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Introduction: Determining the prevalence of large vessel occlusions (LVOs) is
important for planning and accessing mechanical thrombectomy treatment.
Previous estimates vary greatly in studies, which might be related to different
inclusion criteria and/or selection bias. In this cohort study, we aimed to
determine the presence of LVO in an unselected, i.e., untriaged, hospital-based
stroke cohort in Sweden.

Methods: Stroke patients treated at Karolinska Huddinge University Hospital
were consecutively collected during the years 2008 through 2015, identified by
an ICD-10 diagnosis of ischemic stroke (163). Patients with LVO were selected
through radiology reports indicating LVO.

Results: A total of 3,152 consecutive patient events had received a diagnosis of
ischemic stroke during the study period. A total of 356 occlusion events were
found in the internal carotid artery, the first two segments of the middle cerebral
artery (M1, M2), and anterior cerebral artery (A1, A2), the vertebral artery, basilar
artery and the first two segments of the posterior cerebral artery (P1, P2). This
resulted in an LVO prevalence of 11.3% in this cohort. Seventy-six percent of
occlusions were located in the anterior circulation, and 24% in the posterior
circulation. The most frequent occluded vessel was M1 (n = 166, 39%).

Conclusion: In this study of consecutively collected stroke patients the
prevalence of LVO was lower compared to other studies, possibly related to
our unselected patient cohort, limited use of CT angiography, and/or the LVO
definition used. These results are of importance for decision-making regarding
the capacity of comprehensive stroke centers.

KEYWORDS

stroke, ischemic stroke, middle cerebral artery, thrombotic stroke, large vessel
occlusion

Introduction

Large vessel occlusions (LVOs) are occlusions in the proximal arteries of the cerebral
circulation, associated with more severe outcomes compared to stroke patients without LVO
(1, 2). Mechanical thrombectomy, the endovascular removal of the thrombus, is the gold
standard treatment of large vessel occlusions and is typically available in most comprehensive
stroke centers (3). Due to the need for specialized equipment and personnel, this procedure is
available only at selected hospitals. Previous LVO estimations vary widely, ranging between 13
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and 52%, depending on the definition and method, with few estimates
from unselected patients (4, 5). A recent review suggests an LVO
prevalence of 21% in patients with suspected acute ischemic stroke
and an LVO prevalence of 30% in patients with confirmed acute
ischemic stroke (4).

The aim of this study was to determine the prevalence of LVOs in
an unselected hospital-based stroke cohort. A secondary aim was to
determine whether LVO is more prevalent in patients below
65 years of age.

Methods

We designed a hospital-based register on cerebrovascular diseases
based on a standardized protocol including demographic
characteristics, comorbidities, clinical investigation results,
neuroimaging data, complications, and outcome (6). At the time of the
study, the region consisted of six Primary Stroke Centers and one
Comprehensive Stroke Center (Karolinska University Hospital in
Solna). We studied patients admitted to the Primary Stroke Center of
Karolinska University Hospital in Huddinge between 2008 and 2015,
thus before the implementation of the prehospital Stockholm Stroke
Triage System (7). At that time, the hospital had approximately 800
beds, serving an ethnically diverse population of around 250,000
persons. All medical records, including previous and current
medication and laboratory results, are digitalized. This stroke cohort
consists of a consecutive series of patients admitted to the nearest
hospital at symptom onset and with a final main diagnosis of ischemic
stroke (ICD-10: 163) (8).

In total, 3,152 ischemic stroke events were identified in the data
registry between 2008 and 2015. All patients within this cohort had
undergone computed tomography (CT) of the brain. In addition, CT
angiography of the neck and proximal intracranial arteries was
performed in 1547 (49.1%) patients within the acute phase of the
stroke. The prevalence of LVOs within this stroke cohort was derived
from the database by selecting all patient-events with a verified
ischemic stroke diagnosis as the denominator and all events where a
radiology report indicated the presence of an LVO as the numerator.

Neuroradiology reports that matched the following prefixes were
retrieved by exhaustive text search: “dense-” (followed by vessel or
media) or “thromb-” as well as the phrases: “hyperdense” or
“occlusion.” Additional search criteria excluded phrases preceded by
negation. Subsequently, 895 examinations from radiology results were
then evaluated manually by reading the reports. If the same patient
was affected by several events of LVOs demanding acute hospitalization
on different occasions during the included years, these events were
counted as separate LVO events. The same stroke-event could consist
of occlusions in more than one vessel territory (Table 1). To avoid
measurement bias, and in cases where the presence of symptomatic
occlusion was unclear (e.g., high-grade stenosis) the scans were
assessed manually by a neuroradiologist and a stroke neurologist.

