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The incidence of medium vessel 
occlusions: a population-based 
study
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Introduction: The incidence of medium vessel occlusion (MeVO) is not well 
known. The objective of our study is to perform a population-based assessment 
to estimate the incidence of MeVOs.

Methods: Consecutive patients from Olmsted County, Minnesota who presented 
for acute ischemic stroke seen at Mayo Clinic Hospital from 1/1/2018 to 
12/31/2020 who were found to have a MeVO were included in this study. MeVO 
was defined as occlusion at or beyond the level of the middle cerebral artery 
M2 segment, anterior cerebral artery A2 segment, posterior cerebral artery P1 
segment, and cerebellar arteries. Census data for Olmsted County was obtained 
from the United States Census Bureau from the year 2020.

Results: A total of 1,718 patients were screened for the study, 77 patients fulfilled 
inclusion criteria to be included in the study. Presenting NIHSS was 9 (± 7). The 
population of Olmsted County was estimated to be 162,847. The incidence rate 
for MeVO was 16 cases (95% CI 12–19) per 100,000 people per year. Based on 
estimates of the US population in 2020 of 331,449,281 people, we estimate there 
are 52,236 (95% CI 40,635-64,002) new cases of MeVOs per year.

Conclusion: As the only stroke center in Olmsted County, we have been able 
to estimate the incidence of ischemic stroke due to MeVO. While the incidence 
of MeVOs is less than both large and small vessel occlusions, they still represent 
a significant proportion of strokes with significant morbidity and mortality that 
would benefit from further studies in both acute intervention and prevention.
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Introduction

Stroke is a leading cause of morbidity and mortality in the United States affecting more than 
795,000 individuals per year. Of all strokes, 87% are ischemic in nature (1). Stroke mechanism 
is paramount in identifying strategies for acute stroke intervention and long term prevention. 
While mechanisms such as small vessel and large vessel occlusion (LVO) has been extensively 
studied, medium vessel occlusion (MeVO) has been less so.

MeVOs are defined as occlusions that are beyond the traditionally defined LVOs and 
encompass the distal middle cerebral artery (MCA) branches, distal anterior cerebral artery 
(ACA) branches, posterior cerebral arteries (PCA), and cerebellar arteries. Historically, these 
occlusions have been thought to be associated with less severe clinical presentations and were 
not emphasized in the landmark large vessel occlusion thrombectomy trials. Further studies 

OPEN ACCESS

EDITED BY

Tae-Hee Cho,  
Hospices Civils de Lyon, France

REVIEWED BY

Benoît Ho-Tin-Noé,  
Institut National de la Santé et de la Recherche 
Médicale (INSERM), France  
Bernard Chan,  
National University Hospital, Singapore  
Huaizhang Shi,  
First Affiliated Hospital of Harbin Medical 
University, China

*CORRESPONDENCE

Michael Liu  
 Liu.michael1@mayo.edu

RECEIVED 18 May 2023
ACCEPTED 10 July 2023
PUBLISHED 27 July 2023

CITATION

Liu M, Nasr D and Brinjikji W (2023) The 
incidence of medium vessel occlusions: a 
population-based study.
Front. Neurol. 14:1225066.
doi: 10.3389/fneur.2023.1225066

COPYRIGHT

© 2023 Liu, Nasr and Brinjikji. This is an open-
access article distributed under the terms of 
the Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction 
in other forums is permitted, provided the 
original author(s) and the copyright owner(s) 
are credited and that the original publication in 
this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted which 
does not comply with these terms.

