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Objective: Symptomatic seizure or post-stroke seizure are the most common seizure subtypes 
among the elderly. The purpose of our study was to better understand post-stroke epilepsy in 
relation to their cerebral location, and to find a possible link between epileptic seizure after 
stroke debut and the differences in solar activity. Methods: This retrospective chart review of 
patients who died from hemorrhagic stroke in Ulaanbaatar, Mongolia. Only patients with a 
hemorrhagic stroke from periods with relatively high solar activity (2000-2002 and 2013-2015) 
and relatively low solar activity (2008-2010) were considered. Results: Hemorrhagic stroke 
affected mainly patients between 45-59 years of age. Post-stroke epilepsy was less prevalent 
less during decreased solar activity years. Post-stroke epilepsy was more prevalent in patients 
with subarachnoid hemorrhage and brainstem hematoma and even more prevalent in patients 
with diabetes (p<0.01). Conclusion: Post-stroke epilepsy was less frequent during low solar 
activity years. Post-stroke epilepsy with concomitant brainstem hematoma resulted in poor 
outcomes following stroke.
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Introduction

Stroke often leaves its survivors with severe disabilities that 
cause emotional and economic hardships for both patients 
and their families. It also poses enormous costs to health care 
system [1]. Stroke kills about 140,000 Americans each year and 
is the 3rd leading cause of death in the US causing 1 out of 
every 20 deaths [2]. In the USA, every 40 seconds someone

is affects by a stroke, and every 4 minutes someone dies 
because of stroke [3]. Cerebrovascular mortality in Mongolia 
is 3rd highest in world at 240 per 100,000 persons per year 
[4]. In 2015, Mongolia had the highest the age-standardized 
global mortality rate following hemorrhagic stroke per at 230 
per 100000 people [4].

The regulatory systems of the human body are designed to 
adapt to daily, seasonal climatic, and geomagnetic variations;
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however sharp changes in solar and geomagnetic activity 
can stress these regulatory systems, resulting in alterations in 
melatonin/serotonin balance, blood pressure, immune system, 
reproductive, cardiac and neurological processes [5]. Research 
linking cardiovascular disorders to geomagnetic activity during 
the past 40 years is accumulating [6]. Solar activity (SA) and 
geomagnetic storms influence human behavior and mental 
changes, hereditary aspects, sudden cardiac death and stroke 
and attract the attention of researchers worldwide. Some studies 
have shown that geomagnetic storms account for 2 .64%  of all 
strokes on a population level, exposure to geomagnetic storms 
(with A index <60) on an individual level are found to increase 
the relative risk of stroke by 19% across all ages [5].

Geomagnetic activity are perturbations of the Earth's 
magnetic field, associated with changes in the magnetosphere- 
ionospheric system. Geomagnetic activity is a part of solar- 
terrestrial physics and its practical part is known as space 
weather. The main manifestations of geomagnetic activity are 
strong perturbations that are known as magnetic substorms and 
magnetic storms, as well as weaker perturbations manifested 
as various types of magnetic pulsations. A geomagnetic storm 
is a strong geomagnetic field disturbance lasting from several 
hours to several days. Along with substorms, geomagnetic 
storms are a type of geomagnetic activity. The intensity of the 
geomagnetic storm is usually described by the Kp-index. The 
A-index provides a daily average level for geomagnetic activity.

Symptomatic seizure after stroke or post-stroke epilepsy 
(PSE) is a common seizure type among elderly. Acute 
symptomatic seizures occur at the time of the brain insult and 
may be a marker of the severity of injury [7]. Patients with 
hemorrhagic stroke are at significantly greater risk of seizures, 
with an almost 2-fold increase in the risk of seizures [8]. 
Seizures occurs in about 10% of stroke patients. Five percent 
are early-onset seizures (peak onset within the first day after 
the stroke) and another 5% occur later [9]. Most seizures occur 
within 24 to 48 hours after stroke [14]. Patients over 60 years 
of age have a stroke incidence of 2-4%  and the majority of 
strokes occur in the right hemisphere, in the territory of the 
middle cerebral artery [10]. It is thought that acute damage to 
the site of the stroke precipitates the seizure.

