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Abstract. Acute ischemic stroke treatment has been revolution‑
ized by the addition of mechanical and aspiration thrombectomy. 
Randomized controlled trials have proven beyond doubt, the 
substantial clinical impact of endovascular interventions in ante‑
rior circulation territory strokes. Unfortunately, patients with 
vertebrobasilar ischemic stroke could not be included in these 
early trials due to inherent clinical, radiological, and prognostic 
particularities of posterior circulation ischemia; thus, indications 
for the treatment of posterior fossa strokes and basilar artery 
occlusion (BAO) are mainly based on retrospective studies and 
registries. BAO carries high morbidity and mortality, despite 
the new improvements in endovascular therapy. Identifying 
patients who will likely benefit from invasive treatment and 
have a good clinical outcome resides in discovering clinical, 
biological, or imaging markers, that have prognostic implica‑
tions. Such imaging markers have been described, especially 

in the last decade. Hyperdense Basilar Artery Sign (HDBA), 
Posterior Circulations‑Alberta Stroke Program Early CT 
Score (pc‑ASPECTS), Pons‑Midbrain Index (PMI), Posterior 
Circulation Collateral Score (pc‑CS), Posterior Circulation 
CT Angiography Score (pc‑CTA), and Basilar Artery on CT 
Prognostic Score (BATMAN), are computed tomography (CT) 
markers with properties that can aid the diagnosis of BAO and 
can independently predict clinical outcome. This paper aims to 
present a comprehensive review of these imaging signs to have 
a thorough understanding of their diagnostic and prognostic 
attributes.
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1. Introduction and aim

Basilar artery occlusion (BAO) accounts for approximately 
1% of all cases of acute ischemic stroke (AIS) or transient isch‑
emic attacks (TIA), and for 5% of all intracranial large vessel 
occlusions (LVO) (1,2). Although endovascular treatment is the 
gold‑standard for anterior circulation LVO, its positive impact 
on the vertebrobasilar system is still a matter of debate (3). 
Hopefully, ongoing randomized trials will shed more light on 
this devastating pathology (4). Due to the misleading nature 
of prodromal symptoms related to BAO, clinical diagnosis is 
often delayed, leading to prolonged time intervals to imaging 
evaluation and treatment (5).

Cross‑sectional imaging has proven its diagnostic and 
prognostic utility for anterior circulation LVO shifting the 
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paradigm from time is brain to imaging is brain (6). Computed 
tomography (CT) is the main imaging modality for the diag‑
nosis of suspected AIS owing to its widespread availability in 
emergency departments. CT has a sensitivity of up to 80% for 
the detection of early ischemic changes  (EIC) in middle 
cerebral artery  (MCA) territory strokes  (7). For posterior 
circulation ischemia, however, detection of EIC is difficult, 
mainly due to posterior fossa radiologic particularities, such 
as beam hardening artifacts, which limit the sensitivity to 
only 55% for cerebellar EIC, and 33% for brainstem EIC, 
respectively (8). Magnetic resonance imaging (MRI) is supe‑
rior to CT in terms of sensitivity, especially in posterior fossa 
ischemia. However, the lack of available MRI machines in 
smaller hospitals or in developing countries, and limitations 
related to artifacts, uncooperative or severe patients, limit the 
feasibility of MRI evaluation in posterior ischemic strokes (9). 
Our aim is to review the imaging signs, or scores described on 
non‑contrast CT (NCCT) and CT angiography (CTA) in acute 
BAO in order to provide an integrated view on their diagnostic 
and prognostic strengths and weaknesses.

2. Literature research methods

We performed a non‑systematic PubMed search for papers 
between 1980 and 2019, using the terms ‘basilar artery occlu‑
sion’ and ‘basilar artery thrombosis’ and ‘imaging’. Inclusion 
criteria were retrospective or prospective studies that evalu‑
ated diagnostic and prognostic computed‑tomography changes 
in patients with BAO. The search generated 445  results. 
Furthermore, we identified papers related to imaging markers 
by searching the reference list of articles retrieved by our 
initial search. Only English reports were included. The final 
reference list is based on the relevance and originality of this 
review's objective and includes 14 total studies.

