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Purpose: To comprehensively analyze ictal piloerection (IP) in a large number of subjects.
Methods: We performed a systematic review on case report studies of patients diagnosed with IP (1929–2017)
with additional cases included from the Department of Neurology of University of Pécs, the National Institute of
Clinical Neurosciences, and Odense University Hospital. Each included case was characterized regarding patient
history, IP seizure characteristics, diagnostic work-up, and therapy. Comparative analyses were also carried out
based on sex and pathology.
Results: Altogether, 109 cases were included. We observed a strong male predominance (p < 0.001). The mean
age at onset of epilepsy was 39.5 ± 20.7 years (median: 38, IQR:24–57). The seizure onset zone was temporal
(p < 0.001), and was lateralized to the ipsilateral hemisphere in unilateral localization (p= 0.001). The seizure
was accompanied by cold shiver in 53%, and by other autonomic symptoms in 47% of cases. In 53% of patients,
IP never progressed into complex partial or generalized tonic-clonic seizure; 16% of the patients reported oc-
casional, and 31% regular generalization. Seizure frequency was higher among females (median:25/day,
IQR:3–60) than among males (median:3/day, IQR:1–11) (p=0.017). The two most common underlying
pathologies were limbic encephalitis (23%) and astrocytoma (23%, among them 64% WHO III-IV astrocytoma).
Conclusion: IP was particularly associated with autoimmune encephalitis and high-grade glioma, suggesting IP’s
particular clinical importance in directing diagnostic work-up.

1. Introduction

Autonomic changes during epileptic seizures are well-established
phenomena. Cardiorespiratory symptoms are the most prominent: ta-
chycardia, facial flushing, hyperventilation and apnoe usually accom-
pany complex partial and generalized tonic-clonic seizures, especially
those of temporal lobe origin [1]. In our previous study, we recorded at
least one vegetative sign in 86% of the patients with temporal lobe
seizures [2]. These symptoms are probably directly caused by the epi-
leptic activity of the central autonomic network [3]. In case of focal
autonomic seizures, the autonomic symptoms dominate the clinical
picture, although this seizure type is much less common. Ictal piloer-
ection (IP) has been described as an accompanying, as well as a pro-
minent seizure symptom, and its prevalence among epilepsy patients is

estimated to be 1.2% [1]. The exact pathomechanism is still debated.
According to stimulation experiments, several parts of the brain have
been suggested as the symptomatogenic zone: the insula, hippocampus,
amygdala, hypothalamus, medial prefrontal cortex, parahippocampal
and cingular gyrus [3]. Ictal piloerection has been described mainly in
case reports and small case series. Analyzing 16 patients with cold
shiver (n=11) and ictal piloerection (n=4), Stefan et al. [4] sug-
gested left temporal lobe origin. Loddenkemper et al. analyzed the lo-
calizing and lateralizing value of ictal piloerection in 14 patients, who
were diagnosed with ictal piloerection [3]. They found that ictal pi-
loerection was associated with temporal lobe seizure onset zone. Re-
garding lateralization, only IP with unilateral onset showed lateralizing
value, being ipsilateral to the seizure onset zone [3]. Based on 5 pa-
tients, a recent study suggested that IP was associated with limbic
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encephalitis (LE) [5].
In our study, we aimed to examine whether IP is associated with

particular etiologies. By analyzing a high number of patients, we were
able to perform comparative statistical analyses beside descriptive
studies in order to describe the clinical characteristics of IP and the
epilepsy that is associated with IP.

2. Methods

2.1. Search strategy

We performed (i) a systematic review from the first date available
(1929) to May 2018. PubMed and Scopus were searched for case re-
ports, case series, reviews and abstracts, using the search term “pilo-
motor” and “piloerection” with the following prefixes: “ictal”, “seizure”
and “epilepsy”. (ii) We also searched among patients admitted for
presurgical evaluation at our video-EEG monitoring units between 2007
and 2017 (n=512) the diagnosis of IP. Patients were included if IP was
an accompanying symptom in an epileptic seizure, or if IP appeared as
the only symptom of the seizure but EEG was registered simultaneously.