Since there is no standardized definition of LVO, results are
presented according to the most frequently used definition, which
includes artery segments commonly targeted during thrombectomy
(4). In the anterior circulation this includes the internal carotid artery
(ICA), the two first segments of the middle cerebral artery (M1, M2),
and the two first segments of the anterior cerebral artery (A1, A2). In
the posterior circulation this includes the vertebral artery (VA), the
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TABLE 1 Occlusion location.

N

Vessel Female sex (n, %)

Anterior 327 (76.4) 156 (47.7)
Al 8(1.9) 5(62.5)
A2 2(0.5) 1(50.0)
ICA 83(19.4) 30 (36.1)
Ml 166 (38.8) 90 (54.2)
M2 68 (15.9) 30 (44.1)

Posterior 191 (23.6) 37 (19.4)
Pl 18 (4.2) 6(33.3)
P2 11 (2.6) 2(18.2)
Vertebral 55(12.9) 23 (41.8)
Basilar 17 (4.0) 6(35.3)

Al, first segment of the anterior cerebral artery; A2, second segment of the anterior cerebral
artery; ICA, internal carotid artery; M1, first segment of middle cerebral artery; M2, second
segment of the middle cerebral artery; P1, first segment of the posterior cerebral artery; P2,

second segment of the posterior cerebral artery.

basilar artery (BA), and the two first segments of the posterior cerebral
P2).
occlusion location.

artery (P1, There were no missing data regarding
Demographics and comorbidities on all included patients were
retrieved from the patient journal and stratified and presented in
order of the most prevalent ICD-10 diagnosis.
The prevalence of LVOs was also investigated on a year-by-year
basis. A trend was calculated by regression analysis.

Statistics

The stroke cohort and the LVO cohort, respectively, were
described with descriptive statistics regarding age, sex and
comorbidities. Occlusion location was presented with number and
frequency (n, %). Linear regression was used for the trend of
prevalence during the study years. Chi-square test was used for
determining association with LVO within age groups, with a
pre-specified significance limit of p < 0.05. Analysis was performed in
R-studio v. 2021.09.0.

Results

In total, 3,152 patient-events received an ischemic stroke
diagnosis, and 356 (11.3%) LVO events were identified.

Linear regression analysis of the annual prevalence, showed a
significantly increasing trend of LVO events identified, with
approximately 4.4 additional LVO events per year (p < 0.05***).

Seventy-six percent of the occlusions were located in the anterior
circulation, 24% in the posterior circulation. The most frequent
occluded vessel was M1 (n = 166; 39%); see Table 1.

Within the LVO cohort, 156 (45%) patients were females and
median age was [age (IQR)] 73 [65-83]. Female stroke patients
presented with LVOs later in life than male patients [78 (67-84) years
vs. 69 (62-79); p < 0.05***]. The most common comorbidities for LVO
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patients were hypertension (n =196, 57%), followed by atrial
fibrillation (n =122, 35%), diabetes mellitus (n =73, 21%) and
hypercholesterolemia (n = 65, 19%), see Table 2. Men had a higher
prevalence of comorbidities in both the LVO cohort and the overall
stroke population, except for atrial fibrillation, which was more
common among women in the stroke group. There was no difference
between the prevalence of LVO within ages below 65 (N = 94, 27.3%)
and ages 65 and above (N = 685, 22.9%), p = 0.05. Figure 1 and Table 3
show the sex distribution and median age of LVO events.

Discussion

In this study, we aimed to determine the LVO prevalence in an
unselected hospital-based ischemic stroke cohort, as well as whether
patients of working age (<65 years) had more LVOs compared to older
ages. We found an LVO prevalence of 11.3% in the ischemic stroke
cohort, mainly located in the anterior circulation (76%), increasing
with approximately 4.4 additional LVO events per year. Patients aged
<65 years did not have more LVOs compared to older ages.

The LVO prevalence in this study aligns with a study reporting an
LVO incidence of 11.1%, or 24 per 100,000, and a review article
presenting a conservative estimation of LVO prevalence to 10-20% of
all ischemic strokes (9, 10). However, our LVO prevalence is lower
than those found in other studies, using the same broad LVO
definition (23-52%) (11-16). The reason for this discrepancy might
be related to differences in patient selection and methods, particularly
the limited use of CT angiography in our study. Additionally, most
studies introduced patient selection using pre-specified time
constraints (12-15) or included patients referred from other hospitals
(11). Furthermore, comorbidities may differ between stroke
populations and affect the prevalence of LVO. In Sweden, the
increasing use of direct oral anticoagulants as a prophylactic treatment

10.3389/fneur.2025.1549537

for atrial fibrillation resulted in a decline in atrial fibrillation-related
strokes between 2010 and 2020 (17).

