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BACKGROUND AND PURPOSE: Occlusion of the AOP results in a characteristic pattern of ischemia:
bilateral paramedian thalamus with or without midbrain involvement. Although the classic imaging
findings are often recognized, only a few small case series and isolated cases of AOP infarction have
been reported. The purpose of this study was to characterize the complete imaging spectrum of AOP
infarction on the basis of a large series of cases obtained from multiple institutions.

MATERIALS AND METHODS: Imaging and clinical data of 37 patients with AOP infarction from 2000 to
2009 were reviewed retrospectively. The primary imaging criterion for inclusion was an abnormal
signal intensity on MR imaging and/or hypoattenuation on CT involving distinct arterial zones of the
bilateral paramedian thalami with or without rostral midbrain involvement. Patients were excluded if
there was a neoplastic, infectious, or inflammatory etiology.

RESULTS: We identified 4 ischemic patterns of AOP infarction: 1) bilateral paramedian thalamic with
midbrain (43%), 2) bilateral paramedian thalamic without midbrain (38%), 3) bilateral paramedian
thalamic with anterior thalamus and midbrain (14%), and 4) bilateral paramedian thalamic with anterior
thalamus without midbrain (5%). A previously unreported finding (the “V” sign) on FLAIR and DWI
sequences was identified in 67% of cases of AOP infarction with midbrain involvement and supports
the diagnosis when present.

CONCLUSIONS: The 4 distinct patterns of ischemia identified in our large case series, along with the
midbrain V sign, should improve recognition of AOP infarction and assist with the neurologic evaluation
and management of patients with thalamic strokes.

ABBREVIATIONS: AF � atrial fibrillation; AICA � anterior inferior cerebellar artery; angio � angiog-
raphy; AOP � artery of Percheron; CAD � coronary artery disease; CardAbn � cardiac abnormal-
ities (miscellaneous non-valvular); CE � cardiac embolism; CHF � congestive heart failure; CT
perf � CT perfusion; CTA � CT angiography; CVA-P � previous cerebrovascular accident; DM �
diabetes mellitus; DVI � deep venous thrombus; DWI � diffusion-weighted imaging; EtOH �
heavy drinking; FLAIR � fluid-attenuated inversion recovery; FMD � fibromuscular dysplasia;
HHC � hyperhomocysteinemia; HL � hyperlipidemia; HTN � hypertension; H/o � history of; ICH �
intracranial hemorrhage; INO � internuclear ophthalmoplegia; L � left; LAA � large artery athero-
sclerosis (includes large artery thrombosis and artery-to-artery embolism); LV � left ventricular;
LVAD � left ventricular assist device; MCA � middle cerebral artery; MRA � MR angiography; MRI
or MR � MR imaging; OCP � oral contraceptive pill; ODC � stroke of other determined cause;
P1 � first segment of the PCA; P2 � second segment of PCA; PCA � posterior cerebral artery;
PcomA � posterior communicating artery; PFO � patent foramen ovale; PICA � posterior inferior
cerebellar artery; R � right; SCA � superior cerebellar artery; S/p � status post; SVO � small vessel
occlusion; TIA-P � previous transient ischemic attack; Tob � tobacco smoker; UND � stroke of
undetermined cause; VA � vertebral artery; ValvAbn � valvular abnormalities; Y � yes

The thalamus is predominantly supplied by multiple small
vessels originating from the PcomA and P1 and P2 seg-

ments of the PCAs. Although there are significant variation
and overlap, thalamic vascular supply is classically categorized
into 4 territories: anterior, paramedian, inferolateral, and pos-
terior (on-line Fig 1). The anterior territory is supplied by the

polar (or thalamotuberal) arteries, which arise from the
PcomA. The paramedian territory is supplied by the parame-
dian (or thalamoperforating) arteries, which arise from the P1
segment of the PCA. The inferolateral territory is supplied by
the thalamogeniculate arteries, which arise from the P2 seg-
ment of the PCA. The posterior territory is supplied by the
posterior choroidal arteries, which arise from the P2 segment
of the PCA.1-8

The paramedian arteries have great variability with respect
to number, size, and territorial contribution to the thala-
mus.1,2,6,9-13 Many authors have demonstrated that the para-
median arteries can supply both the paramedian and the an-
terior thalamic territories, especially when the polar artery is
absent.1,4,6,9,10,14-19 The variable presence of the polar artery
(absent in 30%– 60% of the population)7,15,16 is not surprising
because it arises from the PcomA, which itself is highly vari-
able and can be absent or hypoplastic. One case series reported
7 of 8 bilateral paramedian thalamic infarcts extended into the
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anterior thalamic territory of the polar artery.10 Additionally,
the arteries that supply the rostral midbrain—the superior
mesencephalic (or rubral) arteries— can branch separately
from P1 or share a common origin with the paramedian arter-
ies. Thus, the paramedian arteries often supply the rostral
midbrain.4,9,14,20-22