2.2. Database and analysis

Data from individual cases were collected into one database.
Duplicate cases were excluded. For each included case, the following
variables were collected, if available: 1) regarding the patient history:
sex, age at onset of epilepsy, age at onset of IP, therapy responsiveness;
2) regarding IP seizures: localization and lateralization of the seizure
onset zone, ictal semiology, seizure propagation, seizure frequency and
duration; 3) concerning the diagnostic work-up: interictal and ictal
EEG, adequate neuroimaging, autoantibody testing for autoimmune
encephalitis, etiology (based on histology or neuroimaging); 4) con-
cerning therapy: antiepileptic drug therapy (AED), epilepsy surgery and
outcome. We defined drug resistant epilepsy as proposed by the ILAE
[6]. The diagnoses of LE and possible LE were based on the position
paper on the clinical approach to diagnosis of autoimmune encephalitis
by Graus et al. [7].

We had different levels of evidences regarding localization and la-
teralization, since there was no standard evaluating system applied to
all patients. Values from 0 to 4 were assigned to each data to indicate
the highest level of evidence: “0” if the diagnostic procedures were not
mentioned at all, “1” if only interictal EEG results were mentioned, “2”
if ictal scalp EEG data were presented without any data on neuroima-
ging, “3” if the presence of a relevant lesion on MRI was reported on;
and “4” if the lesion was operated on in the course of epilepsy surgery
with Engel Class I outcome; as used in our previous study [8].

In the course of our study, comparative analyses were also carried
out. The alignments were based on sex, IP latency (patients in whom IP
appeared at the onset of the epilepsy vs. those in whom it occurred
later), and etiology.

Statistical analyses were performed using two-tailed binomial,
Mann-Whitney, chi-square and Fisher exact tests. Data were analyzed
with IBM SPSS Statistics 22. Results were considered to be statistically
significant, if p-values were< 0.05.

3. Results

3.1. General characteristics

One hundred cases met the inclusion criteria (For individual reports
see Supplement 1.). Since we also added 3 patients diagnosed and
treated at the Department of Neurology, University of Pécs, 4 patients
from the National Institute of Clinical Neurosciences, and 2 patients
from the Department of Neurology, Odense University Hospital, 109
cases were included altogether. Data regarding sex were available in
105 cases: 72 of them were males. The mean age at onset of epilepsy

was 39.5 ± 20.7 years (median: 39, IQR: 24–57), and the mean age at
onset of IP appearance was 43.9 ± 17.8 years (median: 44, IQR:
29–58). Latency between the onset of epilepsy and IP was present in 5
cases (2–15 years). Data regarding seizure length was available in 39
cases, 10 of them were confirmed with EEG. Median seizure length was
30 s (min: 3; max: 240; IQR: 20–60). Regarding the analyzed variables,
there was no difference between patients, in whom IP appeared at the
beginning or after the epilepsy onset. In 67% of the patients, IP was
preceded by an aura. It was accompanied by cold shiver in 53% and by
other autonomic symptoms in 47%. Fifty-three percentages of the pa-
tients reported that IP never progressed into complex partial or gen-
eralized tonic-clonic seizures; 16% reported occasional, and 31% reg-
ular progression. Interictal and ictal EEG were normal in 23% and 5%
of the patients, respectively. (See also Supplement 2)

3.2. Etiology

Etiology could be evaluated in 62 cases based on MRI and/or his-
tological findings (Tables 1, 2). MRI was normal in 29% (Table 2).
Among those patients in whom the MRI detected a pathological lesion,
insular lobe involvement could be identified in 15%: 4 patients were
diagnosed with astrocytoma, 1 with focal cortical dysplasia, 1 with
vascular lesions and 1 patient had LE. In all of these cases the insular
lesion further extended to the temporal, frontal, parietal lobes. Etiology
did not show any accordance with neither the sex, nor the seizure
frequency (p=1.000, p=0.775, respectively). Pilomotor seizures
were longer in patients with LE (p=0.015).

3.3. Sex differences, localization and lateralization

Neither IP in general, nor bilateral onset IP showed any lateralizing
value (p= 0,652 and p=0,165, respectively). Table 3 presents the
results regarding the lateralizing value of ipsilateral IP. Ipsilateral IP
showed lateralizing value only in males. IP was ipsilateral in 26 of the
28 male patients, and in 2 of the 7 female patients (p < 0,001 and
p=0,453, respectively). Pilomotor seizures showed a strong male
dominance (p < 0.001). Seizure frequency was higher among females

Table 2
Data of patients with non-autoimmune or not established etiology.