TYPE Original Research
PUBLISHED 27 July 2023
DOI 10.3389/fneur.2023.1225066

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2023.1225066&domain=pdf&date_stamp=2023-07-27
https://www.frontiersin.org/articles/10.3389/fneur.2023.1225066/full
https://www.frontiersin.org/articles/10.3389/fneur.2023.1225066/full
https://www.frontiersin.org/articles/10.3389/fneur.2023.1225066/full
mailto:Liu.michael1@mayo.edu
https://doi.org/10.3389/fneur.2023.1225066
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2023.1225066


Liu et al. 10.3389/fneur.2023.1225066

Frontiers in Neurology 02 frontiersin.org

have shown that this is not necessarily the case and MeVOs can 
be  associated with significant morbidity and mortality (2–5). 
Intravenous thrombolytics have been shown to be beneficial, but only 
results in recanalization of about one-third to one-half of MeVOs 
when used without endovascular intervention (4, 6, 7). Endovascular 
intervention with mechanical thrombectomy was initially more 
difficult due to the size and often tortuosity of the vessel, increasing 
the risk of complications. However, as endovascular devices have 
improved, appropriately selected patients have been shown to have 
significant benefit with mechanical thrombectomy (2, 6, 8–10).

An integral part of understanding MeVOs includes understanding 
its epidemiology. Epidemiological data regarding incidence of large 
vessel and small vessel occlusions is better described. Data regarding 
the frequency of MeVOs is primarily ascertained from subgroup 
analysis of larger studies and has been estimated to account for 
25–40% of ischemic stroke. It is important to note that these estimates 
are not population based (6, 11–14). There has been few population-
based epidemiological study looking at the frequency of MeVOs to 
date. The objective of our study is to evaluate the incidence of MeVOs 
in a population-based study.

Methods

This is an institutional review board approved retrospective study.

Participants

Consecutive patients >18 years old who presented to Mayo Clinic 
Hospital in Rochester, Minnesota with a diagnosis of acute ischemic 
stroke from 1/1/2018 to 12/31/2020 was screened for this study. Of 
those patients screened, included participants must have an 
angiographically proven MeVO and be a resident of Olmsted County 
at the time of their stroke. MeVO was defined as occlusion at or 
beyond the level of the following vasculature: MCA M2 segment, ACA 
A2 segment, PCA P1 segment, and cerebellar arteries. All angiographic 
images were screened by study personnel. Angiographic techniques 
include computed tomographic angiography (CTA), magnetic 
resonance angiography (MRA), and invasive digital subtraction 
angiography. Demographic and clinical data was obtained from the 
Mayo Clinic electronic health record.

Outcomes

The primary outcome measures are epidemiological measures 
including incidence of MeVO occurrence. Asides from epidemiologic 
data, clinical and functional outcome measures were captured. 
Severity of initial presentation as captured by the presenting national 
institute of health stroke scale (NIHSS) and 90 day modified Rankin 
Score (mRS) were captured and analyzed as outcome measures.

Census data

Mayo Clinic is the only stroke center in Olmsted County and 
captures 100% of acute stroke in the county. Census data for the 

county as well as the country was obtained from the United States 
Census Bureau’s most recent data from the year 2020.

Statistical analysis

Statistical analysis was done with the assistance of SPSS V27 
statistical software (IBM Corporation, Armonk, New  York). 
Comparison between two groups were completed using two-sample 
T-tests for continuous variables and chi-square analysis for categorical 
variables. Logistic regression modeling the effect of various clinical 
factors and clinical outcomes was also performed. Census data for 
Olmsted County as well as the United States was used to determine 
epidemiologic results of interest for this study.

Results

A total of 1,718 patients presented to Mayo Clinic Hospital from 
1/1/2018 to 12/31/2020. A total of 247 patients presented with MeVOs. 
Of those patients, 77 lived in Olmsted County at the time of their 
stroke and were included in the study (Figure 1). Of those patients, the 
average age was 74 years old (± 14 years), 44 (57%) were female, 67 
(87%) were Caucasian, and 55% were former or active smokers. 87% 
of the patients had a diagnosis of hypertension, 90% had a diagnosis 
of hyperlipidemia, and 36% had a diagnosis of diabetes. The average 
presenting NIHSS was 9 (± 7) (Table 1).