The focus of this article is the specific ischemic patterns that
result from occlusion of an anatomic variant of the paramed-
ian arteries called the AOP.4 The AOP is an uncommon ana-
tomic variant, in which a single dominant thalamoperforating
artery supplies the bilateral medial thalami with variable con-
tribution to the rostral midbrain (Fig 1). Occlusion results in a
characteristic pattern of ischemia: bilateral paramedian tha-
lamic infarcts with or without midbrain involvement.1,17,20,21

Although the classic imaging findings of AOP infarction
are often recognized, most investigations have reported only a
few isolated cases, and to our knowledge, a comprehensive
evaluation of its radiographic spectrum has not been docu-
mented. The imaging differential of bithalamic lesions is
broad and includes arterial and venous occlusion, infiltrative
neoplasm, and infectious and inflammatory lesions. Diagnos-
ing an AOP infarction is critical to direct the appropriate time-
sensitive management and to prevent additional unnecessary
procedures. The purpose of this study, the largest case series to
date, is to characterize the complete imaging spectrum of AOP
infarction. We identify specific patterns consistent with vari-
ations in clinical presentation and thalamic vascular supply
and describe a previously unreported finding (the “V” sign) on

FLAIR and DWI sequences that supports the diagnosis when
present.

Materials and Methods
We identified 37 patients with AOP infarctions (age range, 28 –93

years; mean, 59 years) on the basis of radiographic and clinical data.

Twenty-one patients from our institution were retrospectively iden-

tified by searching radiology reports from 2000 to 2009. Patients were

excluded if bithalamic signal-intensity abnormality was shown to be

due to pathology-proved neoplasm or an infectious or inflammatory

etiology such as viral encephalitis. Sixteen patients with AOP infarc-

tion, from other institutions, were included. This study was approved

by the institutional review board. The primary imaging criterion for

inclusion was abnormal signal intensity on MR imaging and/or hy-

poattenuation on CT involving the bilateral paramedian thalami with

or without rostral midbrain involvement. The abnormal signal inten-

sity was defined as a hyperintense T2 or FLAIR signal intensity on MR

imaging with or without restricted diffusion or postcontrast enhance-

ment, within a specific bilateral paramedian thalamic distribution,

corresponding to a distinct arterial territory. The CT hypoattenuation

was defined as a region of decreased attenuation (compared with gray

and white matter) representing edema in a specific bilateral parame-

dian thalamic distribution. A compatible clinical presentation (eg,

rapid onset of altered mental status and ophthalmoplegia) was also

used to support inclusion, when clinical data were available. Patients

were excluded if there was pathology-proved direct involvement of

the thalamus by neoplasm-mimicking ischemia on contrast-en-

hanced imaging.

Fig 1. A, Conventional anatomy demonstrating paired thalamic and midbrain perforating arteries. B, AOP arising as a single unpaired trunk from P1 supplying the bilateral paramedian
thalami and rostral midbrain. Reprinted with permission from Amirsys Inc.
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In 2 patients, biopsy confirmed the presence of thalamic infarc-

tion. These patients presented with bilateral paramedian thalamic

enhancing lesions and underwent stereotactic biopsy for suspected

bithalamic glioma. They were subsequently discharged with fol-

low-up imaging showing expected evolution of ischemic and postop-

erative changes.

MR imaging was performed in 32/37 patients; MRA, in 8/37; CT,

in 20/37; CTA, in 8/37; CT perfusion, in 1/37; and conventional an-

giography, in 2/37 patients (On-line Table 1). Minimum MR imaging

sequences included routine FLAIR and DWI with selected cases hav-

ing T2, T2* gradient recalled-echo, T1, and T1 postcontrast se-

quences. A total of 13 patients had MRA, CTA, conventional angiog-

raphy, or some combination of these 3 modalities. Specifically, 4

patients had MRA only, 3 patients had CTA only, 4 patients had MRA

and CTA, 1 patient had CTA and conventional angiography, and 1

patient had conventional angiography only.

A clinical chart review was performed to identify age, sex, risk

factors, and symptoms (on-line Table 2). Clinical data were available

for 25/37 patients. The medical records were not available for 12. Each

case was assigned to 1 of the following etiologies on the basis of clinical

risk factors: cardiac embolism, large artery atherosclerosis, small ar-

tery occlusion, or undetermined.

Images from all 37 patients were reviewed by 3 senior staff neuro-

radiologists and a neuroradiology fellow, and conclusions were

reached by consensus. The ischemic territories involved in each case

were recorded under the following categories: bilateral paramedian

thalamus (symmetric or asymmetric), anterior thalamus (right, left,

or bilateral), and midbrain. Additional ischemic foci, both synchro-

nous and metachronous, were also documented (on-line Table 3).

These infarcts were considered synchronous if they demonstrated the

same signal intensity on DWI images (restricted diffusion) and/or the

same enhancement on postcontrast T1 sequences as the thalamic and

midbrain infarcts. