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Abstract

Posterior circulation (PC) ischemic stroke accounts for approximately a fourth of all acute ischemic strokes and is associ-
ated with high disability and mortality. Rapid diagnosis and management can be challenging as it often presents with non-
specific signs and symptoms. We performed a systematic review and meta-analysis to describe the prevalence of signs and
symptoms in PC ischemic stroke. Two databases (PubMed and EMBASE) were searched for English-written observational
studies reporting data on signs and symptoms in patients with a diagnosis of PC ischemic stroke. Data were extracted by
two independent researchers. We assessed the risk of bias (RoB) and calculated the pooled prevalence and 95% confidence
intervals (CI) using random effect models. We performed subgroup analyses according to type of diagnosis (clinical vs imag-
ing) and location of lesion (cerebellar vs other) in each study. Twenty-eight studies involving three thousand four hundred
sixty-two patients were included in the study. RoB was mainly medium/low; in 18/28 studies, diagnosis was performed on
imaging. The most common signs were limb weakness (48%; 95% CI 39-58%) and dysarthria (48%; 95% CI 37-59%),
while the least frequent was hemianopia (15%; 95% CI 7-25%). The most common symptoms were vertigo/dizziness (41%;
95% CI 30-52%) and nausea/vomiting (41%; 95% CI 32-50%), while the least frequent was diplopia (9%; 95% CI 6—13%).
In patients with cerebellar stroke, the most frequent sign was gait ataxia (70%; 95% CI 56-82%), and the most common
symptom was vertigo (50%; 95% CI 32-68%). In acute patients with PC ischemic stroke, gait ataxia, vertigo/dizziness, limb
weakness, and dysarthria were the most frequent presentations. Our results may inform clinicians and help to refine stroke
scales, improving early recognition of PC ischemic stroke in the acute setting.
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Introduction

Posterior circulation (PC) ischemic stroke accounts for up to

a quarter of all ischemic strokes and is associated with high

stroke recurrence, disability, and mortality [1-5].
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visual field deficits to consciousness disturbances [12].
Furthermore, the National Institutes of Health Stroke
Scale (NIHSS) is weighted towards symptoms and signs
in the anterior circulation; common clinical presentations
of the posterior circulation are not tested, with a risk of
underestimating stroke severity and withholding therapy
[2, 13, 14]. Consequently, PC ischemic stroke patients
with low NIHSS scores have more frequently disability
at 3 months than anterior circulation stroke patients [14].
Specific PC stroke scores have been proposed to address
these clinical issues, and studies in diverse clinical settings
have tried to identify the most prevalent clinical presenta-
tion of posterior strokes, with conflicting results. However,
such scores have not yet become part of routine clinical
evaluation [15-17]. Identification of most frequent signs
and symptoms of PC ischemic stroke may be of interest to
address the issues in the assessment of these scores.

To provide summary estimates of presenting signs and
symptoms of PC ischemic stroke, we performed a system-
atic review and meta-analysis.

Materials and methods
Study search strategy

This study was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses guidelines [18]. Data search, extraction, analysis, and
interpretation were performed following a pre-specified
study protocol developed by the investigators (not regis-
tered or published). The literature search was performed
using two medical electronic databases (PubMed and
EMBASE). There were no time limitations in the biblio-
graphic research regarding the past, while the most recent
limit was identified as the year 2024.

Selection criteria

We considered the studies with the following characteris-
tics as eligible: 1) patients with diagnosis of PC ischemic
stroke; 2) at least 20 patients included in the analysis; 3)
English-written articles; 4) reporting of clinical presenta-
tion (signs/symptoms). We used RAYYAN Software to
remove duplicates. Abstracts, case reports, conference
presentations, reviews, editorials, and expert opinions
were also excluded. Two authors (SS and DC) evaluated
the articles independently; a third experienced author (FA)
resolved the conflicts. The selected studies were double-
checked by all assessors to ensure a common agreement
about article selection.
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Data extraction and criteria appraisal