Of 77 patients, 36 patients (47%) had an occlusion at the M2 
segment of the MCA, 5 (7%) had an occlusion of the P1 segment 
of the PCA. 1 (1%) patient had bilateral occlusions and 39 (51%) 
patients had right sided occlusions. Fifty patients (65%) had 
anterior circulation occlusions. Please see Table  2 for further 
details regarding the vessel occlusion territories. When 
comparing groups and their presenting mean NIHSS there was 
no significant relationship between anterior or posterior 
circulation (p = 0.684), left sided or right sided occlusion 
(p = 0.600), or more proximal occlusions (P1 and M2 territories) 
(p = 0.668). 12 (16%) patients received thrombolysis and 6 (8%) 
patients received mechanical thrombectomy. Of those who 
received acute therapies, 3 (4%) patients received both 
thrombolysis and mechanical thrombectomy.

90-day mRS was captured in only 35 patients with a median 
mRS of 3 (IQR 1–6). 11 (14%) of patients had died. Good functional 
status as determined by mRS 0–2 was seen in 14 (40%) of 
individuals. By logistic regression, elevated admission NIHSS (OR 
1.18, CI 95% 1.04–1.345, p = 0.01) was significantly associated with 
poor functional outcome. Laterality (OR 0.75, CI 95% 0.19–2.96 
p = 0.682), anterior vs. posterior (OR 0.533, CI 95% 0.13–2.21, 
p = 0.386), more proximal occlusions (P1 and M2 territories) (OR 
0.563, CI 95% 0.14–2.21, p = 0.409), thrombolysis (OR 0.563, CI 
95% 0.13–2.48, p = 0.447), and thrombectomy (OR 1.00, CI 95% 
0.15–6.91, p = 1.00) were all not associated with good 
functional status.

The 2020 United States Census data showed that the population 
of Olmsted County was 162,847 individuals. With the 77 MeVOs 
captured over 3 years, the incidence was calculated to be 16 cases 
(95% CI 12–19) per 100,000 people per year. The incidence of 
anterior circulation MeVOs was calculated to be 10 cases (95% CI 
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7–13) per 100,000 people per year and for posterior circulation 
MeVOs, 6 cases (95% CI 3–8) per 100,000 people per year. Using 
census data, the population of the United States has been estimated 
331,449,281 individuals. Extrapolating our data yields an estimated 
of 52,236 (95% CI 40,635-64,002) MeVOs in the United States per 
year (Table 3).

Discussion

Our study was aimed at understanding the epidemiology of 
MeVOs. Mayo Clinic in Rochester, Minnesota is in the unique 
position of being the only stroke center in Olmsted County, and 
we have been able to leverage these circumstances to provide a 
population estimate regarding the incidence of MeVOs. The rate 
of MeVOs has been found to be 16 cases (95% CI 12–19) per 
100,000 people per year leading to 52,236 cases (95% CI 40,635–
64,002) nationally per year. This is considerably greater than 
other estimates of only M2 occlusion which has been estimated 
to occur at a rate of 7 cases (95% CI 5–9) per 100,000 people per 
year (12). Our data is overall similar to recently published 
epidemiologic data from a different population which estimated 
the incidence of MeVOs to be  20 (95% CI 14–29) (15). The 
incidence is still considerably lower than large vessel occlusion 
which has been estimated at a rate of 24 cases (95% CI 20–28) per 
100,000 people per year and also lacunar stroke which has wide 
estimates between 33 cases (95% CI 30–36) and 52 cases (95% CI 
36–68) (16–18).

Patients suffering from MeVOs in this cohort showed significant 
presenting symptoms with an average NIHSS of 9 (± 7). Assessing for 
significant differences based on location of the occlusion did not show 
significant variation of presenting severity. Significant morbidity and 

TABLE 1 Baseline characteristics of the study population.

