
(6):629-34.

[133] Thundiyil JG, Kearney TE, Olson KR. Evolving epidemiology of drug-induced
seizures reported to a Poison Control Center System. ] Med Toxicol 2007;3
(1):15-9.

[134] Alldredge BK, Lowenstein DH, Simon RP. Seizures associated with
recreational drug abuse. Neurology 1989;39(8):1037-9.

[135] Gupta A. Febrile Seizures. Continuum (Minneap Minn). Epilepsy 2016;22
(1):51-9.

[136] Marques AR. Lyme Neuroborreliosis. Continuum (Minneap Minn). Neuro-
infect Dis 2015;21(6):1729-44.

[137] Marra CM. Neurosyphilis. Continuum (Minneap Minn). Neuroinfect Dis
2015;21(6):1714-28.

[138] Whitley R]. Herpes simplex virus infections of the central nervous system.
Continuum (Minneap Minn). Neuroinfect Dis 2015;21(6):1704-13.

[139] Gilden D. Varicella-Zoster virus infections. Continuum (Minneap Minn).
Neuroinfect Dis 2015;21(6):1692-703.

[140] Roos KL. Bacterial infections of the central nervous system. Continuum
(Minneap Minn). Neuroinfect Dis 2015;21(6):1679-91.

[141] Panackal AA, Williamson PR. Fungal infections of the central nervous system.
Continuum (Minneap Minn). Neuroinfect Dis 2015;21:1662-78 6.

[142] Thakur K, Zunt ]J. Tropical neuroinfectious diseases. Continuum (Minneap
Minn). Neuroinfect Dis 2015;21(6):1639-61.

[143] Geschwind MD. Prion diseases. Continuum (Minneap Minn). Neuroinfect Dis
2015;21(6):1612-38.

[144] Beckham ]JD, Tyler KL. Arbovirus infections. Continuum (Minneap Minn).
Neuroinfect Dis 2015;21(6):1599-611.

[145] Williamson EM, Berger JR. Central nervous system infections with
immunomodulatory therapies. Continuum (Minneap Minn). Neuroinfect
Dis 2015;21(6):1577-98.

[146] Nath A. Neurologic complications of human immunodeficiency virus
infection. Continuum (Minneap Minn). Neuroinfect Dis 2015;21(6):1557-76.

[147] Graus F, Titulaer M], Balu R, Benseler S, Bien CG, Cellucci T, et al. A clinical
approach to diagnosis of autoimmune encephalitis. Lancet Neurol 2016;15
(4):391-404.

[148] Brenton JN, Goodkin HP. Antibody-mediated autoimmune encephalitis in
childhood. Pediatr Neurol 2016;60:13-23.

[149] Malter MP, Elger CE, Surges R. Diagnostic value of CSF findings in antibody-
associated limbic and anti-NMDAR-encephalitis. Seizure 2013;22(2):136-40.

[150] Nickel CH, Bingisser R, Morgenthaler NG. The role of copeptin as a diagnostic
and prognostic biomarker for risk stratification in the emergency depart-
ment. BMC Med 2012;10:7.

[151] Keller T, Tzikas S, Zeller T, Czyz E, Lillpopp L, Ojeda FM, et al. Copeptin
improves early diagnosis of acute myocardial infarction. ] Am Coll Cardiol
2010;55(19):2096-106.

[152] Urwyler SA, Schuetz P, Sailer C, Christ-Crain M. Copeptin as a stress marker
prior and after a written examination-the CoEXAM study. Stress 2015;18
(1):134-7.

[153] Siegenthaler ], Walti C, Urwyler SA, Schuetz P, Christ-Crain M. Copeptin
concentrations during psychological stress: the PsyCo study. Eur ] Endocrinol
2014;171(6):737-42.

[154] Liebetrau C, Gaede L, Dorr O, Hoffmann ], Wolter JS, Weber M, et al. High-
sensitivity cardiac troponin T and copeptin assays to improve diagnostic
accuracy of exercise stress test in patients with suspected coronary artery
disease. Eur ] Prev Cardiol 2014;22:684-92.

