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Abstract 

Background: Autonomic nervous system (ANS) symptoms are frequently present in people with epilepsy (PwE). 
They are generally more prominent when they originate from the temporal lobe. We aim to investigate the alterations 
of autonomic functions during the interictal period in patient with temporal lobe epilepsy (TLE) and idiopathic gen-
eralized epilepsy (IGE) using heart-based tests, blood pressure (BP)-based tests and sympathetic skin response (SSR). 
Forty-eight PwE with disease duration ranging from 2 to 15 years and 51 healthy individuals were studied. Long-term 
electroencephalography (EEG) monitoring, the heart rate variability (HRV) during normal breathing, deep breathing, 
Valsalva maneuver and standing, BP responses during standing, to isometric hand grip and to mental arithmetic, and 
the SSR was recorded for all participants.

Results: 31 patients with TLE and 17 with IGE showed lower RR-IV values during deep breathing, Valsalva maneuver 
and standing, but not during rest, impaired BP responses during standing, isometric hand grip, and mental arithmetic. 
Also, prolonged SSR latencies. Within PwE group, no difference was noticed between males and females, nor between 
the left and right temporal lobes.

Conclusion: Abnormal autonomic (sympathetic and parasympathetic) regulatory functions suggest that epilepsy 
may alter the autonomic function and this is not only in TLE but rather in IGE too. These autonomic changes are irre-
spective of the localization of epilepsy between the two hemispheres. The ANS changes in epileptic patients, particu-
larly those with autonomic symptoms, confirm that electrophysiologic measures of autonomic function may be of 
value in preventing sudden unexpected death in epilepsy.
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Background
Epileptic seizures are frequently accompanied by auto-
nomic symptoms either as complement to other seizure 
symptoms or as the principal seizure manifestation. They 
are mediated by an activation of the central autonomic 
network (CAN) [1]. The CANs implicated in the patho-
physiology of autonomic epilepsies are primarily repre-
sented in the non-dominant hemisphere, thus autonomic 

findings are common in temporal lobe epilepsies (TLE) 
and insular lobe epilepsies [2].

Autonomic symptoms can be seen before, during or 
after seizure including cardiovascular changes, respira-
tory manifestations, gastrointestinal symptoms, cuta-
neous manifestations, pupillary symptoms, genital and 
sexual manifestations as well as urinary symptoms [3, 4].

They may be caused by overactivity of the sympathetic 
NS, even though there is some contribution of the para-
sympathetic NS, especially symptoms of cardiovascular 
autonomic dysfunction [5].

Certain autonomic symptoms may provide lateraliz-
ing and sometimes localizing information on the seizure 
onset zone, although some of these signs may appear as a 
result of discharge spreading [6].
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Autonomic signs and symptoms can signify the main 
symptom at the start of a focal seizure, then categorized 
as a focal onset autonomic seizure. Conversely, clinically 
pertinent autonomic symptoms and signs accompany 
seizures of focal, generalized, and/or unknown onset, the 
seizure is categorized according to other, more related 
features [1].

Autonomic symptoms range from slight seizure mani-
festations to severe life-threatening events such as 
postictal generalized electroencephalographic (EEG) 
suppression and transient episodes of apnea and brady-
cardia terminating in a fatal asystole [6]. PwE, particu-
larly those with long-standing uncontrolled seizures, 
have measurable alterations of resting autonomic func-
tion. These alterations may be relevant to the increased 
risk of premature mortality in epilepsy, including sudden 
unexpected death in epilepsy [7].

Epilepsy may also cause functional ANS changes, 
including a decrease in heart rate variability (HRV) [4]. 
Previous studies based on short or long-term (24 h) elec-
trocardiographic recordings revealed decreased HRV 
in patients with chronic epilepsies, mainly in peri-ictal 
period [8–10].

We aimed to investigate cardiovascular autonomic 
and sudomotor function in TLE and idiopathic general-
ized epilepsy (IGE) in comparison to control subjects, 
whether there is any different behavior in autonomic 
function tests of PwE based on their gender, and to look 
for any association between the autonomic changes (if 
any) and the lateralization of epileptic seizures.

