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cardio ‑cerebrovascular diseases has been not‑
ed.11 Previous cohort studies revealed that pa‑
tients with CRS were at higher risk of acute myo‑
cardial infarction and stroke.12-16

The aim of our study was to assess whether in‑
flammatory lesions in the sinuses may represent 
a risk factor for ischemic stroke, similar to that 
posed by arterial hypertension (AH), atrial fibril‑
lation (AF), atherosclerosis, diabetes, or cigarette 
smoking. We compared the computed tomogra‑
phy (CT) scans of paranasal sinuses in patients 
deemed eligible for mechanical thrombectomy 

IntroductIon Chronic rhinosinusitis (CRS) 
is one of the most widespread chronic diseases 
in the world, affecting 11% of Europe’s popula‑
tion1,2 and 12.5% of the United States popula‑
tion.3,4 There are known complications of CRS re‑
sulting from the anatomical proximity of the si‑
nuses and the brain, such as brain abscess, sub‑
dural empyema, cranial nerve palsy, and meningi‑
tis. Chronic rhinosinusitis may lead to cavernous 
sinus and jugular vein thrombosis, as well as my‑
cotic aneurysm.5-10 Furthermore, a relationship 
between chronic inflammatory diseases and 
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AbstrAct

IntroductIon Chronic rhinosinusitis is one of the most widespread chronic diseases in the world, 
whereas stroke is the leading cause of death and disability. There are numerous reports on the relation‑
ship between chronic inflammatory diseases and cardio ‑cerebrovascular diseases.
objEctIvEs The study aimed to assess whether inflammatory lesions in the sinuses can be a risk factor 
for stroke, similar to other known risk factors such as arterial hypertension, atrial fibrillation, atheroscle‑
rosis, diabetes, or cigarette smoking.
PAtIEnts And mEthods We analyzed the results of head computed tomography performed in 163 
patients with ischemic stroke (79 men) at a mean (SD) age of 68.5 (12.7) years who were deemed eli‑
gible for mechanical thrombectomy. The control group included 75 patients (31 men) with neurological 
diseases of nonvascular origin.
rEsuLts Among patients with stroke, inflammatory lesions in the sinuses were found in 95 individuals 
(58.3%), with a frequency comparable to that of atrial fibrillation (77 [47.2%]). Chronic rhinosinusitis 
occurred more often than diabetes (33 [20.2%]; P <0.001) and self ‑reported nicotinism (18 [11%]; 
P <0.001), yet less frequently than arterial hypertension and generalized atherosclerosis (124 [76.1%]; 
P <0.001 and 116 [71.2%]; P = 0.02, respectively). Inflammatory sinus lesions of moderate or high 
severity were more often observed in patients with stroke than in the control group and they mainly 
involved the ethmoid sinuses.
concLusIons Moderate ‑to ‑severe inflammatory lesions indicating chronic rhinosinusitis are common in 
patients with stroke, which suggests the role of local inflammation in inducing acute cerebral ischemia.
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The sinuses were examined in 3 planes. In‑
flammatory lesions were assessed using the 
Lund–Mackay score (the degree of opacification 
in the maxillary, anterior and posterior ethmoid, 
frontal, and sphenoid sinuses as well as the ob‑
struction of the ostiomeatal complexes were eval‑
uated [on both sides]) on a 0–2 scale [a maximum 
of 24 points]).18 Depending on the number of 
points assigned, the following categories of CRS 
stages were distinguished: 0—normal, 1 to 3—
mild, 4 to 10—moderate, and >10—severe. In this 
study, the term CRS refers only to inflammato‑
ry lesions in the sinuses apparent on a head CT 
scan, and not to data on clinical complaints and 
treatment, as suggested by the EPOS.18,19

In both study groups, patients’ history includ‑
ed information on sex, age, comorbidities such as 
AH, diabetes, atherosclerosis (defined as symp‑
tomatic ischemic heart disease during the last 6 
months and / or carotid stenosis, and / or lower 
limb ischemia), AF, and smoking status. C ‑reactive 
protein levels were also measured in all patients.