[155] Smith ], Halse KG, Damm P, Lindegaard ML, Amer-Wabhlin I, Hertel S, et al.
Copeptin and MR-proADM in umbilical cord plasma reflect perinatal stress in
neonates born to mothers with diabetes and MR-proANP reflects maternal
diabetes. Biomark Med 2013;7(1):139-46.

[156] Burkhardt T, Schwabe S, Morgenthaler NG, Natalucci G, Zimmermann R,
Wellmann S. Copeptin: a marker for stress reaction in fetuses with
intrauterine growth restriction. Am ] Obstet Gynecol 2012207(6) 497 e1-5.

[157] Yalta K. Serum copeptin/NT-proBNP ratio: a more reliable index of absolute
endogenous stress and prognosis during the course of Tako-tsubo
cardiomyopathy? Int ] Cardiol 2012;154(3):376-7.

[158] Benzing, Wellmann S, Achini F, Letzner ], Burkhardt T, Beinder E, et al. Plasma
copeptin in preterm infants: a highly sensitive marker of fetal and neonatal
stress. ] Clin Endocrinol Metab 2011;96(6):E982-5.

[159] DuJM, Sang G, Jiang CM, He XJ, Han Y. Relationship between plasma copeptin
levels and complications of community-acquired pneumonia in preschool
children. Peptides 2013;45:61-5.

[160] Kolditz M, Halank M, Schulte-Hubbert B, Bergmann S, Albrecht S, Hoffken G.
Copeptin predicts clinical deterioration and persistent instability in
community-acquired pneumonia. Respir Med 2012;106(9):1320-8.

[161] Boeck L, Eggimann P, Smyrnios N, Pargger H, Thakkar N, Siegemund M, et al.
The Sequential Organ Failure Assessment score and copeptin for predicting
survival in ventilator-associated pneumonia. J Crit Care 201227(5) 523 e1-9.

[162] Kruger S, Ewig S, Kunde ], Hanschmann A, Marre R, Suttorp N, et al. C-
terminal provasopressin (copeptin) in patients with community-acquired
pneumonia-influence of antibiotic pre-treatment: results from the German
competence network CAPNETZ. J Antimicrob Chemother 2009;64(1):159-
62.

[163] Seligman R, Papassotiriou ], Morgenthaler NG, Meisner M, Teixeira PJ, et al.
Copeptin, a novel prognostic biomarker in ventilator-associated pneumonia.
Crit Care 2008;12(1):R11.

[164] Jiao L, Chu C, Zhou S. Prognostic value of copeptin in patients with acute
stroke. Expert Rev Neurother 2015;1-8.

[165] ZhangJL, Yin CH, Zhang Y, Zhao LB, Fu H]J, Feng JC. Plasma copeptin and long-
term outcomes in acute ischemic stroke. Acta Neurol Scand 2013;128
(6):372-80.

[166] Tu WJ, Chen H, Cui LH. Prognostic value of copeptin in patients with acute
ischemic stroke. Iran J Neurol 2011;10(3-4):58.

[167] Urwyler SA, Schuetz P, Fluri F, Morgenthaler NG, Zweifel C, Bergmann A, et al.
Prognostic value of copeptin: one-year outcome in patients with acute
stroke. Stroke 2010;41(7):1564-7.

[168] Enhorning S, Hedblad B, Nilsson PM, Engstrom G, Melander O. Copeptin is an
independent predictor of diabetic heart disease and death. Am Heart ]
2015169(4) 549-556 el.

[169] Jacobs LH, van Borren M, Gemen E, van Eck M, van Son B, Glatz JF, et al.
Rapidly rule out acute myocardial infarction by combining copeptin and
heart-type fatty acid-binding protein with cardiac troponin. Ann Clin
Biochem 2015;52:550-61.

[170] Pozsonyi Z, Forhecz Z, Gombos T, Karadi I, Janoskuti L, Prohaszka Z. Copeptin
(C-terminal pro arginine-vasopressin) is an independent long-term prog-
nostic marker in heart failure with reduced ejection fraction. Heart Lung Circ
2015;24(4):359-67.

[171] Miller WL, Grill DE, Struck ], Jaffe AS. Association of hyponatremia and
elevated copeptin with death and need for transplantation in ambulatory
patients with chronic heart failure. Am J Cardiol 2013;111(6):880-5.

[172] Maisel A, Xue Y, Shah K, Mueller C, Nowak R, Peacock WF, et al. Increased 90-
day mortality in patients with acute heart failure with elevated copeptin:
secondary results from the Biomarkers in Acute Heart Failure (BACH) study.
Circ Heart Fail 2011;4(5):613-20.

[173] Voors AA, von Haehling S, Anker SD, Hillege HL, Struck J, Hartmann O, et al. C-
terminal provasopressin (copeptin) is a strong prognostic marker in patients
with heart failure after an acute myocardial infarction: results from the
OPTIMAAL study. Eur Heart ] 2009;30(10):1187-94.

[174] Mockel M, Searle J, Hamm C, Slagman A, Blankenberg S, Huber K, et al. Early
discharge using single cardiac troponin and copeptin testing in patients with
suspected acute coronary syndrome (ACS): a randomized, controlled clinical
process study. Eur Heart ] 2015;36(6):369-76.

[175] Freund Y, Bloom B, Bokobza J, Baarir N, Laribi S, Harris T, et al. Predictive value
of S100-B and copeptin for outcomes following seizure: the BISTRO
International Cohort Study. PLoS One 2015;10(4):e122405.

[176] Tauboll E, Sveberg L, Svalheim S. Interactions between hormones and
epilepsy. Seizure-Eur ] Epilepsy 2015;28:3-11.

[177] Bauer ]. Interactions between hormones and epilepsy in female patients.
Epilepsia 2001;42:20-2.

[178] Luef G. Hormonal alterations following seizures. Epilepsy Behav 2010;19
(2):131-3.

[179] Melli G, Chaudhry V, Cornblath DR. Rhabdomyolysis: an evaluation of 475
hospitalized patients. Medicine (Baltimore) 2005;84(6):377-85.

[180] Zutt R, van der Kooi A], Linthorst GE, Wanders R], de Visser M.
Rhabdomyolysis: review of the literature. Neuromuscul Disord 2014;24
(8):651-9.

[181] Chesson AL, Kasarskis EJ, Small VW. Postictal elevation of serum creatine-
kinase level. Arch Neurol 1983;40(5):315-7.

[182] Veenstra ], Smit WM, Krediet RT, Arisz L. Relationship between elevated
creatine phosphokinase and the clinical spectrum of rhabdomyolysis.
Nephrol Dial Transplant 1994;9(6):637-41.

[183] McMahon GM, Zeng XX, Waikar SS. A risk prediction score for kidney failure
or mortality in rhabdomyolysis. Jama Intern Med 2013;173(19):1821-8.

[184] Rodriguez-Capote K, Balion CM, Hill SA, Cleve R, Yang L, El Sharif A. Utility of
urine myoglobin for the prediction of acute renal failure in patients with
suspected rhabdomyolysis: a systematic review. Clin Chem 2009;55
(12):2190-7.

[185] Nielsen HV, Garsdal P, Hansen PB, Rasmussen KT, Jensen H. Impairment of
renal function after generalised seizures. Lancet 1987;1(8540):1043.

[186] Myers MG, Norris JW, Hachinski VC, Weingert ME, Sole M]. Cardiac sequelae
of acute stroke. Stroke 1982;13(6):838-42.

[187] Kolin A, Norris JW. Myocardial damage from acute cerebral-lesions. Stroke
1984;15(6):990-3.

[188] Koskelo P, Punsar S, Sipilae W. Subendocardial haemorrhage and E.C.G.
changes in intracranial bleeding. Br Med ] 1964;1(5396):1479-80.

[189] Tigaran S, Molgaard H, McClelland R, Dam M, Jaffe AS. Evidence of cardiac
ischemia during seizures in drug refractory epilepsy patients. Neurology
2003;60(3):492-5.

