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Abstract

Air pollution is potential environmental risk factors for stroke. There is strong association between short term exposure to air
pollution and admission to hospital for stroke and mortality from stroke. These associations were strongest in low and middle
income countries, suggesting the need for policy changes to reduce personal exposure to air pollutants. Ambient sulfur dioxide
(S802) is considered a risk factor for ischemic stroke and seizure. We are reporting a case of young male without identifiable
risk factors presented with posterior circulation ischemic stroke, which occurred after an accidental SO2 exposure. Endothelial
dysfunction and inflammation are the possible underlying pathophysiology for development of stroke. Understanding the
mechanism between SO2 exposure and the onset of brain ischemia would be helpful in preventing devastating health hazard.
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1. Introduction

Stroke is a common cause of death and a leading cause of
long-term severe disability in both developed and developing
countries." The global burden of stroke related disability is
high and continues to rise. This has been primarily attributed
to an ageing population in high income countries and the
accumulation of risk factors for stroke, such as hypertension,
diabetes, obesity and smoking, in low and middle income
countries.” Epidemiological studies show an association
between air pollution and ischemic stroke.’ Effective
pollutants may include sulfur dioxide, nitrogen dioxide,
ozone, carbon monoxide and particulates.”

SO2 exposure exacerbates the states of cardiopulmonary and
cardiovascular diseases and increases the risk of premature
death from circulatory system causes, including ischemic
stroke. But mechanism of its effects on the brain is not
understood currently. The involvement of SO2 may be
challenged on the basis that it tends to be correlated with
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toxic combustion particles,” yet pathophysiologic images of
animal stroke model after inhalation of SO2 show brain
injuries similar to those caused by cerebral ischemia.® We are
presenting a case of posterior circulation stroke after
accidental sulfur dioxide exposure.

2. Case

A 31 years old male chemical engineer had accidental
exposure of sulfur dioxide while working in his sugar mill
plant. He had mild headache, dizziness and throat discomfort
for 2 weeks. Later, he had 3 episodes of teeth clenching with
up rolling of eyeball with numbness in right upper limb and
lower limbs lasted for few seconds without any loss of
consciousness. He was evaluated at local hospital and
diagnosed to have simple partial seizures and was put on
antiepileptic drug. Around 6 weeks after the exposure, he had
acute onset weakness in all 4 limbs with difficulty in
speaking followed by altered sensorium. There was no
history of diabetes mellitus, hypertension, cardiac disease
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and migraine. He denied any antecedent medical illness, drug
abuse or addiction. There was no history of any cardiac or
cerebrovascular disease at young age in family.

Neurologic examination revealed quadriparesis (Lower
limbs- Grade 1/5; Upper limb- Grade 2/5), flaccid dysarthria,
dysphagia, bilateral facial nerve palsy and bilateral
asymmetric (right more than left) cerebellar signs. His
cardiovascular ~and  respiratory
unremarkable. MRI brain revealed acute infarct involving
central part of the pons and right cerebellar hemisphere
(Figure 1). MR angiography brain revealed basilar artery
thrombosis with reformation of basilar top and bilateral
posterior cerebral artery via posterior communicating artery.
CT angiography revealed a hypo plastic left vertebral artery,
significant narrowing of distal right vertebral artery and
occlusion of the basilar artery (Figure 2). His EEG was
unremarkable. Markers for vasculitis (ANA, ENA profile,
Anti ds DNA, c-ANCA, p-ANCA, ACE) and markers of
young stroke including complete thrombophilia panel
(Protein C, Protein S, Ant thrombin, Factor V Leiden
mutation, prothrombin G20210A mutation, MTHFR
mutation, anti-phospholipid antibody, Lupus anticoagulant,
anticardiolipin antibody) were normal. His extensive cardiac
workup including holter monitoring and trans-esophageal
echocardiography were non contributory.

examination was

Figure 1. MRI brain revealed acute infarct involving central part of the
pons.

Figure 2. CT angiography revealed a hypo plastic left vertebral artery,
significant narrowing of distal right vertebral artery and occlusion of the
basilar artery.

A diagnosis of posterior circulation stroke and basilar artery
thrombosis after sulfur dioxide exposure was made, as other
causes of stroke like cardioembolic, thrombophilia and
familial were ruled out with appropriate investigations. He
was managed in intensive care unit with low molecular
weight heparin, antiplatelet, statins, antiepileptic and
physiotherapy. His dysarthria and limb weakness improved
gradually. He was ambulatory with minimal support at the
time of discharge.