Baseline characteristics Patient cohort (N  =  77)

Age, mean (SD) 74 (14)

Female, n (%) 44 (57)

Caucasian, n (%) 67 (87)

Smoking

Active, n (%) 13 (17)

Former, n (%) 29 (38)

Hypertension, n (%) 67 (87)

Hyperlipidemia, n (%) 69 (90)

Diabetes, n (%) 28 (36)

Presenting NIHSS, mean (SD) 9 (7)

Anterior circulation, n (%) 50 (65)

Laterality: right, left, bilateral, n (%) 39 (51), 37 (48), 1 (1)

Proximal MeVO (M2 or P1), n (%) 41 (53)

FIGURE 1

Patient selection flowsheet.

TABLE 2 Medium vessel occlusion territories.

Left MCA M2, n (%) 19 (25)

Left MCA M3, n (%) 6 (8)

Left PCA P1, n (%) 4 (5)

Left PCA P2, n (%) 3 (4)

Left PCA P3, n (%) 3 (4)

Left PICA, n (%) 2 (3)

Right ACA A2, n (%) 2 (3)

Right AICA, n (%) 3 (4)

Right MCA M2, n (%) 17 (22)

Right MCA M3, n (%) 4 (5)

Right MCA M3, Left ACA A3, n (%) 1 (1)

Right MCA M4, n (%) 1 (1)

Right PCA P1, n (%) 1 (1)

Right PCA P2, n (%) 5 (7)

Right PCA P4, n (%) 1 (1)

Right PICA, n (%) 5 (7)

ACA, Anterior Cerebral Artery; AICA, Anterior Inferior Cerebellar Artery; MCA,  
Middle Cerebral Artery; PCA, Posterior Cerebral Artery; PICA, Posterior Inferior Cerebellar 
Artery.
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mortality were also noted with a median mRS of 3 (IQR 1–6) and a 
14% mortality rate in this cohort. This severity is in accordance with 
the literature that has reported (10). The severity coupled with the 
relatively high incidence rate makes it clear that MeVOs play a 
significant role in stroke morbidity and mortality and more research 
is needed in terms of management in both acute and 
preventative phases.

Limitations of this study includes the generalizability of the study. 
Olmsted County is predominantly Caucasian as reflected in our data 
set and does not account for the often-higher rates of stroke that has 
been documented in other ethnic groups. Median household income 
was also higher in Olmsted County ($80,403 vs. $67,521) which may 
translate to better access to healthcare. Geographically, Olmsted 
county is not located in the “stroke belt” which historically has seen 
higher rates of stroke. As a result, as we extrapolate our regional data 
to national data, our findings may underestimate the true incidence 
of MeVOs. Not all patients received intracranial angiographic imaging 
at the time of admission due to expert opinion and often times in favor 
of other imaging modalities such as a carotid ultrasound. This 
included 312 (18%) of our cohort and would again also possibly lead 
to an underestimate of the true incidence in our study. Population 
based estimates from other centers would yield a more diverse 
population and when pooled would yield a more accurate estimate. 
Outcome measures were not the primary focus of the study and is 
limited by the small cohort and retrospective nature of this study. The 
variability in definition of MeVO among the literature also presents 
a limitation.

Conclusion

As the only stroke center in Olmsted County, we  are able to 
provide a population-based estimate of the incidence rate of MeVOs. 
While the incidence is less than large and small vessel occlusions, 
we conclude that MeVOs still play a large role as a stroke mechanism 
both in terms of their incidence and severity. Further studies are 
required to understand ideal management for these patients.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and 
approved by the Mayo Clinic Institutional Review Board. Written 
informed consent for participation was not required for this study in 
accordance with the national legislation and the 
institutional requirements.