3. Hyperdense Basilar Artery (HDBA) sign

A hyperdense vessel is seen as a region of high attenuation on 
NCCT scans (Fig. 1). Pathologically it represents, in the appro‑
priate clinical setting, an acute thrombus within the artery. The 
hyperdense appearance of fresh intravascular clots is deter‑
mined by the extravasation of serum out of the clot, followed 
by a relative increase in concentration of red blood cells. 
Higher densities are mainly caused by the protein fraction of 
hemoglobin, much less by its iron content, which contributes 
only to 7‑8% to its attenuation (10). Thrombi retrieved from 
patients with a dense MCA have, on average, a higher content 
of red blood cells (11‑14) and are more frequently associated 
with a cardioembolic stroke subtype (15). These observations 
are not confirmed for BAO.

The HDBA sign can be a useful tool for the detection of 
BAO, with a sensitivity ranging between 68 and 94% and a 
specificity between 80 and 98% (16‑18). Sensitivity is higher 
if the clinical diagnosis of BAO is highly probable (14) or if 
the attenuation of the hyperdense vessel is measured. Optimal 
measured cut‑off values that best discriminate a HDBA, range 
between 40 and 46 HU (17,18). Another method by which to 
increase detection of an HDBA, that was confirmed for dense 
MCAs, is to obtain a CT slice thickness of less than 2 mm 
or more appropriate 1 mm, and to view them on 5‑mm‑thick 

maximum intensity projection (MIP) reconstructions (19). One 
possible limitation of early studies evaluating the diagnostic 
value of the HDBA sign, is the use of a larger slice thickness, 
of 2 mm (16) or 4‑5 mm (16,17), respectively. It is well known 
that a larger slice thickness increases partial volume averaging 
with cerebrospinal fluid and adjacent brain parenchyma, and 
can lead to false‑negative NCCT results, potentially missing 
more hyperdense clots (18).

A dense basilar artery basilar artery (BA) sign is also valu‑
able as a prognostic marker. It correlates well with discharge 
NIHSS and can independently predict short‑ (OR,  5.5; 
95%  CI,  2.2‑13.6; P<0.001)  (20) and long‑term outcome 
(OR, 5.3; 95% CI, 1.1‑33.3; P=0.05)  (16). Nevertheless, in 
the absence of the HDBA sign, a brainstem ischemia or LVO 
should not be excluded; further contrast‑enhanced vessel 
imaging is mandatory for the correct radiologic evaluation of 
patients with suspected posterior circulation stroke.

4. Posterior Circulation Acute Stroke Prognosis Early CT 
Score (pc‑ASPECTS)

pc‑ASPECTS is a 10‑point score that evaluates EIC changes 
in the thalamus, occipital cortex, cerebellar hemispheres, 
midbrain, and pons. For the first three, 1 point is subtracted 
for each part if EIC are present, while 2  points each are 
subtracted if the midbrain or the pons are affected  (21) 
(Fig. 2). Evaluation of the score is difficult on NCCT, due to 
posterior fossa beam hardening artefacts, particularly in the 
brainstem. CTA source images  (CTASI) are a better tool 
for the visualization of ischemia. Parenchymal hypodensity 
on CTASI most likely represents a region of cerebral blood 
volume reduction (CBV). The extent of this region correlates 
well with admission and 24‑h NIHSS, and with the 90‑day 
functional outcome. Furthermore, ischemic lesion volume 
on CTASI does not differ significantly from DWI volume on 
MRI. If applied on CTASI, pc‑ASPECTS is more sensitive 
and specific (65 and 82%) (22). In their retrospective cohort 
of 46 patients with BAO, Puetz et al dichotomized the patients 
into two groups: CTASI pc‑ASPECTS ≥8 and <8. Patients with 
a score ≥8 were 11 times more likely to have a good outcome 
(mRS ≤3): 52% achieved a good functional outcome at three 
months, whereas only 4% if the score was <8 (unadjusted 
RR, 12.1; 95% CI, 1.7‑84.9). Mortality was reduced by 60% if 
the score was ≥8. If successful recanalization was obtained, 
70% of the patients achieved a good prognosis if pc‑ASPECTS 
was ≥8, and only 9% if the score was <8 (unadjusted RR, 7.7; 
95% CI, 1.1‑52.1) (21).