Etiology N

Not autoimmune origin
Astrocytoma (9 grade III/IV, 5 grade II)
- 11 extended
- 2 temporal
- 1 unknown

14

Developmental malformation
- 5 temporal
- 1 frontal
- 1 extended

7

Posttraumatic lesion
- 3 temporal
- 1 unknown

4

Hippocampal sclerois/atrophy (MTLE) 4
Meningitis/encephalitis
- 2 temporal

2

Other
- 5 temporal
- 3 extended

8

Not classified
Normal MRI 20
Unknown lesion on MRI
- 1 extended
- 1 temporal

2

Hippocampal sclerois of unknown origin 12
Data regarding pathology was not available 13

MRI: magnetic resonance imaging; MTLE: mesial temporal lobe epi-
lepsy;
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(median: 25/day, IQR: 3-60) than among males (median: 3/day, IQR:
1–11) (p= 0.017). Data on IP’s seizure onset zone localizing value are
displayed also in Table 3.

3.4. Therapy responsiveness

Pilomotor seizures were drug resistant in 68%. Epilepsy surgery was
performed in 35 patients, and 16% of them continued to have IP despite
of surgery.

4. Discussion

We performed a systematic review on cases of IP that allowed us to
study this phenomenon in the highest number of subjects ever reported.
Collecting data of> 100 patients enabled us to give a more compre-
hensive description of IP. We analyzed IP in relation to general char-
acteristics, seizure semiology, sex differences, and also identified the
most common etiologies that are of particular clinical importance.

IP resembles the physiological development of goosebumps induced
by stress, cold and emotional stimuli. It is observed almost exclusively
in adult onset epilepsies; there was only one report on a 3.5 year old
child with ictal piloerection [9]. Our results correspond to those of
Fogarasi et al. [10], who analyzed the autonomic changes in 514 sei-
zures of 100 children with epilepsy (aged 10 months to 12 years), and
could not identify ictal piloerection. In an experimental model by Mo-
suda et al. [11], piloerection in response to emotional stimuli increased
with age. Therefore, it is likely that the autonomic nervous system has
to reach a certain degree of maturation; otherwise epileptic activity is
not able to cause IP. Another possible explanation would be an ob-
servational bias: children might be unable to adequately evaluate their
seizure symptoms, failing to recognize IP. In our study, IP showed a
clear male predominance, which was not attributed to the etiology.
According to our knowledge, no sex specificity of piloerection was re-
ported in the literature so far. In the healthy population, a generally
higher sympathetic tone in males is a well-known phenomenon. In our
previous study on ictal asystole associated with seizures, we found that
the excessive ictal parasympathetic tone had a strong female

predominance [8]. Moreover, we have also hypothesized a sex differ-
ence in seizure spread [12]. We hypothesize that the physiologically
higher sympathetic tone and the tendency of a different seizure spread
are the reasons that the male gender is more prone to generate sym-
pathetic responses including piloerection during an epileptic seizure.

Regarding localization of the seizure onset zone, our results corre-
spond to those of Loddenkemper et al. [3], who also observed temporal
lobe dominance: 12 out of 14 patients had temporal lobe seizures.
Based on stimulation experiments, several parts of the brain – especially
structures of the limbic system – have been suggested as the sympto-
matogenic zone [3]. However, the role of the insula seems to be par-
ticularly plausible: this brain region has a well-known role in the cen-
tral autonomic nervous system. In our cohort, 15% of the patients with
abnormal MRI showed insular lobe involvement. Moreover, the ictal
EEG did not show seizure activity in 5% of patients, suggesting the
involvement of deep brain structures. We could not analyze the exact
ictal seizure patterns in patients with abnormal EEG due to the lack of
data, but Gillinder et al. [13] observed mid-temporal interictal and ictal
patterns during IP. The authors argued that this pattern, atypical for
mesial temporal lobe seizures, suggested insular lobe origin [13].