Methods
A case–control study conducted at the neurophysiology 
Unit, Baghdad Teaching Hospital and Al-Imammain Al-
Kadhimiyain Medical City for the periods from May 2019 
to November 2020. Ethical approval was obtained from 
the Iraqi Council of Medical Specialization (Decision No. 
931: date: 1/3/2020). Written informed consent was also 
granted by all participants.

A total of 57 PwE diagnosed based on clinical neuro-
logical examination, EEG findings, and 3-Tesla brain 
magnetic resonance imaging (MRI) were studied. The 
duration of their illness ranged from 2 to 15 years. They 
were classified according to the ILAE 2007 to have either 
TLE or IGE. Five patients with brain structural abnormal-
ity on MRI, one pregnant female, one patient with status 
epilepticus of < 15 min, and two patients with recent con-
vulsions within 48 h before the study were excluded.

The remaining 48 PwE were with uncontrolled seizure 
frequency ranged from 1 attack/month to 1–3 attacks/
week and the EEG records show interictal temporal 
spikes/sharp, spike/sharp waves discharges, and gen-
eralized spike wave or poly spike wave with the normal 

background. They were on two or more appropriately 
chosen and used antiepileptic drugs (AEDs) including 
carbamazepine, sodium valproate, levetiracetam, lamo-
trigine, and ethosuximide. None of them was refractory 
to treatment. All were free from any disease that may 
affect the ANS and cerebral blood flow, including poly-
neuropathies, multiple sclerosis, diabetes mellitus, Par-
kinson’s disease, heart disease, hypertension, and central 
NS infection or head trauma). Another 51 age- and sex-
matched subjects serve as controls were studied.

Study participants were told to abstain from food, alco-
hol, coffee, cola, energy drinks, tea, and tobacco, and 
ANS-altering drugs at least for 4 h on the scheduled test 
day [11] and to avoid activities that would affect BP (like 
running and jumping) for 2  h before the tests [12]. The 
patients are advised to wear comfortable clothes and to 
shower the night before testing without using anybody 
lotions, powders, or creams below the neck, also to drink 
water and stay hydrated.

Before the autonomic function tests were conducted, 
each subject’s medical history, demographic data, and 
physical examination findings were recorded.

To evaluate ANS functions, SSR, HRV (R–R inter-
val variation), and BP changes were measured using 
Micromed (Italy) and Medtronic Keypoint (Denmark) 
4-channel electromyography equipment. The tests were 
conducted in a quiet room at room temperature of 
22 ± 2 °C. A surface recording disk electrode fixed to the 
left anterior chest area at the fourth and fifth intercostal 
space and a reference electrode is fixed at the left anterior 
axillary line over the fifth or sixth rib. The ground elec-
trode was placed on the midline of the sternum. The sen-
sitivity and sweep speed are adjusted to display the QRS 
complexes on the screen. HRV analyses are based on the 
measurement of the time intervals between successive 
QRS complexes, which reflect the regulation of the HR 
by the ANS via its sympathetic and parasympathetic con-
trol mechanisms [13]. This means that HRV analyses can 
be used to provide indirect clues about NS activity.

The test battery included recording of HR responses at 
rest (normal breathing), deep breathing, Valsalva maneu-
ver, and standing as well as measurements of BP changes 
during isometric handgrip, after 3-min standing, and 
mental stress test.

The HR response to deep breathing was expressed 
as deep breathing difference, which was the difference 
between the maximum HR (shortest RR interval during 
inspiration) and the minimum HR (longest RR interval 
during expiration), in a patient breathing at six cycles 
per minute. The exhalation:inspiration (E:I) ratio was 
obtained using the following formula: the RR-IV% = (the 
longest RR − the shortest RR) × 100/mean of RR values 
[14].
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The HR response to Valsalva maneuver expressed 
as Valsalva ratio was tested while the patient in supine 
position and the head slightly elevated to about 30°. The 
patient was asked to strain against 40 mmHg for 15 s by 
blowing into a mouthpiece attached to a sphygmoma-
nometer. The ratio of the longest RR interval 30–45  s 
following the release of strain to the shortest RR interval 
during strain was calculated. The minimal HR occurs at 
15–20 s after releasing the strain [15].