[190] Natelson BH, Suarez RV, Terrence CF, Turizo R. Patients with epilepsy who die
suddenly have cardiac disease. Arch Neurol 1998;55(6):857-60.

[191] Simon RP, Aminoff MJ, Benowitz NL. Changes in plasma catecholamines after
tonic-clonic seizures. Neurology 1984;34(2):255-7.

[192] Rauchenzauner M, Luef G. Seizures and the neuro-cardio-endocrine axis.
Epilepsia 2013;54(3):567-9.


http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0645
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0645
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0650
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0650
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0655
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0655
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0655
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0660
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0660
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0660
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0660
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0665
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0665
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0665
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0670
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0670
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0675
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0675
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0680
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0680
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0685
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0685
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0690
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0690
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0695
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0695
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0700
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0700
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0705
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0705
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0710
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0710
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0715
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0715
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0720
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0720
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0725
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0725
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0725
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0730
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0730
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0735
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0735
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0735
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0740
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0740
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0745
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0745
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0750
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0750
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0750
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0755
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0755
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0755
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0760
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0760
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0760
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0765
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0765
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0765
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0770
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0770
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0770
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0770
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0775
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0775
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0775
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0775
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0780
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0780
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0780
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0785
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0785
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0785
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0790
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0790
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0790
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0795
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0795
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0795
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0800
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0800
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0800
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0805
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0805
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0805
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0810
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0810
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0810
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0810
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0810
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0815
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0815
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0815
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0820
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0820
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0825
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0825
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0825
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0830
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0830
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0835
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0835
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0835
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0840
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0840
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0840
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0845
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0845
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0845
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0845
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0850
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0850
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0850
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0850
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0855
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0855
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0855
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0860
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0860
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0860
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0860
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0865
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0865
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0865
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0865
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0870
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0870
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0870
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0870
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0875
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0875
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0875
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0880
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0880
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0885
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0885
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0890
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0890
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0895
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0895
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0900
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0900
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0900
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0905
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0905
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0910
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0910
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0910
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0915
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0915
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0920
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0920
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0920
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0920
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0925
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0925
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0930
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0930
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0935
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0935
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0940
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0940
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0945
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0945
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0945
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0950
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0950
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0955
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0955
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0960
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0960

R.D. Nass et al./Seizure 47 (2017) 51-65 65

[193] Bauer S, Koller M, Cepok S, Todorova-Rudolph A, Nowak M, Nockher WA, et al.
NK and CD4+ T cell changes in blood after seizures in temporal lobe epilepsy.
Exp Neurol 2008;211(2):370-7.

[194] van der Lende M, Surges R, Sander JW, Thijs RD. Cardiac arrhythmias during
or after epileptic seizures. ] Neurol Neurosurg Psychiatry 2015;87:69-74.

[195] Surges R, Sander JW. Sudden unexpected death in epilepsy: mechanisms,
prevalence, and prevention. Curr Opin Neurol 2012;25(2):201-7.

[196] Dixit S, Castle M, Velu RP, Swisher L, Hodge C, Jaffe AS. Cardiac involvement in
patients with acute neurologic disease: confirmation with cardiac troponin L.
Arch Intern Med 2000;160(20):3153-8.

[197] Morrow DA, Cannon CP, Jesse RL, Newby LK, Ravkilde ], Storrow AB, et al.
National Academy of Clinical Biochemistry Laboratory Medicine Practice
Guidelines: clinical characteristics and utilization of biochemical markers in
acute coronary syndromes. Circulation 2007;115(13):e356-75.

[198] Horowitz MB, Willet D, Keffer J. The use of cardiac troponin-I (cTnl) to
determine the incidence of myocardial ischemia and injury in patients with
aneurysmal and presumed aneurysmal subarachnoid hemorrhage. Acta
Neurochir (Wien) 1998;140(1):87-93.

[199] Woodruff BK, Britton JW, Tigaran S, Cascino GD, Burritt M, McConnell JP, et al.
Cardiac troponin levels following monitored epileptic seizures. Neurology
2003;60(10):1690-2.