Exclusion criteria included medical history 
suggesting sinus complaints and their possible 
treatment within the last 2 months, acute in‑
fection, thrombolytic or endovascular therapy 
within at least 3 months prior to study enroll‑
ment, and vascular brain injury (Fazekas score ≥2) 
at inclusion.

statistical analysis Study results were expressed 
as absolute numbers and percentages for frequen‑
cy, mean (SD) for age, or median values with in‑
terquartile ranges for the Lund–Mackay score. 
The nonparametric Mann–Whitney rank sum test 
was used. Frequencies were compared using the z 
test for proportions. Multiple regression analy‑
sis was conducted with age, sex, AF occurrence, 
AH, diabetes, and atherosclerosis to determine 
the association with the Lund–Mackay score in 
both study groups. All analyses were performed 
using the Statistica 13.3 software package (Stat‑
Soft, Kraków, Poland). A P value less than 0.05 
was considered significant.

Ethics Ethics committee approval was not re‑
quired for this study, as the adopted approach did 
not differ from the applied treatment standards.

rEsuLts The study included 165 patients with 
ischemic stroke. Two patients in whom CT was 
performed in another center were excluded from 
analysis. Eventually, data of 163 patients (79 men 
and 84 women) were analyzed. The mean (SD) 
age of patients was 68.5 (12.7) years. The con‑
trol group consisted of 75 patients, including 31 
men and 44 women, at a mean (SD) age of 55.4 
(22.4) years.

chronic rhinosinusitis in the stroke and control 
groups Inflammatory lesions in the sinuses were 
found in 95 patients (58.3%) from the stroke 
group, with the following degrees of severity: mild 
in 35 patients (36%), moderate in 44 (46%), and 

due to ischemic stroke and those with central 
nervous system diseases of nonvascular origin. 
Subsequently, we analyzed the extent of inflam‑
mation in individual paranasal sinuses in both 
groups in order to assess which patients devel‑
oped the most severe inflammatory lesions.

PAtIEnts And mEthods This single ‑center, ret‑
rospective, observational, case ‑control study in‑
cluded patients referred to the Department of 
Neurology of the Leszek Giec Upper Silesian Med‑
ical Centre of the Silesian Medical University in 
Katowice ‑Ochojec in 2019. Eligible patients were 
those with ischemic stroke in whom mechan‑
ical thrombectomy was indicated according to 
the 2018 guidelines for the management of acute 
ischemic stroke.17 Patients in whom diagnostic 
workup confirmed the presence of embolic mate‑
rial in cerebral vessels were selected for analysis.

The control group consisted of patients with 
neurological diseases of nonvascular origin (In‑
ternational Classification of Diseases, Tenth Re‑
vision [ICD ‑10] codes: G20, G30, G40, C71, and 
G96). Patients with vascular brain injury (Fazekas 
score ≥2) and those treated with thrombolytic or 
endovascular therapy within at least 3 months 
prior to study enrollment were not included. Dur‑
ing hospital stay, patients underwent several im‑
aging examinations of the head (tomography, CT 
angiography of the cerebral vessels, and nuclear 
magnetic resonance imaging) to diagnose the un‑
derlying disease. Tomography also enabled us 
to evaluate the extent of inflammation within 
the paranasal sinuses.

In both study groups, we assessed the extent 
of inflammation in the paranasal sinuses based 
on a CT scan performed on the first day of hospi‑
talization using Optima CT 540 (GE Healthcare, 
Chicago, Illinois, United States) without contrast 
enhancement.

In the stroke group, CT was performed on 
the first day of hospitalization, and in the con‑
trol group, within the first 3 days of hospital stay, 
to exclude the possibility of hospital ‑acquired 
sinusitis.

whAt’s nEw?