HR response to standing was obtained after the patient 
has been resting at least for 20 min. It is expressed as the 
30:15, which is the ratio of the longest RR interval (slow-
est HR) at 30 s to the shortest RR interval (fastest HR) at 
15 s, following an abrupt change in position from supine 
for 3 min to standing. The 30/15 ratio should be at least 
1.04 [16].

Changes in systolic BP following change of position 
from supine to standing after 3 min were also calculated. 
The postural decrease in BP after 3 min was taken as the 
difference between BP (systolic and diastolic BP) lying 
and the BP (systolic and diastolic BP) standing. A decline 
in systolic BP by more than 20 mmHg and by more than 
10 mmHg for diastolic BP is considered abnormal [15].

The isometric handgrip test involved periodic BP 
recordings (1-min interval), whereas subjects contracted 
a hand dynamometer at 30% of maximum voluntary 
contraction for 4 min. The difference between the high-
est diastolic BP just before the contraction was released, 
and the handgrip started was taken as a measure of the 
response. It should normally be more than 15  mmHg 
[15].

The systolic BP response to mental stress test was cal-
culated when the patient performs mental arithmetic 
calculations by removing the number 7 successively from 
100. The increase in systolic BP should exceed 10 mmHg 
in normal individuals [15].

When measuring SSR, an active Ag/AgCl disk elec-
trode was placed on the palm of the hands, while refer-
ence electrode was placed on the dorsum of the hand, 
and the ground electrode on the wrist. A single electri-
cal stimulus ranged from 12 to 20 mA with a pulse width 
of 0.1  ms was given unexpectedly to the median nerve 
opposite the recorded side. To avoid any habituation, 
the inter-stimulus interval was between 20 and 30 s. Five 
responses were recorded to document the reproduc-
ibility and the response with minimum latency (the time 
required to reach the initiation of the first deflection of 
the wave) was used for further analysis [17].

Interictal EEG was recorded before the autonomic 
function testing, using a video-EEG monitoring sys-
tem  (NicoletTM Viking Quest, Italy); the electrodes were 
arranged according to the International 10–20 system. 
The duration of video-EEG is at least 3  h. All patients 

were partially sleep deprived; and the usual dose of their 
AEDs was regularly taken.

Statistical analysis was performed using IBM-SPSS (sta-
tistical package for Social Sciences) version 25 (IBM Cor-
poration, USA). Quantitative variables were presented 
as mean ± standard deviation (SD) and analyzed with 
independent Student’s t-test. Categorical variables were 
expressed as counts and percentages and analyzed with 
Chi-square test. Correlations between different quantita-
tive variables were performed with two-tailed Pearson’s 
correlation analysis. For all the tests, a significant level of 
statistics was considered when p < 0.05.

Results
The demographic data of study population are presented 
in Table 1. In terms of age and gender between PwE and 
controls, there are no statistical difference. Twenty-five 
(80%) of the patients with TLE have orthostatic hypo-
tension, 28 (90%) have cutaneous manifestation, and 10 
(32.2%) have gastrointestinal symptoms. Meanwhile, 6 
(35%) of the patients with IGE have orthostatic hypo-
tension, 8 (47%) have excessive sweating, and the rest 12 
patients showed no symptoms. When the frequency of 

Table 1 Demographic baseline data of the study population

PwE people with epilepsy, TLE temporal lobe epilepsy, GE generalized epilepsy, 
GME generalized myoclonic epilepsy, IGE idiopathic generalized epilepsy, JAE 
juvenile absence epilepsy

Characteristic PwE (n = 48) Controls (n = 51) P-value

Age, years

 Mean ± SD 35.6 ± 13.11 36.55 ± 12.7 0.716

Gender

 Male, n% 22 (45.8%) 22 (43.1%) 0.787

 Female, n% 26 (54.2%) 29 (56.9%)