Two independent authors (DC and SS) independently
extracted raw data from each included article. The fol-
lowing data were extracted: 1) year of the study; 2) study
design and duration; 3) study country; 4) sample size; 5)
demographic data of patients (mean age); 6) stroke etiol-
ogy; 7) presence of vascular occlusion; 8) infarct location;
9) imaging technique used to confirm clinical diagnosis.
Raw data were extracted and summarized. The reference
lists of all included articles were reviewed to identify fur-
ther potentially relevant studies. All symptoms and signs
mentioned by at least one article were extracted. Follow-
ing extraction, symptoms and signs that were described
slightly differently (e.g., dizziness vs. vertigo) across
articles were unified for clarity (e.g., vertigo/dizziness).
Discrepancies among signs and symptoms adjudication
between the two reviewers were resolved by discussion
and consensus with a third author (FA). Eventually, we
extracted raw pooled data on a total of nine signs (limb
weakness, altered level of consciousness, dysarthria, nys-
tagmus, facial nerve palsy, gait ataxia, hemianopia, dys-
phagia, limb ataxia) and five symptoms (vertigo, nausea/
vomiting, hypoesthesia, headache, diplopia).

Risk of bias and quality assessment

Risk of bias and quality assessment of all included clini-
cal studies were based on an adaptation of a pre-existing
tool (see Supplementary materials) [19]. The assessment
was performed independently by two authors (SS and DC).
Any discrepancy was solved by consensus. The articles were
considered as having a high, moderate, or low risk of bias.

Statistical analysis

Data were pooled in the meta-analysis when at least three
studies had available data on prevalence of any sign/symp-
tom. In all analyses, we used a Generic Inverse Variance
approach on Freeman—-Tukey double arcsine transformed
proportions with a random effects model with DerSimo-
nian—Laird weights. The pooled prevalence and corre-
sponding 95% confidence intervals (CIs) were provided.
Statistical heterogeneity was assessed with 12 statistics and
visual inspection of forest plots. Values of <25%, 25% to
50%, and > 50% were defined as low, moderate, and high
degrees of heterogeneity, respectively. Publication bias
was assessed by visual inspection of funnel plots and using
Egger’s test. All the analyses were performed in February
2025 using the meta-analysis software Stata 18.0.
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Results

The initial study search resulted in 4459 studies. After
removing duplicates (N=1526) and title and abstract screen-
ing (N=3890), we selected 44 articles for full-text read-
ing. We excluded 16 articles for topic differences (n=5),
language other than English (n=4), full-text unavailable
(n=1), and insufficient data or small sample size (n=06),
leaving 28 studies and 3462 patients for the final analysis.
The study selection is illustrated in Fig. 1.

The general characteristics of the included studies are
summarized in Supplemental Table 1. All studies were
observational; 20 had a retrospective design [6, 17, 20-37],
6 were prospective [38—43], and 2 were both retrospective
and prospective [44, 45]. Included studies were published

between 1990 and 2023 and were from Europe (4 studies)
[20, 27, 34, 37], America (2 studies) [6, 21], both America
and Europe (1 study) [29], Asia (17 studies) [22-26, 28,
31-33, 35, 36, 38-41, 44, 45], Africa (2 studies) [30, 42],
Australia (1 study) [43], and Europe, America and Australia
(1 study) [17]. Ten studies had a low risk of bias [21, 23,
24,217, 38, 40, 42-45], sixteen had a medium risk of bias [6,
17, 20, 22, 25, 26, 28-31, 33-37, 41], and two studies had
a high risk of bias [32, 39] (Supplemental Fig. 1). Patients
were classified as having a PC ischemic stroke on the basis
of clinical findings in 9 studies [6, 17, 21, 24, 25, 29, 34,
40, 45], imaging findings in 18 studies [20, 22, 23, 26-28,
30-33, 35-39, 41-44], and both in 1 study [37]. The follow-
ing diagnostic techniques were applied as reference: cerebral
angiogram in one study [20], computed tomography (CT)
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=]
2
% » Records excluded (n= 3.890)
A
Full text assessed
(n=44)

2 — 3| Fulltext excluded (n=16)
S - Language other than English (4)
20 - Full-text not available (1)
- - Included TIA (3)

- Included anterior and posterior

stroke (1)

- Lack of data (4)

- Isolated vertigo (1)
o - Less than 20 patients (2)
-
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Fig. 1 Flowchart of study selection
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alone in one report [34], and magnetic resonance (MR) in
the remaining studies.