Numerous researchers have emphasized the association of chronic inflam‑
matory diseases and cardio ‑cerebrovascular diseases. In previous reports 
(retrospective cohort studies) on the relationship between chronic rhinosinusitis 
and the occurrence of stroke (ischemic or hemorrhagic), rhinosinusitis was 
diagnosed based on International Classification of Diseases, Tenth Revision 
(ICD ‑10) codes. In our study, inflammatory lesions in the sinuses were identified 
by computed tomography of the head, performed in the ultra ‑acute disease 
period (up to 6 hours following the first stroke symptoms). Our findings show 
that inflammatory lesions in the sinus were more common than diabetes and 
nicotinism and as common as atrial fibrillation in patients with ischemic stroke 
who underwent thrombectomy. A large labyrinth of anterior and posterior 
ethmoid cells lined with the mucosa and the presence of arteries might favor 
a faster transport of inflammatory mediators produced in the sinus.
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that of AF (77 [47.2%]). Chronic rhinosinusitis oc‑
curred more frequently than diabetes (33 [20.2%]; 
P <0.001) and the reported history of smoking (18 
[11%]; P <0.001), yet less frequently than AH and 
atherosclerosis (124 [76.1%]; P <0.001 and 116 
[71.2%]; P = 0.02, respectively) (tAbLE 2).

In the control group, CRS was observed in 34 
patients (45.3%), more often than AF (6 [8%]; 
P <0.001), diabetes (10 [13.3%]; P <0.001), ath‑
erosclerosis (15 [20%]; P  <0.001), and nico‑
tinism (17 [22.6%]; P = 0.005), and as often as 
AH (34 [45.3%]; P >0.99) (tAbLE 2).

C ‑reactive protein levels were similar in both 
groups. Atrial fibrillation, AH, and generalized 
atherosclerosis were more frequent in patients 
with stroke compared with controls, whereas di‑
abetes occurred at similar frequency. The history 
of smoking was more often reported in the con‑
trol group than in patients with stroke (tAbLE 2).

Multiple regression analysis including age, sex, 
AF occurrence, AH, diabetes, and atherosclero‑
sis showed that the severity of CRS was associ‑
ated only with the male sex in the stroke group 
(P = 0.04) and none of the analyzed factors in 
the control group. In the stroke group, there were 
more male patients (58 [73%]) with CRS than 
without (21 [27%]; P <0.001).

Assessment of the extent of inflammatory lesions in 
individual sinuses This study also aimed to assess 
which sinuses were mainly affected by inflamma‑
tion, with the Lund–Mackay score of more than 
3 points. We found that only the ethmoid sinus‑
es were affected by inflammation correspond‑
ing with that score. Inflammatory lesions with 
the Lund–Mackay score of fewer than 3 points 
were equally common in all evaluated sinuses 
(tAbLE 3).

In the control group, the maxillary and eth‑
moid sinuses were most often affected, where‑
as the extent of inflammation over 3 points ac‑
cording to the Lund–Mackay scale was observed 
in the ethmoid sinuses only (tAbLE 3).

dIscussIon The objective of this study was to 
assess whether chronic inflammation in the pa‑
ranasal sinuses could be considered a risk factor 
for stroke in patients with acute ischemic stroke. 
The study was conducted in a fairly homogeneous 
group of patients with ischemic stroke—all of 
them underwent reperfusion therapy, mechani‑
cal thrombectomy. The presence of inflammatory 
lesions in the sinuses was determined based on 
CT of the head performed at the ultra ‑acute stage 
of the disease (up to 6 hours after the first stroke 
symptoms). Inflammatory sinus lesions detect‑
ed by head CT provided an objective confirma‑
tion of chronic inflammation of varying severity, 
which could not be related to hospital ‑acquired 
infection, as the examination was performed 
on the first day of hospitalization. No lesions in 
the sinuses suggesting malignancy (bone infiltra‑
tion and destruction, spread beyond the sinus‑
es) were found. Patients hospitalized for reasons 

high in 16 (17%). In the control group, such le‑
sions were detected in 34 patients (45.3%). Those 
were mild (Lund–Mackay score <4) in the majority 
of patients (24 [71%]) and moderate in 10 (29%).