Type of epilepsy

 TLE, n% 31 (64.6)

 GE, n% 17 (35.4)

GE subtypes

 GME, n% 8 (47.1)

 IGE, n% 7 (41.2)

 JAE, n% 2 (11.8)

Disease duration (years)

 Mean ± SD 7.67 ± 3.7

Autonomic symptoms

 Yes, n% 36 (75) 16 (31.4) < 0.001

 No, n% 12 (25) 35 (68.6)

Autonomic symptoms

 TLE, n% 28 (90.3) 0.001

 GE, n% 8 (47.1)

Autonomic function abnormalities

 TLE, n% 22 (70.97) 0.001

 GE, n% 8 (47.1)
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ANS symptoms of the total PwE was compared with that 
of the controls, it was significantly higher in the patients 
in the interictal period (p < 0.001). A comparison of the 
frequency of ANS symptoms in patients with TLE and 
those with IGE, the former group showed significantly 
higher frequency (p = 0.001).

The systolic and diastolic PB response to active stand-
ing differences was significantly higher in PwE compared 
to healthy subjects (p < 0.001). No significant difference 
was demonstrated in R–R interval during rest between 
the PwE and controls (p = 0.582). Meanwhile, R–R inter-
val during deep breathing, Valsalva maneuver, and during 
active standing where significantly lower in PwE as com-
pared to control group (p = 0.012; p < 0.01; and p = 0.001, 
respectively) (Table 2).

The diastolic BP response to isometric handgrip and 
the systolic BP response to mental stress test were signifi-
cantly lower (p < 0.001) in PwE in comparison to the con-
trols. Also, the SSR latency was significantly prolonged 
(p < 0.001) in PwE as compared to the controls (Table 2).

Table 3 illustrates the differences between patients with 
TLE and IGE. Apart from significant difference in age 
(p < 0.001), none of the other parameters were signifi-
cantly different between the two epileptic groups.

Although patients with TLE showed more reduction 
in the R–R interval ratios and more prolongation in SRR 
latencies, yet, no significant difference was demonstrated 
between the right and left TLE neither with the demo-
graphic data nor with the different autonomic function 
tests (Table 4).

Figure  1A demonstrates negative correlation between 
the SSR latency and R–R interval during deep breath-
ing (r = − 0.326, p = 0.024). Moreover, the SSR latency 
was negatively correlated with R–R interval during rest 

(r = − 0.343, p = 0.017) as illustrated in Fig.  1b. Further-
more, the SSR latency was also negatively correlated 
(r = − 0.332, p = 0.024) with R–R interval during Valsalva 
maneuver (Fig. 1C).

Discussion
Generally, 75% of our PwE demonstrate interictal auto-
nomic symptoms. These autonomic manifestations were 
frequently seen by other researchers [6, 18–20]. They are 
often seen in TLE as well as during or after IGE seizures 
[19–21]. The mechanisms responsible for these interictal 
autonomic changes are not fully understood; however, it 

Table 2 Autonomic function tests in PwE versus controls

PwE people with epilepsy, BP blood pressure, SSR sympathetic skin response; the 
data are presented in mean ± SD

Variables PwE (n = 48) Controls (n = 51) p-value

R–R interval

 Rest 1.54 ± 0.43 1.5 ± 0.36  > 0.05

 Deep breathing 1.26 ± 0.43 1.47 ± 0.36 < 0.01

 Valsalva maneuver 1.36 ± 0.32 1.81 ± 0.25 < 0.001

 Standing 1.07 ± 0.3 1.23 ± 0.16 < 0.005

BP to standing (mmHg)

 During systole 15.77 ± 4.12 11.82 ± 4.07 < 0.001

 During diastole 8.54 ± 2.94 5.14 ± 3.12 < 0.001

BP to hand grip (mmHg) 9.94 ± 3.63 13.61 ± 3.3 < 0.001

BP to mental stress test 
(mmHg)