In a univariate analysis, the risk factors for PSE were 
subcortical location of hematoma, larger hematoma volume, 
hematoma evacuation, and lower Glasgow coma scale score
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on admission, whereas patients with infratentorial hematoma 
or hypertension were less likely to develop PSE [11]. Also 
having a high National Institutes of Health Stroke Scale (NIHSS) 
score was a significant predictor of epilepsy and epilepsy after 
stroke [15].

Our study differs from other studies by relating PSE with 
solar activity. The aim of this retrospective study was to better 
understand PSE in relation to their location, consciousness 
state after and before seizure and to develop possible link of 
epileptic seizure debut after stroke with the amount of solar 
activity in patients from Ulaanbaatar, Mongolia.

Methods

Patients
This study is based on results of 669 autopsies of patients 
in Ulaanbaatar, Mongolia who died from nontraumatic 
hemorrhagic stroke during the years of above average solar 
activity (2000-2002, 2013-2015) and and during the years 
of below average solar activity (2008-2010). Autopsy cases 
where the proven cause of death was hemorrhagic stroke were 
gathered from the archive database of First and Third clinical 
hospitals of Ulaanbaatar, and from National Pathological 
Center of Mongolia. All cases of intracranial hemorrhage 
(ICH) were divided into 14 age groups with 5-year intervals by 
gender. ICH was classified on epidural, subdural, subarachnoid, 
parenchymal, intraventricular, cerebellar hemorrhage. Stroke 
cases subdivided also by general location (right hemisphere, 
left hemisphere, brain stem), lobe (frontal, temporal, occipital, 
parietal, frontotemporal, frontoparietal, temporooccipital, 
temporoparietal, parietooccipital) and hematoma herniated 
into the ventricles. Stroke cases which were caused by rupture 
of the intracranial vessels were subdivided by the location of the 
aneurysm. Most common causes of intracranial bleeding were 
arterial hypertension, intracranial aneurysm, Moyamoya disease, 
arteriovenous malformation, cerebral amyloid angiopathy, and 
hemorrhage per diapedesis. Risk factors including arterial 
hypertension, diabetes, alcohol abuse, antiplatelet drug 
intake, obesity, and atherosclerosis were recorded. The seizure 
history was gathered from the patients' medical records and 
the personal history of seizures was recorded categorically as 
positive or negative. Seizures were defined according to the 
International League Against Epilepsy criteria [28].
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External environmental factors: The yearly average of the 
solar indices A and Kp, Geomagnetic data were extracted from 
Figure 1 from the International Space Environment Service 
and Solar Influences Data Analysis Center of the solar physics 
research department of the Royal Observatory of Belgium 
[29]. The yearly mean average of Kp index was extracted from 
the U.S. National Oceanic and Atmospheric Administration's 
DSCOVR Space Weather Data Portal [30].

Geomagnetic storms were classified into minor or moderate 
depending on annual mean Kp index. After reviewing Figure 1, 
we focused our study on 2000-2002 when solar activity was 
high, on 2008-2010 when solar activity was low and on 2013
2015 when solar activity increased again.

Statistical analysis
The statistical analysis was done using statistic package 

STATISTICA 10, and SPSS-20. Logistic regression analysis 
compared quantitative variables patient age, A index, Kp index, 
and the month of when stroke was noted with categorical 
variables of brain stem damage, gender, elevated blood 
pressure upon stroke, debut, time of day when first symptom of
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stroke was noted, stroke location, gender, post stroke epilepsy, 
mortality, and herniation of hematoma into the ventricles, 
and other risk factors such as smoking, alcohol consumption, 
obesity, arterial hypertension, kidney disease, liver disease, 
diabetes, season of when stroke was noted. The regression 
intercept was the expected mean value of independent variable 
when the dependent variables were all zero.