Author contributions

ML and WB conducted data abstraction. All authors contributed 
to hypothesis generation and manuscript preparation.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Saini V, Guada L, Yavagal DR. Global epidemiology of stroke and access to acute 

ischemic stroke interventions. Neurology. (2021) 97:S6–S16. doi: 10.1212/
WNL.0000000000012781

 2. Grossberg JA, Rebello LC, Haussen DC, Bouslama M, Bowen M, Barreira CM, et al. 
Beyond large vessel occlusion strokes. Stroke. (2018) 49:1662–8. doi: 10.1161/
STROKEAHA.118.020567

 3. Mistry EA, Dumont AS. Medium vessel occlusion and acute ischemic stroke: a call 
for treatment paradigm reappraisal. Stroke. (2020) 51:3200–2. doi: 10.1161/
STROKEAHA.120.032357

 4. Ospel JM, Menon BK, Demchuk AM, Almekhlafi MA, Kashani N, Mayank A, et al. 
Clinical course of acute ischemic stroke due to medium vessel occlusion with and 
without intravenous Alteplase treatment. Stroke. (2020) 51:3232–40. doi: 10.1161/
STROKEAHA.120.030227

 5. Pérez-García C, Moreu M, Rosati S, Simal P, Egido JA, Gomez-Escalonilla C, et al. 
Mechanical thrombectomy in medium vessel occlusions. Stroke. (2020) 51:3224–31. doi: 
10.1161/STROKEAHA.120.030815

 6. Saver JL, Chapot R, Agid R, Hassan AE, Jadhav AP, Liebeskind DS, et al. 
Thrombectomy for distal, medium vessel occlusions. Stroke. (2020) 51:2872–84. doi: 
10.1161/STROKEAHA.120.028956

 7. Seners P, Turc G, Maïer B, Mas JL, Oppenheim C, Baron JC. Incidence and 
predictors of early recanalization after intravenous thrombolysis: a systematic review 
and meta-analysis. Stroke. (2016) 47:2409–12. doi: 10.1161/STROKEAHA.116.014181

 8. Guenego A, Mine B, Bonnet T, Elens S, Vazquez Suarez J, Jodaitis L, et al. 
Thrombectomy for distal medium vessel occlusion with a new generation of 
Stentretriever (Tigertriever 13). Interv Neuroradiol. (2022) 28:444–54. doi: 
10.1177/15910199211039926

TABLE 3 Incidence of medium vessel occlusion.

3-year cumulative acute ischemic strokes presenting to 

Mayo Clinic Hospital, n

1,718

3-year cumulative medium vessel occlusions presenting 

to Mayo Clinic Hospital, n

247

3-year cumulative medium vessel occlusions presenting 

to Mayo Clinic Hospital who live in Olmsted County, n

77

Incidence of medium vessel occlusions, cases per 

100,000 per year (SD)

16 (12–19)

Incidence of anterior distribution medium vessel 

occlusions, cases per 100,000 per year (SD)

10 (7–13)

Incidence of posterior distribution medium vessel 

occlusions, cases per 100,000 per year (SD)

6 (3–8)

Estimated number of medium vessel occlusions in the 

United States per year

52,236 (40,635–64,002)

https://doi.org/10.3389/fneur.2023.1225066
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1212/WNL.0000000000012781
https://doi.org/10.1212/WNL.0000000000012781
https://doi.org/10.1161/STROKEAHA.118.020567
https://doi.org/10.1161/STROKEAHA.118.020567
https://doi.org/10.1161/STROKEAHA.120.032357
https://doi.org/10.1161/STROKEAHA.120.032357
https://doi.org/10.1161/STROKEAHA.120.030227
https://doi.org/10.1161/STROKEAHA.120.030227
https://doi.org/10.1161/STROKEAHA.120.030815
https://doi.org/10.1161/STROKEAHA.120.028956
https://doi.org/10.1161/STROKEAHA.116.014181
https://doi.org/10.1177/15910199211039926


Liu et al. 10.3389/fneur.2023.1225066

Frontiers in Neurology 05 frontiersin.org

 9. Meyer L, Stracke CP, Jungi N, Wallocha M, Broocks G, Sporns PB, et al. 
Thrombectomy for primary distal posterior cerebral artery occlusion stroke: the 
TOPMOST study. JAMA Neurol. (2021) 78:434–44. doi: 10.1001/jamaneurol. 
2021.0001