14.9 ± 3.78 18.08 ± 2.44 < 0.001

SSR latency (s) 1.78 ± 0.43 1.39 ± 0.14 < 0.001

Table 3 Autonomic function tests in different types of epilepsy

Data are presented with mean ± SD

TLE temporal lobe epilepsy, GE generalized epilepsy, BP blood pressure, SSR 
sympathetic skin response

Variables Epilepsy type p-value

TLE (n = 31) GE (n = 17)

R–R interval

 Rest 1.50 ± 0.47 1.62 ± 0.36 0.353

 Deep breathing 1.33 ± 0.61 1.42 ± 0.57 0.643

 Valsalva maneuver 1.33 ± 0.29 1.42 ± 0.36 0.399

 Standing 1.03 ± 0.28 1.14 ± 0.33 0.224

BP to standing (mmHg)

 During systole 16.35 ± 4.1 13.65 ± 3.87 0.187

 During diastole 8.94 ± 3.08 7.82 ± 2.72 0.219

BP to hand grip (mmHg) 9.55 ± 3.7 10.65 ± 3.5 0.321

BP to mental stress test (mmHg) 14.26 ± 3.8 16.06 ± 3.56 0.116

SSR latency (s) 1.83 ± 0.42 1.69 ± 0.44 0.283

Table 4 Autonomic function tests in TLE

The data are presented in mean ± SD

TLE temporal lobe epilepsy, BP blood pressure, SSR sympathetic skin response

Variables TLE p-value

Right (n = 12) Left (n = 19)

Age (years) 40.25 ± 12.68 40.63 ± 13.0 0.937

R–R interval

 Rest 1.55 ± 0.26 1.47 ± 0.57 0.667

 Deep breathing 1.25 ± 0.38 1.23 ± 0.48 0.915

 Valsalva maneuver 1.32 ± 0.28 1.34 ± 0.29 0.798

 Standing 1.0 ± 0.13 0.99 ± 0.29 0.953

BP to standing (mmHg)

 During systole 19.0 ± 6.3 19.1 ± 5.44 0.961

 During diastole 11.0 ± 4.88 10.32 ± 4.81 0.706

BP to hand grip (mmHg) 8.75 ± 2.96 10.05 ± 4.09 0.348

BP to mental stress test 
(mmHg)

13.92 ± 4.23 14.47 ± 3.6 0.695

SSR latency (s) 1.92 ± 0.53 1.78 ± 0.34 0.370
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has been postulated that gradual changes may occur in 
the CANs from repeated epileptogenic insults arising or 
spreading to these areas [22, 23].

In patients affected by TLE, the frequency of ANS 
symptoms was significantly higher than those with IGE. 
This is because the temporal lobe plays a central role in 
the activity of the CAN. Moreover, experimental data 
indicate that ictal and interictal epileptogenic activity can 
spread from the temporal lobe and interfere with auto-
nomic functions. Furthermore, chronic TLE can induce 
structural lesions characterized by the presence of sig-
nificant neuronal loss and sclerosis in two regions that 
are involved in the CAN, like the amygdala and the hip-
pocampus [24, 25].

In our study, the percentage of seizures during which 
there is interictal autonomic change appears to be high 
during temporal lobe seizures than extra-temporal sei-
zures. This finding was also reported by many other stud-
ies [26–28].

The interictal R–R interval and BP changes of PwE 
of this study indicate ANS (parasympathetic and sym-
pathetic) dysregulation. Such changes denote an inter-
relationship between the brain and the heart in PwE [4, 
14, 29, 30]. These epilepsy-related cardiac manifestations 

can occur ictally, but also in the interictal period [11, 31]. 
This has been shown in various types of epilepsy, includ-
ing TLE and IGE [32, 33].

The concept of the epileptic heart was proposed 
recently “repeated rises in catecholamines and hypox-
emia during chronic epilepsy causes injury to the heart 
and coronary vasculature resulting in both electrical and 
mechanical dysfunction [34, 35]”.