Results

We identified 669 cases of death from intracranial hemorrhage 
during high and low phases of solar activity. Fifty six percent 
were in men with a mean age of 54.4±12.2 years and 44%  
were women with a mean age of 54.23±12.52. There were 98 
cases with an unclear medical history, arriving in a hospital in 
unconsciousness state.

During low solar activity years intracranial hematoma 
was more often located in the parietal and frontal lobe in 
contrast to the period of higher solar activity years, where 
hematomas more often were located in the frontotemporal
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Figure 1. Daily and monthly sunspot number from 2001 to 2014). Daily sunspot number (yellow), 
monthly mean sunspot number (blue), smoothed monthly sunspot number (red) over a 13 year period.
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Table 1. Predictors of Post-stroke epilepsy from logistic regression.

Analysis of Maximum Likelihood Estimates

Parameter Odds Ratio DF St.Estimate Walid Error Chi-Square p-value

Seizure appearance 
intercept 1 1 4.9373 1.1478 18.5045 <.0001

Seizure appearance 
intercept 2 1 7.9189 1.1807 44.9872 <.0001

Patient age 0.982 1 -0.0186 0.00645 8.3152 0.0039

A index (max 24-hour disturbance) 1.063 1 0.0607 0.0177 11.8129 0.0006

Kp index (magnetic field disturbance) 0.329 1 -1.1131 0.2603 18.2911 <.0001

Elevated BP after 
stroke debut 0692 1 -0.3676 0.1871 3.8583 0.0495

Time of day of stroke debut 0.891 1 -0.1151 0.0541 4.5254 0.0334

Stoke location 1.475 0.3884 0.1311 8.773 0.0031

Brain stem involvement 0.576 -0.5518 0.2357 5.4801 0.0192

Association of Predicted Probabilities and Observed Responses 

Percent Concordant 63.3 Somer's D 0.272

lobe (p<0.05). Larger hematomas, like hematomas herniated 
into the brain ventricles were found during higher solar activity 
years (p<0.05). Intracranial hemorrhage caused by arterial 
hypertension prevailed throughout the high solar activity years 
in comparison with low solar activity years (p<0.05).

Using analysis of maximum likelihood estimates of logistic 
regression with elimination we identified the risk factors most 
predictive of PSE. Our analysis of Pearsons Chi-Square and 
Walid Chi-square there the predictive factors are shown in 
Table 1.

We compared the ICH mortality rates of those which 
presented epilepsy with those that did not. Of the cases that 
developed epilepsy, 43%  (n=74) survived the first day, 22% 
(n=39) survived until the third day, 17% (n=29) survived until 
the seventh day, 7% (n=12) survived until the eleventh day, 
4 .7%  (n=8) until the fourteenth day and 3.5%  (n=10) survived 
more than 14 days after stroke. In comparison with patients 
who did not develop epilepsy after stroke, 62%  (n=152) 
survived the first day, 21% (n=84) survived until the third day, 
21% (n=85) survived until the seventh day, 7 .5% %  (n=30) 
survived until the eleventh day, 6.5 (n=26) until the fourteenth 
day and 5.5% (n=22) survived more than 14 days after stroke.

PSE was observed less during years with decreased

solar activity (p<0.0001) in comparison with high years with 
solar activity. The mean age of PSE presented patients was 
51.2±11.9. Most of the cases with PSE developed in patients 
with subarachnoid hemorrhage (p<0.05), brainstem hematoma 
(p<0.03) and cases with combined hematoma (p<0.0001). 
PSE appeared more frequently after ICH debut in cases with 
type 2 diabetes (p<0.02). Aneurysms ruptured more frequently 
when present in the anterior circulation (p<0.02). There was no 
association between pre-stroke hypertension and hypertension 
at time of hospitalization (p<0.05). The debut of PSE shown 
was associated with elevated arterial blood pressure at the 
time of arrival at hospital (p<0.0001).