In comparison to Stefan et al. [4], who found left hemispheric
dominance in IP, according to our results neither piloerection in gen-
eral, nor bilateral onset piloerection were of any lateralizing value –
corresponding to the analysis of Loddenkemper et al. [3]. Unilateral IP
on the other hand, proved to be ipsilateral to the seizure onset zone.
When the genders were analyzed separately, this association was only
present in case of men. The reason for this difference between the two
sexes may be attributed to the small sample size; however, sex differ-
ences in the function of the central autonomic nervous system have
already been reported, including thermoregulation, heart-rate variance
and pupillary reflexes [14–16]. Therefore, the different anatomy and/or
function may indeed be responsible for such differences.

Although IP mostly remains to be a focal autonomic seizure without
progression into complex partial or secondary generalized seizure, it is
not a harmless condition. It is of special clinical interest, that the two
most common underlying etiologies were glioma (mostly high grade
gliomas) and autoimmune LE: these etiologies covered half of the cases,
and one in four patients with IP had either glioma or autoimmune
limbic encephalitis. Interestingly, LE with IP was associated with both
well-characterized onconeural antibodies and antibodies against sur-
face antigens indicating both T cell- and antibody-mediated pathogenic
processes [7]. Antibodies against the voltage-gated potassium channel
complex (VGKC) were particularly associated with IP, including anti-
bodies against LGI1. It is possible that IP can be another seizure type in
LGI1-encephalitis besides faciobrachial dystonic seizures (FBDS)
[17,18] however, FBDS precedes encephalitis and is well-recognizable,
while IP associated with epilepsy during encephalitis may miss atten-
tion. We also suggest that the reason for such particular association
with LE and astrocytoma may be caused by the progressive nature of
these diseases, i.e. significant changes develop in the brain in a rela-
tively short period of time. However, the possibility of a selection bias
can’t be excluded completely: those cases of pilomotor seizures that are
associated with autoimmune encephalitis - this newly discovered and
intensively researched disease – might be reported more frequently. In
our cohort with IP, 13 patients had active, definitive and 1 patient had
possible LE [7]. There were 8 cases in the literature where the diagnosis
of neither definite LE, nor probable LE could be established, however
the authors suggested the seizure’s autoimmune origin (Table 1).

When IP was the most prominent symptom, an average 5.2 year-
long delay of the autoimmune encephalitis diagnosis was reported5.
Moreover, Fisch et al. [19] reported a 68-year-old patient, in whom IP
presented as the only symptom of glioblastoma multiforme. Con-
sidering the severity of LE and high-grade glioma, the 2 most common
underlying pathologies of IP, extensive examination and close follow-up
of these patients is of particular clinical importance.

Table 3
Lateralization and localization of the seizure onset zone.

Lateralization

HLOE Result Significance N

Seizure onset zone 0 81% ipsilateral,
19% contralateral

p < 0.001 35

1 81% ipsilateral,
19% contralateral

p < 0.001 35

2 80% ipsilateral,
20% contralateral

p= 0.001 34

3 87% ipsilateral,
13% contralateral

p < 0.001 30

4 89% ipsilateral,
11% contralateral

p= 0.039 9

Localization

HLOE Result Significance N

Seizure onset zone 0 92% temporal,
8% extratemporal

p < 0.001 90

1 92% temporal,
8% extratemporal

p < 0.001 90

2 92% temporal,
8% extratemporal

p < 0.001 90

3 94% temporal,
6% extratemporal

p < 0.001 66

4 86% temporal,
14% extratemporal

p= 0.096 14

HLOE: highest level of evidence; N: number of cases.
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5. Limitations

Due to the retrospective design of the study, there was no standard
evaluating system applied to all patients, so we had different levels of
evidences regarding localization and lateralization. Among the 29
cases, in which data were available on seizure length, only 10 cases
were confirmed with EEG, so these should be interpreted cautiously.

6. Conclusion

IP is observed mainly in adult onset epilepsies, predominantly in
males. The seizure onset zone is usually temporal. As for the sympto-
matogenic zone, the involvement of the insular lobe has been sug-
gested, however this question needs further investigation. Besides fa-
ciobrachial dystonic seizures, characteristic in anti-Leucine-rich, glioma
inactivated 1 (LGI1) encephalitis, pilomotor seizure seems to be also an
etiology-specific seizure type: it is associated with autoimmune en-
cephalitis and malignant brain tumor.
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