SSR latency but not the SSR amplitude was evaluated in 
our PwE because the SSR latency values are less affected 
by the habituation phenomenon, therefore they are more 
objectively reflect ANS dysfunction [36]. The latencies 
were longer in the upper extremity of PwE when com-
pared to the control group. SSR latency is suggested to 
reflect the conduction of the efferent sudomotor path-
way and the postganglionic non-myelinated C fibers [37]. 
Similar to our results, Drake et al. [38] and Berilgen et al. 
[39] also reported prolonged SSR latencies in epileptic 
patients. Conversely, Atalar et al. [14] found no difference 
in the SSR latency between PwE and controls.

It is well documented that the SSR has an excitatory 
suprasegmental input from cerebral cortex and inhibitory 
inputs from the striatum reflecting the activity of pos-
terior hypothalamus and brainstem reticular formation 

Fig. 1 Regression line of SSR latency and R–R interval during deep breathing (A), and R–R interval during rest (B), and R–R interval during Valsalva 
maneuver in patients with epilepsy (C)
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[38]. Such centers are affected by seizures and interictal 
paroxysms and may play a role in epilepsy-related auto-
nomic symptoms. So, it is rational for the SSR to reflect 
the effects of central influences on autonomic function.

Many studies documented prolonged SSR latencies in 
diseases where the ANS is extensively involved such as 
Parkinson’s disease, complex regional pain syndrome, 
and amyotrophic lateral sclerosis, and ischemic strokes 
[30, 40–42].

None of the autonomic function tests was different 
between the two disease subtypes. Despite the exclusion 
criteria of the present study, factors such as the small 
sample size of the two subgroups, cognitive status of the 
patients, patient compliance with examinations, nature of 
epilepsy disease, and probable subclinical seizures may 
have affected our outcomes.

In this study, TLE patients were differentiated by the 
right or left location of the epileptic foci to assess the 
relationship between interictal epileptiform discharges 
and modifications of the autonomic cardiac and sudomo-
tor control. Our data show no side-specific hemispheric 
lateralization between left TLE and right TLE in all stud-
ied cardiovascular autonomic and sudomotor tests indi-
cating loss of lateralized control of autonomic functions 
in PwE. Conversely, several studies suggest hemispheric 
lateralization of autonomic cardiovascular control 
[43–45].

The divergence of our study from other studies for 
the absent lateralization may be due to the fact that 
irrespective of the localization and the onset of epilep-
tic discharges, they may spread and activate autonomic 
centers. Moreover, chronicity of disease, refractori-
ness to treatment, and continuous seizures that worsen 
the ANS functions in both right and left TLE patients. 
Thirdly, influence of the testing method used in this 
study to investigate autonomic function as majority of 
other studies test the HRV with 24-h electrocardiogram 
monitoring.

The negative correlation between sudomotor test (SSR 
latency) and the cardiovascular (R–R interval) in PwE of 
this study may indicate that both sympathetic and para-
sympathetic divisions of ANS are affected in the same 
way.

Despite that our PwE were on AEDs (bi- or poly-
therapy) which could denote to major limitation. A pos-
sible detrimental effect of AEDs on electrical properties 
of cardiac cells and thereby the HRV therefore cannot 
be completely excluded. Nevertheless, the role of AEDs 
in the causation of cardiac autonomic neuropathy is 
controversial. Some authors have reported that carba-
mazepine use may aggravate autonomic dysfunction in 
epilepsy patients, whereas others have found no relation-
ship between AED treatment and interictal autonomic 

dysfunction [8, 11, 39, 46, 47]. The absent differences in 
all autonomic tests between patients with TLE (major-
ity of them on carbamazepine) and patients with IGE 
(treated with sodium valproate) would minimize the 
effect of AEDs on the results of this study.

Conclusions
Abnormal autonomic (sympathetic and parasympathetic) 
regulatory functions suggest that epilepsy may alter the 
autonomic function and this is not only in TLE but rather 
in IGE too. These autonomic changes are irrespective of 
the localization of epilepsy between the two hemispheres. 
The ANS changes in epileptic patients, particularly those 
with autonomic symptoms, confirm that electrophysi-
ologic measures of autonomic function may be of value 
in preventing sudden unexpected death due to epilepsy.
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