 10. Ospel JM, Goyal M. A review of endovascular treatment for medium vessel 
occlusion stroke. J Neurointerv Surg. (2021) 13:623–30. doi: 10.1136/
neurintsurg-2021-017321

 11. Heldner MR, Hsieh K, Broeg-Morvay A, Mordasini P, Bühlmann M, Jung S, et al. 
Clinical prediction of large vessel occlusion in anterior circulation stroke: mission 
impossible? J Neurol. (2016) 263:1633–40. doi: 10.1007/s00415-016-8180-6

 12. Rai AT, Domico JR, Buseman C, Tarabishy AR, Fulks D, Lucke-Wold N, et al. A 
population-based incidence of M2 strokes indicates potential expansion of large vessel 
occlusions amenable to endovascular therapy. J Neurointerv Surg. (2018) 10:510–5. doi: 
10.1136/neurintsurg-2017-013371

 13. Smith WS, Lev MH, English JD, Camargo EC, Chou M, Johnston SC, et al. 
Significance of large vessel intracranial occlusion causing acute ischemic stroke and TIA. 
Stroke. (2009) 40:3834–40. doi: 10.1161/STROKEAHA.109.561787

 14. Zhao H, Coote S, Pesavento L, Churilov L, Dewey HM, Davis SM, et al. Large 
vessel occlusion scales increase delivery to endovascular centers without excessive harm 
from misclassifications. Stroke. (2017) 48:568–73. doi: 10.1161/STROKEAHA.116.016056

 15. Rai AT, Link PS, Domico JR. Updated estimates of large and medium vessel 
strokes, mechanical thrombectomy trends, and future projections indicate a relative 
flattening of the growth curve but highlight opportunities for expanding endovascular 
stroke care. J Neurointerv Surg. (2022). doi: 10.1136/jnis-2022-019777

 16. Rai AT, Seldon AE, Boo SH, Link PS, Domico JR, Tarabishy AR, et al. A 
population-based incidence of acute large vessel occlusions and thrombectomy eligible 
patients indicates significant potential for growth of endovascular stroke therapy in the 
USA. J Neurointerv Surg. (2017) 9:722–6. doi: 10.1136/neurintsurg-2016-012515

 17. Sacco S, Marini C, Totaro R, Russo T, Cerone D, Carolei A. A population-based 
study of the incidence and prognosis of lacunar stroke. Neurology. (2006) 66:1335–8. 
doi: 10.1212/01.wnl.0000210457.89798.0e

 18. Woo D, Gebel J, Miller R, Kothari R, Brott T, Khoury J, et al. Incidence rates of 
first-ever ischemic stroke subtypes among blacks: a population-based study. Stroke. 
(1999) 30:2517–22. doi: 10.1161/01.STR.30.12.2517

https://doi.org/10.3389/fneur.2023.1225066
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1001/jamaneurol.2021.0001
https://doi.org/10.1001/jamaneurol.2021.0001
https://doi.org/10.1136/neurintsurg-2021-017321
https://doi.org/10.1136/neurintsurg-2021-017321
https://doi.org/10.1007/s00415-016-8180-6
https://doi.org/10.1136/neurintsurg-2017-013371
https://doi.org/10.1161/STROKEAHA.109.561787
https://doi.org/10.1161/STROKEAHA.116.016056
https://doi.org/10.1136/jnis-2022-019777
https://doi.org/10.1136/neurintsurg-2016-012515
https://doi.org/10.1212/01.wnl.0000210457.89798.0e
https://doi.org/10.1161/01.STR.30.12.2517

	The incidence of medium vessel occlusions: a population-based study
	Introduction
	Methods
	Participants
	Outcomes
	Census data
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note

	References