In patients from the Basilar Artery International 
Cooperation Study (BASICS) group, a significant asso‑
ciation was found between pc‑ASPECTS  ≥8, favorable 
outcome, functional independence (mRS ≤2) and reduced 
mortality (23). However, after adjustment for age, NIHSS and 
tissue‑type plasminogen activator (tPA), only functional inde‑
pendence (RR, 2.0; 95% CI, 1.1‑3.8) and mortality (RR, 0.7; 
95% CI, 0.5‑0.98) were significantly associated, but not a 
favorable outcome. In a post hoc analysis, the same group was 
further dichotomized by pc‑ASPECTS of <6 and ≥6. It was 
found that a score of ≥6 was an independent predictor of a 
favorable outcome, even after adjustment for age, NIHSS, and 
treatment modality (RR, 3.1; 95% CI, 1.2‑7.5) (23). In patients 
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with BAO presenting with coma, the discriminative prognostic 
power of pc‑ASPECTS of <8 OR, ≥8 was not found to be 
significantly associated with a favorable outcome or mortality, 
if adjusted for age, NIHSS and treatment modality (24). Even 
in a larger cohort comprising 231 patients with acute BAO, 
the prognostic value of pc‑ASPECTS in predicting functional 
independence at 3 months was not significant (25).

Pc‑ASPECTS dichotomized by <8 or ≥8 was also evalu‑
ated on CT perfusion (CTP) maps in 27 patients from the 
BASICS registry  (26). The most frequent changes were 
seen in 93% of cases on mean transit time (MTT) param‑
eter maps (95% CI, 76‑99). Cerebral blood volume (CBV) 
pc‑ASPECTS <8 was evident in 3 cases, all of whom died. 
However, none of the perfusion changes were associated with 
functional outcome, likely due to the small number of avail‑
able cases (26).

5. Pons‑Midbrain Index (PMI)

Schaefer et al more precisely attributed functional outcome 
to lesions located in the pons and midbrain, for which they 
developed the Pons‑Midbrain Index, a scoring system based 
on CTASI: 0, if no ischemic changes are visible, 1 if <50% of 
the territory is hypodense, 2 if >50% of the parenchyma is 
hypodense. Brain structures scored were the medulla, pons, 
midbrain, thalami, occipital lobes, inferior parietal lobes 
and middle temporal lobes. Each structure was scored sepa‑
rately. The only regions that were correlated with death and 

disability were the pons and midbrain, which taken together 
as a sum of the scores, they called the PMI. A PMI ≥3, or <3, 
was independently associated with mortality, or survival, 
respectively (27).

The Basilar Artery International Cooperation Study 
(BASICS) group looked at the death rate among patients 
with BAO who presented with coma. Among 78 patients with 
BAO and coma, 49% died, and 17% had a favorable outcome 
(mRS 0‑3) if PMI was <3, as opposed to 76% deaths, and only 
14% favorable outcome if PMI was ≥3 (24). However, after 
adjusting for age, NIHSS and treatment type, only mortality 
was associated with a PMI <3 (RR, 0.67; 95% CI, 0.46‑1.00), 
but not a favorable outcome. Notably, a subgroup of patients, 
despite presenting with coma, with extensive pontine‑mesence‑
phalic ischemia (PMI ≥3) had a favorable outcome at 1 month, 
comprising 14%. Based on this observation, the authors argue 
against the use of the PMI to exclude patients with BAO and 
coma from intravenous or intraarterial treatment (24).

6. Posterior Circulation CT Angiography (pc‑CTA) score

The Posterior Circulation CT Angiography (pc‑CTA) score is 
a 6‑point scoring system that evaluates the extent of the occlu‑
sion and, indirectly, the collateral circulation (28) (Fig. 3). One 
point is assigned for each of the following occluded segments: 
One of the vertebral arteries, proximal segment of the BA 
[from the vertebrobasilar junction to the origin of the ante‑
rior‑interior cerebellar arteries (AICA)], middle segment of the 

Figure 2. Axial non‑contrast CT images (A) at the level of the cerebellar hemispheres, (B) pons, (C) midbrain and cerebral peduncles, and (D) thalamus, show 
the allocation of points to each structure for the calculation of pc‑ASPECTS. CT, computed tomography; pc‑ASPECTS, pc‑ASPECTS, Posterior Circulation 
Alberta Stroke Program Early CT Score.