The comparison of stroke and control groups 
showed that inflammatory lesions in the sinus‑
es were more common in the former group, but 
this was nonsignificant (95 [58.3%] vs 34 [45.3%]; 
P = 0.06). When patients with low Lund–Mackay 
scores, that is, between 0 and 3, were regarded as 
patients without CRS, CRS defined in this way oc‑
curred more frequently in the stroke group than 
in controls (60 [36.8%] vs 10 [13.3%]; P <0.001).

The  severity of rhinosinusitis assessed by 
the Lund–Mackay score was higher in patients 
with stroke than in the control group (median [in‑
terquartile range], 2 [0–5] vs 0 [0–2]; P = 0.001), 
and more patients with stroke had severe inflam‑
matory lesions in the sinuses (Lund–Mackay 
score >10; 16 [17%] vs 0) (tAbLE 1).

coexistence of other diseases in the study groups In 
patients who underwent mechanical thrombec‑
tomy for ischemic stroke, CRS was diagnosed in 
95 individuals (58.3%), at a frequency similar to 

tAbLE 1 Occurrence of inflammatory lesions in the sinuses by severity

Parameter Patients 
with stroke 
(n = 163)

Controls 
(n = 75)

P value

CRS, Lund–Mackay score >1 95 (58.3) 34 (45.3) 0.06

Lund–Mackay score, median, 
(IQR; total range)

2 (0–5; 0–18) 0 (0–2; 0–7) <0.001

Lesion severity Mild (Lund–Mackay 
score, 1–3)

35 (37) 24 (71) <0.001

Moderate (Lund–Mackay 
score, 4–10)

44 (46) 10 (29) 0.08

High (Lund–Mackay 
score >10)

16 (17) 0 (0) NA

CRS, Lund–Mackay score >3 60 (36.8) 10 (13.3) <0.001

Data are presented as number (percentage) of patients unless otherwise indicated.

Abbreviations: CRS, chronic rhinosinusitis; IQR, interquartile range; NA, not applicable

tAbLE 2 Clinical characteristics of the study patients

Parameter Patients with 
stroke (n = 163)

Controls 
(n = 75)

P value

Age, y, mean (SD) 68.5 (12.7) 55.4 (22.4) <0.001

Sex Male 79 (48.5) 31 (41.3) 0.3

Female 84 (51.5) 44 (58.7)

Atrial fibrillation 77 (47.2) 6 (8) <0.001

Arterial hypertension 124 (76.1) 34 (45.3) <0.001

Diabetes 33 (20.2) 10 (13.3) 0.2

Atherosclerosis 116 (71.2) 15 (20) <0.001

Smoking status 18 (11) 17 (22.6) 0.02

CRP, mg/l, median (IQR; total range) 9.5 (5–17.5; 
5–163)

10.3 (5–15.8; 
5–91.6)

0.05

Data are presented as number (percentage) of patients unless otherwise indicated.

Abbreviations: CRP, C ‑reactive protein; others, see tAbLE 1
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are contiguous with nasal structures and commu‑
nicate through an important anatomical region: 
the ostiomeatal complex. This area is of key im‑
portance for the normal functioning of the anteri‑
or paranasal sinuses. When the ostiomeatal com‑
plex is narrowed or occluded, the ethmoid sinuses 
can easily become diseased, resulting in a higher 
incidence of acute and chronic rhinosinusitis.20

Of note, CRS was much more common in 
both study groups than in the general popula‑
tion (5%–12%).18 When examining the incidence 
of CRS in the Dutch population, Dietz de Loos 
et al21 stated that 12.8% of study participants 
had epidemiologically (symptom‑) based CRS, 
and 23% of them had a Lund–Mackay score of 
4 or greater. The prevalence of clinically (imag‑
ing‑) based CRS was 3% or 6.4%, depending on 
the cutoff point. In patients with abnormalities 
on imaging (Lund–Mackay score >4), only 21% 
had epidemiologically based CRS.