Discussion

Solar activity has multiple effects on the human body including 
effects on heart rate, myocardial infarction mortality, stroke 
morbidity and epilepsy [15-18]. Previous studies which involved 
1 1453 patients with stroke collected during 16,031,764 person- 
years of observation concluded that geomagnetic storms can 
trigger strokes [6]. PSE as a presenting sign of an ICH in 172 of 
669 (26% ) cases. The main limitation of that study was that the 
authors were not able to get individual-participant data from
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studies in Asia, Africa, North and Latin America. They concluded 
that their findings needed to be confirmed in other regions of 
the world. One-hundred-seventy-two of 669 cases who had 
ICH presented PSE.

Our study showed that PSE occur more frequent 
after subarachnoid hemorrhage and when combined with 
hematoma. Similar results were found in the study of Burn et al. 
where the PSE risk was increased in survivors of subarachnoid 
and intracerebral hemorrhage [20].

We found that PSE was more frequent in patients with brain 
stem hematoma. In contrast, Lahti et al. reported that patients 
with infratentorial hematoma developed PSE less frequently 
[11]. The proposed mechanism for seizure after ICH with brain 
stem damage is that local hypoxia at respiratory center leads to 
global hypoxia of the cerebral cortex leading to seizure. There 
is a similar mechanism of neonatal epilepsy and epilepsy of 
experimental animals where hypoxic-ischemic encephalopathy 
plays a key role [22, 23]. Stoupel et al. hypothesized that the 
suppression of the nocturnal concentrations of the endogenous 
anticonvulsant melatonin by sudden increases in geomagnetic 
activity may cause fatal cardiac arrhythmias by uncoupling 
the insular/amygdaloid-paraventricular hypothalamic-solitary 
nucleus pathways [20]. Our results were similar in that PSE was 
less frequent during the years there was lower solar activity. 
Geomagnetic storms was not identified as a predicting risk 
factor of PSE in our logistic regression analysis and that result 
was diverges with results of Stoupel et al.

It has been shown by other investigators that the risk of 
death is increased in patients with PSE and also the risk of 
PSE is increased in young patients with hemorrhagic stroke 
[24]. The mean age of the patients with PSE in our study was 
51.2±11.9 and PSE affected more often men in this age.

Other investigators found that loss of consciousness at 
arrival was associated with increased risk of PSE [26]. We did 
not observe this in our study.

The increased incidence of PSE after total anterior 
circulation infarction may reflect the extensive damage 
frequently sustained to the frontal and temporal cortex, the 
most epileptogenic areas of the brain [27]. This is comparable 
to our results where rupture of an intracranial aneurysm located 
in the area of internal carotid artery more frequently resulted 
in PSE (p<0.02).

Patients with diabetes presented with PSE more often than
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those with other risk factors (p<0.02) but the mechanism of 
their seizures may need to be differentiated from hypoglycemic 
seizures which may be partially explained by pathophysiological 
implications of diabetes, especially in the context of anti
glutamic acid decarboxylase antibodies [27].

Logistic regression analysis identified location of 
hematoma, complication of hematoma with herniation to 
ventricles, and age of patients as factors which provoke PSE.

Our study has the limitation of a retrospective review 
and used records that were not designed specifically designed 
for our topic and including the possibility of an absence of data 
on potential confounding factors. Another limitation of this 
study is that we did not study the impact of solar radiation 
on PSE after ischemic stroke, cerebral venous thrombosis, and 
transient ischemic attack. Future prospective studies about PSE 
after the different types of stroke are needed.

Conclusions

Predicting factors for PSE were the location of hematoma, time 
of day of stroke debut, and age. The PSE more often affected 
people between 30-34 and 65-69 years old and there were 
no gender differences in this age groups. Post-stroke epilepsy 
was less frequent during low solar activity years. Post-stroke 
epilepsy was more prevalent in patients with subarachnoid 
hemorrhage and brainstem hematoma and even more in 
patients with diabetes. Post-stroke epilepsy with concomitant 
brainstem hematoma result in poor outcomes following stroke.
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