[200] Alehan F, Erol I, Cemil T, Bayraktar N, Ogus E, Tokel K. Elevated CK-MB mass
and plasma brain-type natriuretic peptide concentrations following convul-
sive seizures in children and adolescents: possible evidence of subtle cardiac
dysfunction. Epilepsia 2009;50(4):755-60.

[201] Hajsadeghi S, Afsharian S, Fereshtehnejad SM, Keramati MR, Mollahoseini R.
Serum levels of cardiac troponin I in patients with uncomplicated epileptic
seizure. Arch Med Res 2009;40(1):24-8.

[202] Eskandarian R, Asghari N, Darban M, Ghorbani R. Cardiac troponin levels
following complicated and uncomplicated epileptic seizures. Arch Med Res
2011;42(6):439-42.

[203] Schneider F, Kadel C, Pagitz M, Sen S. Takotsubo cardiomyopathy and elevated
troponin levels following cerebral seizure. Int ] Cardiol 2010;145(3):586-7.

[204] Fawaz A, Nasreddine W, Makke Y, Atweh S, Wazne ], Arabi M, et al.
Association of cardiovascular risk factors and troponin elevation after
generalized tonic-clonic seizures. Seizure 2014;23(2):146-50.

[205] Chatzikonstantinou A, Ebert AD, Hennerici MG. Temporal seizure focus and
status epilepticus are associated with high-sensitive troponin I elevation
after epileptic seizures. Epilepsy Res 2015;115:77-80.

[206] Manno EM, Pfeifer EA, Cascino GD, Noe KH, Wijdicks EF. Cardiac pathology in
status epilepticus. Ann Neurol 2005;58(6):954-7.

[207] Boggs JG, Painter JA, DeLorenzo R]. Analysis of electrocardiographic changes
in status epilepticus. Epilepsy Res 1993;14(1):87-94.

[208] Soundarya N, Lawrence D, Samip ], Stacy A, Robert ], Leroy R, et al. Elevation of
cardiac troponins in prolonged status epilepticus: a retrospective chart
analysis. SOJ Neurol 2014;1(1):1-4.

[209] Hocker S, Prasad A, Rabinstein AA. Cardiac injury in refractory status
epilepticus. Epilepsia 2013;54(3):518-22.

[210] Mehrpour M, Hajsadeghi S, Fereshtehnejad S-M, Mehrpour M, Bassir P.
Serum levels of cardiac troponin I in patients with status epilepticus and
healthy cardiovascular system. Arch Med Res 2013;44(6):449-53.

[211] Januzzi JL, Troughton R. Are serial BNP measurements useful in heart failure
management? Serial natriuretic peptide measurements are useful in heart
failure management. Circulation 2013;127(4)500-7 discussion 508.

[212] Llombart V, Antolin-Fontes A, Bustamante A, Giralt D, Rost NS, Furie K, et al.
B-type natriuretic peptides help in cardioembolic stroke diagnosis: pooled
data meta-analysis. Stroke 2015;46(5):1187-95.

[213] Garcia-Berrocoso T, Giralt D, Bustamante A, Etgen T, Jensen JK, Sharma JC,
et al. B-type natriuretic peptides and mortality after stroke: a systematic
review and meta-analysis. Neurology 2013;81(23):1976-85.

[214] Berendes E, Walter M, Cullen P, Prien T, Van Aken H, Horsthemke ], et al.
Secretion of brain natriuretic peptide in patients with aneurysmal
subarachnoid haemorrhage. Lancet 1997;349(9047):245-9.

[215] Wu X, Sha H, Sun Y, Gao L, Liu H, Yuan Q, et al. N-terminal pro-B-type
natriuretic peptide in patients with isolated traumatic brain injury: a
prospective cohort study. ] Trauma 2011;71(4)820-5 discussion 825.

[216] Perrone BL, Vari RC, Kreisman NR. Recurrent seizures alter renal function and
plasma atrial natriuretic peptide levels in rats. Epilepsia 1995;36(7):649-57.