Mean age ranged between 44 and 69 years old, sample
size ranged from 30 to 604 patients. Stroke etiology assess-
ment was present in 19 studies (2621 patients) [17, 22-26,
28, 29, 31-33, 35, 36, 38, 39, 41, 43-45] and was as fol-
lows: cardioembolic in 325 (12%) patients, atherosclerotic
in 820 (31%), small vessel occlusion in 490 (19%), other
causes (e.g., dissection) in 350 (13%), unknown/crypto-
genic in 643 patients (25%). Fourteen studies (N = 644
patients) provided information on vascular occlusion
[20-22, 24-26, 28, 29, 31, 32, 35, 38, 43], which ranged
from 0 to 100%. Seventeen articles (V= 1583 patients)
reported specific information on infarct location (2062
patients) [21-29, 31-33, 38—42], which was as follows:
11% medulla (n=236), 9% pons (n=187), 2% midbrain

(n=40), 2% brainstem (otherwise not specified) (n =48),
and 33% cerebellum (n=658); both brainstem and cer-
ebellum in 33% of patients (n=684), 10% (n=207) in
otherwise not specified posterior territory (n=207).

The pooled prevalence of presenting signs and symp-
toms is shown in Fig. 2A and B (see Supplemental Figs. 2
and 3 for details). The most frequent signs of presenta-
tion were limb weakness (48%; 95% CI 39-58%) and dys-
arthria (48%; 95% CI 37-59%), while the least frequent
was hemianopia (15%; 95% CI 7-25%). Heterogeneity
was high across all reports. The most frequent symptoms
were vertigo/dizziness (41%; 95% CI 30-52%) and nausea/
vomiting (41%; 95% CI 32-50%), whereas diplopia was
the least frequent symptom (9%; 95% CI 6-13%). Similar
to signs analyses, heterogeneity was high, except for the
symptom headache where it was moderate (1> =46%).

A)
Signs N, n Prevalence 95% ClI 12
Limb weakness 9, 1597 B 0.48 [0.39; 0.57] 92.0%
Altered level of Consciousness 8, 1517 —— 0.19 [0.13; 0.25] 86.0%
Dysarthria 8, 1517 —— 0.48 [0.37; 0.59] 94.0%
Nystagmus 6, 1169 — R 0.20 [0.09; 0.31] 95.0%
Facial nerve palsy 6, 839 —i— 0.45 [0.37; 0.53] 81.0%
Gait ataxia 5, 941 M- 0.28 [0.10; 0.46] 97.0%
Hemianopia 5, 1148 —— 0.15 [0.06; 0.24] 93.0%
Dysphagia 4,1136 - 0.19 [0.04; 0.34] 97.0%
Limb ataxia 4, 1060 L 0.41 [0.27; 0.55] 94.0%
T 1 l 1 | |
0 0.1 02 03 04 05 06
Prevalence
B)
Symptoms N, n Prevalence 95% CI 12
Vertigo 10, 1682 —— 0.41 [0.30; 0.52] 95.0%
Nausea/vomiting 6, 691 —— 0.41 [0.32; 0.50] 80.0%
Hypoesthesia 5, 1142 i 0.22 [0.06; 0.38] 97.0%
Headache 5,618 —— 0.20 [0.15; 0.25] 46.0%
Diplopia 6, 1449 — 0.09 [0.06; 0.12] 75.0%
I [ I I [ |
0 0.1 02 03 04 05 06
Prevalence

Fig.2 Prevalence of A signs and B symptoms (cumulative prevalence is shown in forest plots) in posterior circulation ischemic stroke
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Subgroup analysis: clinical vs imaging

Regarding the diagnostic approach (clinical vs imaging-
based diagnosis), dysarthria and vertigo/dizziness were more
frequent in studies where stroke diagnosis was confirmed by
imaging (for dysarthria, clinical 48%; 95% CI 22-74% vs
imaging 54%; 95% CI 43-64%; for vertigo/dizziness, clini-
cal 28%; 95% CI 12-46% vs imaging 51%; 95% CI 39-62%).

For clinical diagnosis alone, the prevalence of diplopia
and facial nerve palsy was similar to the main analysis,
whereas nausea/vomiting was slightly lower (clinical 35%;
95% CI 30-39% vs 41%; 95% CI 32-50% in the main analy-
sis). For imaging-based diagnosis, the prevalence of dyspha-
gia, limb ataxia, nystagmus, altered level of consciousness,
and limb ataxia was comparable to the main analysis.