3. Discussion

Outdoor air pollution is an important risk factor for
cardiovascular disease throughout the world, with particulate
air pollution alone responsible for over three million deaths
each year.” The short term effects of air pollution on cardiac
disease, including myocardial infarction and heart failure,
have received much attention. It is less certain whether acute
exposure to air pollution is a trigger for cerebrovascular
disease, especially stroke.” SO2 resulting from the burning of
fossil fuels is a major component of air pollution. In urban
areas, SO2 originates from domestic heating, power
generation through thermal power plants and motor vehicles.
SO2 is used routinely in sugar mill plants to reduce and
prevent color formation in white refined sugars. Its inhalation
is responsible for adverse health effects due to its absorption
by respiratory tract mucous membranes.® Endothelial
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dysfunction and inflammation have been emphasized as
pathologic mechanisms leading to cerebral ischemic stroke.
The cerebrovascular endothelium plays a critical role in the
regulation of normal vascular homeostasis. Perturbation of
endothelial function is an important step in the pathogenesis
of ischemic stroke. Endothelial dysfunction is usually caused
by altered production of vasoactive factors, especially
elevated endothelin-1 expression. It is most potent
vasoconstrictor and contributes to the reduction of blood
flow, interruption of energy metabolism, and following
injuries associated with ischemia in the brain.’

Increases in concentrations of ambient sulfur dioxide were
associated with increased probability of emergency
department visit for ischemic stroke and seizure. Air
pollution is a modifiable risk factor for stroke and seizure.
Prevention of some cases of stroke or seizure may be
achieved by improving air quality or by regulating the
allowable levels of exposures to ambient gases in the
workplaces.'” To the best of our knowledge, this is the first
case report of a posterior circulation ischemic stroke
occurring as a complication of sulfur dioxide exposure.

References

[1] Johnston SC, Mendis S, Mathers CD. Global variation in
stroke burden and mortality: estimates from monitoring,
surveillance, and modelling. Lancet Neurol. 2009;8:345-354

[2] Lim SS, Vos T, Flaxman AD, et al. A comparative risk
assessment of burden of disease and injury attributable to 67
risk factors and risk factor clusters in 21 regions, 1990-2010:
a systematic analysis for the Global Burden of Disease Study
2010. Lancet2012;380:2224-60

(3]

(4]

[6]

(7]

(9]

[10]

109

Shah ASV, Lee KK, McAllister DA, Hunter A, Nair H,
Whiteley W et al. Short term exposure to air pollutuion and
stroke:  systemic  review and  meta-analsis BMJ
2015;350:h1295

Brook RD, Rajagopalan S, Pope CA III, Brook JR, Bhatnagar
A, Diez Roux AV, et al.; American Heart Association Council
on Epidemiologyand Prevention, Council on the Kidney in
Cardiovascular Disease, and Council on Nutrition, Physical
Activity and Metabolism. Particulate matter air pollution and
cardiovascular disease: An update to the scientific statement
from the American Heart Association. Circulation.2010; 121:
2331-2378.

J. Schwartz, “Daily deaths are associated with combustion
particles rather than SO2in Philadelphia,”Occupational and
Environmental Medicine, vol. 57, no. 10, pp. 692-697, 2000.

N. Sang, Y. Yun, H. Li, L. Hou, M. Han, G. Li. SO2 Inhalation
contributes to the development and progression of ischemic
stroke in the brain. Toxicological Sciences 2010; 114: 226—
236.

Mateen FJ, Brook RD. Air pollution as an emerging global
risk factor for stroke. JAMA 2011; 305: 1240-1.

World Health Organization. WHO air quality guidelines -
global update. Bonn: WHO; 2005.

Leung JWC, Chung SSM, Chung SK. Endothelial endothelin-
1 over-expression using receptor tyrosine kinase tie-1
promoter leads to more severe vascular permeability and
blood brain barrier breakdown after transient middle cerebral
artery occlusion. Brain Res. 2009;1266: 121-129.

Szyszkowicz M, Porada E, Tremblay N, et al. Sulfur dioxide
and emergency department visits for stroke and seizure.
Stroke Res Treat 2012;2012:824724