[217] Obi T, Takatsu M, Konishi T, Mizoguchi K, Nishimura Y. Secretion of natriuretic
peptides caused by an epileptic attack. Acta Neurol Scand 2002;106(4):225-
8.

[218] Rauchenzauner M, Haberlandt E, Foerster S, Ulmer H, Laimer M, Ebenbichler
CF, et al. Brain-type natriuretic peptide secretion following febrile and
afebrile seizures — a new marker in childhood epilepsy? Epilepsia 2007;48
(1):101-6.

[219] Nielsen HV, Garsdal P, Hansen PB, Rasmussen KT, Jensen H, Christiansen E.
Transient impairment of renal function and myoglobin turnover after
generalised seizures. Lancet 1987;2(8552):224-5.

[220] Warren DJ, Leitch AG, Leggett R]. Hyperuricaemic acute renal failure after
epileptic seizures. Lancet 1975;2(7931):385-7.

[221] Makki N, Hajj G, Schmidt GA. Seizure-induced acute urate nephropathy: case
report and review. Chest 2013;144(2):666-9.

[222] GuptaP, Singh VP, Chatterjee S, Agarwal AK. Acute renal failure resulting from
rhabdomyolysis following a seizure. Singapore Med ] 2010;51(4):e79-80.

[223] Afsharkhas L, Tavasoli A. Renal function in children with febrile convulsions.
Iran J Child Neurol 2014;8(4):57-61.

[224] Grosso S, Rocchi R, Margollicci M, Vatti G, Luddi A, Marchi F, et al. Postictal
serum nucleotidases activities in patients with epilepsy. Epilepsy Res
2009;84(1):15-20.

[225] Luhdorf K, Petersson H, Pedersen K. Grand mal-provoked hyperuricemia.
Acta Neurol Scand 1978;58(5):280-7.

[226] Saugstad OD. Letter: hyperuricaemia and epileptic seizures: a possible
explanation. Lancet 1975;2(7936):665.

[227] Kilic TY, Yesilaras M, Atilla OD, Sever M, Aksay E. Can venous blood gas
analysis be used for predicting seizure recurrence in emergency department?
World ] Emerg Med 2014;5(3):187-91.

[228] Decell MK, Gordon JB, Silver K, Meagher-Villemure K. Fulminant hepatic
failure associated with status epilepticus in children: three cases and a
review of potential mechanisms. Intensive Care Med 1994;20(5):375-8.

[229] Smith DW, Cullity GJ, Silberstein EP. Fatal hepatic necrosis associated with
multiple anticonvulsant therapy. Aust N Z ] Med 1988;18(4):575-81.

[230] Hynynen ], Komulainen T, Tukiainen E, Nordin A, Arola ], Kalviainen R, et al.
Acute liver failure after valproate exposure in patients with POLG1 mutations
and the prognosis after liver transplantation. Liver Transpl 2014;20
(11):1402-12.

[231] Ahmed SN, Siddiqi ZA. Antiepileptic drugs and liver disease. Seizure 2006;15
(3):156-64.

[232] Aydogan M, Aydogan A, Kara B, Basim B, Erdogan S. Transient peripheral
leukocytosis in children with afebrile seizures. ] Child Neurol 2007;22(1):77-
9.

[233] Li G, Bauer S, Nowak M, Norwood B, Tackenberg B, Rosenow F, et al. Cytokines
and epilepsy. Seizure 2011;20(3):249-56.

[234] DeToledo JC, Lowe MR, Gonzalez ], Haddad H. Risk of aspiration pneumonia
after an epileptic seizure: a retrospective analysis of 1634 adult patients.
Epilepsy Behav 2004;5(4):593-5.