Subgroup analysis: cerebellar stroke

In patients with cerebellar stroke, the most frequent sign of
presentation was gait ataxia (70%; 95% CI 56-82%), while
the least frequent was dysarthria (30%; 95% CI 13-49%),
which resulted, respectively, in higher (28%; 95% CI
11-48%) and lower (48%; 95% CI 37-59%) rates than those
reported in the main analysis. Regarding symptoms, the
most common was vertigo/dizziness (50%; 95% CI 32—-68%)
and the least frequent was headache (36%; 95% CI 22-52%),
which were, respectively, lower (41%; 95% CI 30-52%) and
higher (20%; 95% CI 15-25%) in the main analysis (see Sup-
plemental Table 2).

Funnel plots were created for each category and sug-
gested the presence of publication bias. However, Egger’s
test did not show any probability of publication bias.

Discussion

In patients with PC ischemic stroke, we analyzed the pooled
prevalence of signs and symptoms and found that limb weak-
ness and dysarthria were the most frequent signs of presenta-
tion, whereas vertigo/dizziness and nausea/vomiting were
the most common symptoms. On the other hand, hemianopia
and diplopia were the least frequent clinical manifestations
of PC ischemic stroke. In patients with isolated cerebellar
stroke, the most frequent presentations were gait ataxia and
vertigo/dizziness.

Clinical presentation of PC ischemic stroke poses relevant
diagnostic challenges to clinicians. It has been shown that
PC ischemic stroke has lower chances of being adequately
treated, given that only 20% of such patients receive reperfu-
sion therapies due to delays and misdiagnosis [46]. A sys-
tematic review reported that the most common misdiagnosed
clinical presentations of stroke in any localization were
nausea/vomiting, vertigo/dizziness, and visual impairment,

which are common clinical presentations in PC stroke [47].
Moreover, the lower specificity of symptoms and signs in
PC ischemic stroke represents a critical issue in the emer-
gency department and in hyperacute stroke management,
and NIHSS has a suboptimal diagnostic accuracy to evalu-
ate PC ischemic stroke severity [48, 49]. Of note, we found
that only two (limb weakness, dysarthria) out of four more
common clinical presentations are represented in the NIHSS
score. Therefore, awareness and information about common
symptoms and signs might help with the identification of PC
ischemic stroke.

We found that limb weakness, together with dysarthria,
was the most frequent sign of presentation, having been
reported in almost half of cases, in line with a previous
study [50]. Although we observed that up to half of the
patients with PC ischemic stroke can present with dysarthria,
this presentation can be present in up to 70% of all stroke
patients [51, 52]. We observed a relatively lower frequency
of hemianopia compared to previous studies which reported
a prevalence of around 30% in patients with occlusion of
the posterior cerebral artery [53]. This may be due to the
inclusion of studies with patients with stroke in locations
other than the occipital lobes. In line with previous reports,
we found that gait ataxia and nystagmus were more frequent
in cerebellar ischemic stroke [54]. On the other hand, the
prevalence of limb ataxia was the same between patients
with cerebellar stroke and those in the general stroke popu-
lation, confirming that gait ataxia and nystagmus are highly
suggestive signs of cerebellar involvement, whereas limb
ataxia is not. Although frequent in PC ischemic stroke, gait
ataxia is not routinely assessed in the NIHSS; we therefore
advocate systematic assessment of gait and truncal ataxia,
particularly when there is suspicion of PC ischemic stroke.
In this regard, scales such as post-NIHSS [17] with assess-
ment of truncal ataxia may be useful in the clinical evalua-
tion of patients with suspected PC ischemic stroke.

Regarding symptoms, we observed a low prevalence of
diplopia, which was present in nearly one out of ten patients
and mainly in studies with only clinical diagnosis of PC
ischemic stroke. We did not have information regarding
diplopia and stroke confirmed by imaging due to the pau-
city of studies specifically reporting diplopia in imaging-
confirmed PC ischemic stroke. A previous study demon-
strated that non-specific terms such as blurred vision were
more likely stroke mimics, suggesting the need of a careful
examination of associated symptoms/signs to increase diag-
nostic accuracy [55]. Again, vertigo/dizziness is a challeng-
ing clinical presentation, being responsible for nearly one
out of ten emergency department admissions and around
20% of neurological referrals in emergency department [56].
A recent systematic review reported that all missed stroke
or transient ischemic attack cases in the emergency depart-
ment had vertigo/dizziness, while false positives (peripheric
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syndromes diagnosed with stroke) were less than 10% [57].
We found that vertigo/dizziness represented the most fre-
quent symptom in patients with cerebellar stroke, although it
was present also in a relevant proportion of all PC ischemic
stroke patients. Early recognition of cerebellar stroke is criti-
cal to prevent life-threatening events such as cerebellar her-
niation, and careful examination with simple clinical tools
of patients with vertigo/dizziness may help to identify such
patients [29, 57-59]. We did not examine signs/symptoms
associated with vertigo/dizziness given extraction issues
from index studies; however, we acknowledge that other
symptoms in combination with vertigo/dizziness might be
useful to identify cerebellar strokes.