Figure 1. (A and B) Coronal reformated NCCT and CTA images reveal the HDBA sign and the corresponding distal BA thrombus, extending in both posterior 
cerebral arteries. (C and D) Before and after aspiration thrombectomy: Frontal projection digital subtraction angiography images confirm the BA occlusion, 
and subsequent recanalization. NCCT, non‑contrast computer tomography; CTA, computer tomography angiography; HDBA, hyperdense basilar artery; BA, 
basilar artery.
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BA [from the origin of the AICA to the superior cerebellar 
arteries (SCA)], distal BA (from the SCA to the tip) and the 
posterior cerebral arteries (PCA). A pc‑CTA score of 0 means 
that all vascular segments are open; a score of 6, that all are 
occluded (28).

In their retrospective series of 15 patients, the primary 
endpoint was the correlation between the score and patient 
outcome at 3 months, as assessed by the modified Rankin 
Scale (mRS). A pc‑CTA score <3 was associated with a good 
outcome (mRS ≤3) in all patients. In contrast, the contrary, 
if the score was ≥3, patient outcome was worse  (28). In a 
retrospective study performed by Alemseged  et  al  (29) a 
pc‑CTA  ≥3 predicted a poor outcome if adjusted for age 
(OR, 1.6; 95% CI, 1.1‑2.1; P=0.008), but not for NIHSS.

7. Posterior Circulation Collateral Score (pc‑CS)

The investigators enrolled in the Basilar Artery International 
Cooperation Study (BASICS) developed this CT angiography 
score [Posterior Circulation Collateral Score (pc‑CS)] as a 
prognostic tool for identifying patients who present with a poor 
outcome (30). The score allots 1 point for each patent posterior 
inferior cerebellar artery (PICA), anterior‑inferior cerebellar 
artery (AICA), superior cerebellar artery (SCA) and posterior 
communicating artery (Pcom) if its diameter is smaller than 
the ipsilateral PCA, or 2 points if it has a diameter equal to, 
or larger than the ipsilateral PCA. A score of 10 implies that 
all the aforementioned branches are patent, while a score of 0, 
means that all of them are not visible/occluded. Three intervals 
of severity were defined for the pc‑CS: Poor 0‑3, interme‑
diate 4‑5, and good 6‑10. Patients with a poor score had higher 
median NIHSS at admission and had more frequently severe 
symptoms (tetraplegia, locked‑in state or coma), than patients 
with an intermediate or a good score. Moreover, there was a 
25% lower risk of poor outcome in patients with a good pc‑CS 
score, compared to those with a poor score, after adjustment 
for age, time to treatment and treatment modality (RR, 0.74; 
95%  CI,  0.58‑0.96). There was no significant difference 
between poor outcome compared to intermediate outcome. 
An important finding of their analysis was the crucial role 
played by the presence or absence of PComs, or their diameter. 
A poor outcome is more frequently encountered if one or both 
PComs are absent, and if their diameter is small (30).

Ravindren et al further emphasized the crucial importance 
of the PComs in BAO, by analyzing the presence or absence 
of collaterals, represented by the PCom and PICA‑AICA 
anastomosis. Patients with collaterals had an almost 3‑times 
higher likelihood of a good outcome at 3 months (OR, 2.73; 
95% CI, 1.01‑7.39), while absence of both PComs was associ‑
ated with a 60% decreased chance of good functional outcome 
at 90 days (OR, 0.39; 95% CI, 0.17‑0.93). Furthermore, even 
unilateral absence of a PCom led to a 2‑fold increase in 
mortality (OR, 2.17; 95% CI, 1.14‑4.13) (25).

When time‑to‑treatment ≤6 or >6 h and revascularization 
status were taken into account, all patients with a favor‑
able pc‑CS had a good outcome (OR, 9.4; 95% CI, 1.4‑64; 
P=0.02). Conversely, an unfavorable pc‑CS was associated 
with good outcome only in patients treated within 6 h from 
symptom onset, and not beyond (OR, 5.5; 95% CI, 1.4‑2; 
P=0.01) (31).