http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0965
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0965
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0965
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0970
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0970
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0975
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0975
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0980
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0980
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0980
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0985
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0985
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0985
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0985
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0990
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0990
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0990
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0990
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0995
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0995
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref0995
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1000
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1000
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1000
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1000
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1005
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1005
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1005
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1010
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1010
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1010
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1015
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1015
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1020
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1020
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1020
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1025
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1025
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1025
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1030
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1030
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1035
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1035
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1040
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1040
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1040
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1045
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1045
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1050
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1050
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1050
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1055
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1055
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1055
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1060
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1060
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1060
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1065
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1065
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1065
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1070
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1070
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1070
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1075
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1075
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1075
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1080
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1080
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1085
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1085
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1085
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1090
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1090
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1090
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1090
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1095
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1095
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1095
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1100
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1100
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1105
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1105
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1110
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1110
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1115
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1115
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1120
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1120
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1120
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1125
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1125
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1130
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1130
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1135
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1135
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1135
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1140
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1140
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1140
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1145
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1145
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1150
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1150
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1150
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1150
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1155
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1155
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1160
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1160
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1160
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1165
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1165
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1170
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1170
http://refhub.elsevier.com/S1059-1311(17)30144-9/sbref1170

	The role of postictal laboratory blood analyses in the diagnosis and prognosis of seizures
	1 Introduction
	2 Methods
	3 Results
	3.1 Which blood tests aid in the differential diagnosis of epileptic versus non epileptic seizures?
	3.1.1 Hormone changes and their role in the differential diagnosis
	3.1.1.1 Prolactin: the classic marker used in the differential diagnosis
	3.1.1.2 Arginine vasopressin (AVP) and copeptin: potential new biomarkers in the differential diagnosis
	3.1.1.3 Other pituitary hormones

	3.1.2 Muscle enzymes in the differential diagnosis: creatine kinase (CK) and myoglobin
	3.1.3 Metabolites that help to distinguish epileptic from non-epileptic seizures
	3.1.3.1 Ammonia: an emerging marker in the differential diagnosis
	3.1.3.2 Lactate may become increasingly important in the differential diagnostic process
	3.1.3.3 Uric acid is not helpful in the differential diagnosis

	3.1.4 The cerebral stress markers NSE and S100B are of little value in the differential diagnosis
	3.1.4.1 Neuron specific enolase (NSE) has marginal clinical value in everyday epileptology
	3.1.4.2 Protein S100-B is of very limited clinical value in the differential diagnostic process

	3.1.5 Cardiac markers do not help discern ES from syncope

	3.2 Which blood tests help in establishing the etiology of epileptic seizures?
	3.2.1 Endocrine disorders as a cause of seizures
	3.2.2 Metabolic disturbances as a cause of seizures
	3.2.2.1 Hypo- and hyperglycemic seizures
	3.2.2.2 Seizures due to electrolyte disorders
	3.2.2.3 Liver and kidney disease as a cause of seizures
	3.2.2.4 Inborn errors of metabolism

	3.2.3 Intoxication related seizures
	3.2.4 Seizures due to infections
	3.2.5 Autoimmune mediated seizures

	3.3 Laboratory markers that help detect seizure consequences and complications
	3.3.1 Postictal endocrine dysfunction
	3.3.2 Rhabdomyolysis
	3.3.2.1 CK: the standard marker for rhabdomyolysis
	3.3.2.2 Myoglobin

	3.3.3 Postictal cardiac dysfunction
	3.3.3.1 Postictal elevations of cardiac troponins are not always benign
	3.3.3.2 Postictal changes of natriuretic peptides may indicate subtle cardiac dysfunction

	3.3.4 Postictal, acute renal failure
	3.3.5 Postictal elevations of uric acid can contribute to acute kidney injury
	3.3.6 Transient lactic acidosis: a typical consequence of GTCS
	3.3.7 Postictal liver dysfunction must prompt a review of the administered anticonvulsants
	3.3.8 GTCS are followed by subtle changes in glucose and electrolytes
	3.3.9 Postictal inflammatory reactions are mostly benign but can indicate an infectious complication
	3.3.10 The prognostic value of protein S100-B after single GTCS is very limited
	3.3.11 Other postictal complications


	4 Conclusions
	4.1 Diagnosis of an event type: ES, PNES or syncope?
	4.2 Diagnosis of etiology: what is causing the seizures in my patient?
	4.3 Prognostication: what complications can arise from a given seizure?

	Conflicts of interest
	Acknowledgement
	References