We analyzed the prevalence of single signs and symptoms
but were unable to assess the associations with other concur-
rent clinical presentations, which could be of value in clini-
cal practice. Our results may be informative for clinicians
and researchers that aim to develop diagnostic algorithms
for fast triage and identification of suspected PC stroke, pro-
viding estimates of clinical presentation from less to more
common signs/symptoms. In fact, it has been shown that
diagnostic algorithms combining signs and symptoms might
increase the diagnostic accuracy for stroke [57, 59], and a
dedicated neurological triage may improve in-hospital path-
ways of patients with neurological symptoms, supporting the
use of clinical tools with combined sings/symptoms [60]. To
increase sensitivity, such algorithms may incorporate com-
mon clinical presentations, whereas to increase specificity,
they should incorporate less common clinical presentations.
Our subgroup analysis revealed that the prevalence of some
signs/symptoms (altered consciousness, dysarthria, and limb
weakness) had the same prevalence in studies with clini-
cal diagnosis and imaging diagnosis of PC ischemic stroke,
reinforcing the concept that stroke remains a clinical rather
than an imaging diagnosis [62]. Of note, diagnostic errors
with MR brain occur five times more often in PC than ante-
rior circulation stroke [48, 61], highlighting the value of an
accurate clinical examination.

Our study has limitations. First, the retrospective design
for the majority of the included studies may affect the overall
quality of our results. Nonetheless, all but two studies exhib-
ited a low to moderate risk of bias. Our analysis revealed
high statistical heterogeneity for each sign and symptom
tested, likely due to the different designs, different inclu-
sion criteria, geographical regions and diagnostic assess-
ments of index studies, suggesting caution in interpreting
results. Also, differences in stroke etiology may partly
explain the high statistical heterogeneity we found. Moreo-
ver, publication bias and small study effect bias may lead
to some degree of distortion of our prevalence estimates.
Taken together, although our results arise from a systematic
review and meta-analysis, the presence of both clinical and
methodological high heterogeneity for almost all the clinical
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presentations evaluated suggests a downgrading of the grade
of evidence of our analysis. However, we felt that our results
could represent a good trade-off between summarizing exist-
ing data and being prone to risk of bias, and suggest the
need for further studies specifically targeted on revealing
the prevalence of subtle signs of presentation in PC ischemic
stroke. Another limitation is the lack of data regarding iso-
lated clinical presentations and more specific signs and
symptoms (e.g., bulbar signs such as palatal paralysis or
abnormal cough), which hindered our ability to conduct use-
ful analyses in this regard. Again, it should be noted that the
frequency of a common stroke etiology such as cardioem-
bolism was different from that previously reported, likely
reflecting different diagnostic protocols and patient selection
[63]. We also acknowledge that for analysis purposes, we
grouped clinical presentations such as nausea/vomiting and
vertigo/dizziness, likely introducing imprecision towards
higher values on estimate of prevalence. Finally, our pro-
tocol has not been previously registered in any systematic
review and meta-analysis dataset. The strengths of our study
are represented by a systematic approach, the inclusion of
studies with clinical and imaging diagnosis of stroke and
a summary of clinical presentation of PC ischemic stroke.
In conclusion, in patients with PC ischemic stroke, we
found that the most common signs were gait ataxia, limb
weakness, and dysarthria, and the most common symptoms
were vertigo/dizziness and nausea/vomiting. Awareness
about such clinical presentations is of paramount importance
to improve the diagnostic accuracy of PC ischemic stroke
in the emergency setting early after presentation. Also, the
heterogeneous presentations emphasize the need for stand-
ardized reporting and further research to refine our under-
standing, recognition, and evaluation of PC ischemic stroke.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11739-026-04313-1.
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