In our study, CRS was diagnosed based on in‑
flammatory lesions apparent on sinus imaging. 
The lack of data on the history of sinus complaints 
and treatment in accordance with the EPOS 2020 
guidelines limited our study.19 There were no re‑
sults of subjective tests, such as the visual ana‑
log scale22 or Sino ‑Nasal Outcome Test 22,23 or ac‑
curate data on inhalation allergy, bronchial asth‑
ma, and hypersensitivity to nonsteroidal anti‑
‑inflammatory drugs.

Some studies reported that patients with 
chronic inflammatory diseases are at higher risk 
of coronary artery disease, peripheral vascular dis‑
ease, cardiomyopathy, and stroke.24,25 Inflamma‑
tion also promotes the development of atheroscle‑
rosis. The effects of chronic inflammatory diseases 

other than ischemic stroke, who also underwent 
head CT on the first hospitalization days as part 
of the diagnostic workup, constituted the con‑
trol group.

Our study showed that in patients with isch‑
emic stroke who underwent thrombectomy, in‑
flammatory lesions in the sinuses were more fre‑
quent than diabetes and nicotinism, and as com‑
mon as AF. Atrial fibrillation and nicotinism are 
recognized significant risk factors for stroke. Le‑
sions suggestive of CRS were less frequent in pa‑
tients with stroke than AH and atherosclerosis. 
A similar frequency of CRS was demonstrated in 
both stroke and control groups (P = 0.06). Inflam‑
matory sinus lesions with a Lund–Mackay score 
exceeding 3 were more often detected in patients 
with stroke. Inflammatory lesions in the sinus‑
es with a score of 1 to 3 usually do not have clin‑
ical relevance. They are often small and unilater‑
al, which is why it was deemed reasonable to omit 
this group of patients when comparing the occur‑
rence of CRS in the study population.

In patients with stroke, inflammation most 
often involved the surrounding sinuses, the so‑
‑called ostiomeatal complex, that is, ethmoid, 
frontal, and maxillary sinuses. Inflammation of 
greatest severity (Lund–Mackay score >3) was ob‑
served in the ethmoid sinuses. The ethmoid si‑
nuses made up of multiple minor cells lined with 
mucosa have a large surface relative to their vol‑
ume. These are the only sinuses that are vascu‑
larized (anterior and posterior ethmoid artery), 
often without a bone canal, which leads to direct 
contact with the mucosa altered by inflammation. 
It may facilitate the transport of inflammatory 
mediators in the vessels. Anterior ethmoid cells 

tAbLE 3 Inflammatory lesions in various types of sinuses on computed tomography

Parameter Sinus

Ethmoid Sphenoid Frontal Maxillary

Stroke group 
(n = 95)

Controls 
(n = 34)

Stroke group  
(n = 95)

Controls 
(n = 34)

Stroke group 
(n = 95)

Controls 
(n = 34)

Stroke group 
(n = 95)

Controls 
(n = 34)

Severity of inflammatory 
lesions in the sinuses 
according to the 
Lund–Mackay score, points

6 4 1 0 0 0 0 0 0

5 2 0 0 0 0 0 0 0

4 22 4 0 0 0 0 0 0

3 1 1 1 0 0 0 2 0

2 26 9 19 1 28 2 25 7

1 16 0 17 8 16 8 28 13

Patients with lesions of any severity 
in particular sinuses, n (%)

71 (74.7)a 15 (44.1) 37 (38.9) 9 (26.5) 44 (46.3) 10 (29.4) 55 (58) 20 (58.8)