Although LVO prevalence was low, we observed an increasing
trend of LVO events per year, despite overall stable stroke rates,
which could suggest increased detection. In relation to our lower
LVO prevalence and limited use of CT angiography, more efficient
and affordable examinations guide the clinical practice towards
enhanced LVO detection (16). Moreover, estimations of LVO rates
based on large stroke registries predicts rapidly increasing LVO
incidences in the coming years, mostly driven by an aging population
(18, 19).
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FIGURE 1
Sex distribution and median age of LVO events, with total number of
ischemic stroke events per year.

TABLE 2 Comorbidities with sex distribution in LVO cohort and total stroke cohort.

Comorbidities

LVO patients

All stroke patients

Female sex, n (%)

Female sex, n (%)

Hypertension 196 (57) 88 (45) 1736 (58) 801 (46)
Atrial fibrillation 122 (35) 60 (49) 890 (30) 470 (53)
Diabetes 73 (21) 27 (37) 641 (21) 275 (43)
Hypercholesterolemia 65 (19) 23 (35) 498 (17) 211 (42)

LVO, large vessel occlusion.

TABLE 3 Prevalence of large vessel occlusions per year.

Year Nevents/ N (%) Female sex, n (%) Age (median [IQR]) Age < 65 years, n (%)
2008 29/373 (7.8) 12 (41.4) 73.50 [69.00-78.25] 6(21.4)
2009 31/400 (7.8) 12 (38.7) 74.00 [65.00-79.00] 7 (22.6)
2010 37/401 (9.2) 20 (54.1) 68.00 [61.00-79.00] 12(33.3)
2011 47/438 (10.7) 20 (42.6) 71.00 [57.25-80.00] 15 (32.6)
2012 46/350 (13.1) 22(47.8) 70.00 [60.50-80.00] 13 (30.2)
2013 54/423 (12.8) 25 (46.3) 67.00 [59.00-81.50] 23 (43.4)
2014 52/384 (13.5) 24 (46.2) 75.00 [67.00-83.25] 10 (20.4)
2015 60/383 (15.7) 27 (45.0) 77.50 [68.00-83.00] 8 (14.0)
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The sex distribution of LVO locations in this study differs most in
terms of anterior vs. posterior occlusions. In our sample, men had four
times as many occlusions in the posterior circulation, in particular P1,
P2 and basilar occlusions. While some studies suggest a higher
proportion of posterior occlusions in men (20-23), others do not
support this association (24, 25). Posterior occlusion strokes were seen
to be associated with large artery atherosclerosis, compared to anterior
circulation stroke where cardioembolism are more frequent (26).
Amongst comorbidities, men were more prevalent in diabetes,
hypercholesterolemia and hypertension in the LVO cohort. However,
atrial fibrillation rates between sexes were similar. Interestingly, in the
anterior circulation, women had slightly more M1 occlusions than
men, as previously described (27, 28).

Stroke patients of working age risk permanent or long-term
disability and potential economic loss from work, which in turn affects
many aspects of their individual lives and society. We did not detect
any statistically significant difference in prevalence rates of patients
with LVO below vs. above the age of 65. Although LVO in young is
expected to present less frequently as it is linked to vascular risk
factors seen to increase with age, estimates of ischemic stroke rates in
younger ages are on the rise (29) with an LVO prevalence of 18% in
young ischemic stroke patients (aged 18-50 years) (30). Furthermore,
although sex disparities are seen to diminish within the Swedish
stroke population, women still present with stroke later in life
compared to men, which was also confirmed in our cohort (31).

Determining LVO is important as it can inform decisions on
access to reperfusion treatment. In Sweden, until recently, there was
no nationwide registry reporting the number of LVOs in stroke
patients. For reference, our LVO prevalence aligns with recent data on
thrombectomy-treated patients in this region, that is 10% of all
ischemic stroke (8% nationwide) (32). Notably, thrombectomy rates
do not fully correspond to LVO prevalence. On one hand, procedures
are sometimes performed on more distal segments of the cerebral
vessels than those included in this study. On the other hand, in a
clinical setting, some patients’ LVOs are left undetected, some have
limited access to mechanical thrombectomy or are excluded from
treatment due to other reasons, and some are successfully treated
solely with intravenous thrombolysis.

Limitations

The identification of LVOs in this study was determined by
radiological assessment. Consequently, there might have been
radiological reports where the key words were not used in which these
cases might have been involuntarily excluded. In addition, half of the
patients did not undergo CT angiography in the acute stage, based on
clinical presentation and/or age or other contraindications. There is a
possibility that there were unidentified LVOs in these patients as well.

Conclusion

In this study of consecutively collected stroke patients the prevalence
of LVO, 11.3%, was lower compared to other studies, although in line
with recent thrombectomy rates in the region. Determining the
prevalence of LVO is useful for guiding decisions regarding
thrombectomy access and other aspects of stroke care planning.
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