8. Basilar Artery on Computed Tomography Angiography 
(BATMAN) Prognostic Score

BATMAN is a 10‑point score that incorporates thrombus 
burden and extent of primary collaterals. It allocates 1 point 
for the patency of either the vertebral artery, proximal BA 
segment, middle BA, distal BA, for each PCA and 2 points 
for each PCom larger than 1 mm in diameter. If smaller, 
i.e. hypoplastic, 1 point is given to each. If a fetal PCom is 
present, it receives 3 points (29). The optimal cut‑off value 
to discriminate between good and bad functional outcome 
is a score of 7. A BATMAN score <7 is an independent 
predictor of poor outcome (OR, 6.9; 95% CI, 1.4‑33; P=0.01) 
and an increased risk of mortality (OR, 7.4; 95% CI, 1.2‑44; 
P=0.03) after adjustment for age and NIHSS. The score did 
not influence recanalization success between the two groups. 
If recanalization was not achieved, the rates of poor outcome 
were similar. However, if recanalization was successful, 
only 24% of the patients had a poor outcome if BATMAN 
was ≥7, compared to 76% if <7. Compared to the prognostic 
scores reviewed earlier, BATMAN performed better than 
pc‑CS in terms of accuracy and interrater agreement, but not 
better than pc‑CTA (29).

In a recent paper, Alemseged  et  al  (31) assessed 
the prognostic value of BATMAN correlated with 

Figure 3. (A and B) Digital subtraction angiograms from bilateral internal carotid artery contrast injection show both posterior communicating arteries with 
a fetal configuration (white arrow) in a patient with basilar artery occlusion. (C and D) Contrast injection in the left vertebral artery reveal the distal basilar 
occlusion (white arrow) and collateral reconstitution of the superior cerebellar arteries through the posterior inferior cerebellar artery (curved arrow).
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time‑to‑treatment (TTT) and recanalization status (mTICI). In 
patients with a favorable score treated within or even beyond 
6 h, complete revascularization (mTICI 2b‑3) was associated 
with a good outcome (adjusted OR, 15.8; 95% CI, 1.4‑175; 
P=0.02). However, in cases with an unfavorable score, revascu‑
larization was associated with good outcome only if obtained 
within 6 h (OR, 15; 95% CI, 1.9‑124; P=0.01); findings that 
support the relevance of collaterals and thrombus load in late 
time‑windows for BAO.

9. Current challenges and future directions

Major limitations of the aforementioned studies are related 
to their retrospective design and relatively small number of 
patients (see Tables SI and SII). Furthermore, the heterogenous 
treatment modalities (intravenous tPA, intraarterial throm‑
bolysis, mechanical thrombectomy) and different clinical and 
imaging outcome parameters reported (mRS ≤2 or ≤3, mTICI), 
limit the generalizability of the scores, especially in the new 
era of mechanical and aspiration thrombectomy. There are 
also restrictions imposed by spiral computed tomography 
physics; posterior fossa beam hardening artefacts decrease 
sensitivity of diagnostic tests, particularly for the visualization 
of parenchymal structures.

Therefore, prospective trials, using standardized computed 
tomographic parameters, clinical outcome and recanalization 
scales are mandatory in order to consolidate the diagnostic 
and prognostic value of these imaging markers; emphasis 
should be placed on collateral capacity, thrombus burden and 
thrombus location. Moreover, occlusion etiology should be 
dichotomized into atherosclerotic vs. cardioembolic, in light 
of their different treatment strategies and prognosis (32). There 
is a growing body of evidence that supports, in addition to the 
classic non‑contrast CT and CT angiography, the inclusion of 
perfusion imaging in the armamentarium aimed at the patient 
with posterior fossa ischemia (26,33‑35). It improves detection 
of infratentorial ischemia and provides further prognostic 
information. Ultimately, machine learning software could 
be used to integrate the different imaging parameters and to 
guide treatment decision‑making.

10. Conclusions

Acute BAO remains a devastating disease in spite of recent 
technological improvements. Computed tomography markers 
can aid and accelerate the diagnosis of this complex clinical 
entity, leading to shorter time‑to‑treatment intervals. They 
can provide valuable prognostic knowledge to better inform 
patients and their relatives about the consequences of the 
disease. However, none of the computed tomography markers 
should be used to exclude patients from intravenous and intra‑
arterial therapy.
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