P value for comparison between 
the groups

0.001 0.19 0.08 0.93

Patients with lesions in particular 
sinuses with a Lund–Mackay score 
of 4–6, n (%) of all patients with 
lesions in a particular sinus

28 (39.4) 5 (33.3) 0 0 0 0 0 0

Patients with lesions in particular 
sinuses with a Lund–Mackay score 
of 1 to 3, n (%) of all patients with 
lesions in a particular sinus

43 (60.6) 10 (66.6) 37 (100) 9 (100) 44 (100) 10 (100) 55 (100) 20 (100)

a P <0.001 for ethmoid vs sphenoid sinuses; P = 0.001 for ethmoid vs frontal sinuses; P = 0.01 for ethmoid vs maxillary sinuses in the stroke group
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conclusions Moderate and severe chronic in‑
flammatory lesions in the sinuses, especially in 
the ethmoid sinuses, are commonly seen in pa‑
tients with stroke, which highlights the role of lo‑
cal inflammation in inducing acute cerebral isch‑
emia. Our findings justify the recommendation 
to pay particular attention to paranasal sinuses 
in patients who have sustained or are at risk of 
ischemic stroke. When moderate or severe CRS 
is diagnosed in those patients, high ‑dose medi‑
cal therapy or interventional treatment should 
be initiated as early as possible to prevent stroke 
and related complications. In the future, further 
studies should be carried out to assess the po‑
tential impact of CRS on the course of the acute 
phase of stroke, the effect of therapy, and the de‑
gree of poststroke disability.
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such as rheumatoid arthritis, systemic lupus ery‑
thematosus, systemic sclerosis, and psoriasis on 
the cardiovascular system are known.26-28 The in‑
flammatory cytokines involved in CRS, such as 
C ‑reactive protein and interleukin 1 or interleu‑
kin 17, have also been speculated to play a role in 
the development of stroke.29,30 Interleukin 1 may 
result in perivascular inflammation and progres‑
sion of internal carotid artery thrombosis. Inter‑
leukin 17, particularly in combination with tumor 
necrosis factor α, has a proinflammatory, proco‑
agulant, and prothrombotic effect on blood ves‑
sels.31 The activity of proinflammatory cytokines 
causes endotheliopathy, which leads to the ad‑
verse modulation of cerebral flow and nerve tis‑
sue perfusion parameters. Thrombi, aneurysms, 
and wall rupture accompanied by local hemor‑
rhage occur at the diseased vessel wall.

Platelets can be directly activated by bacteri‑
al antigens or activated leukocytes.32 Bacterial 
lipopolysaccharides (acute infection with gram‑
‑negative bacteria) may induce stroke in rats with 
existing risk factors (old age, AH, and diabetes).33 
Of note, rich bacterial flora is present in the si‑
nuses, and gram ‑negative bacteria are more com‑
mon in patients over 65 years of age, which was 
observed in our previous studies.34 In this popula‑
tion, comorbidities such as AH and diabetes occur 
more frequently. In our study, larger inflammato‑
ry lesions in the sinuses were observed in older 
patients with stroke, whereas Lee et al15 demon‑
strated that the risk of stroke was greater in pa‑
tients with CRS under 60 years of age.

Previous reports (retrospective cohort studies) 
on the relationship between CRS and the occur‑
rence of stroke (ischemic or hemorrhagic) were 
carried out following a different methodological 
approach.13,15,35 Rhinosinusitis was diagnosed 
based on ICD ‑10 codes. Objective imaging find‑
ings or subjective scores for the assessment of 
inflammation were not analyzed. Nevertheless, 
the results of such analyses confirmed that CRS 
is a relevant risk factor for stroke.

Patients diagnosed with CRS often use drugs 
that reduce nasal congestion, which affects blood 
pressure and heart rate and can further contrib‑
ute to the onset of stroke. In addition, the fre‑
quent use of systemic and local steroids is also 
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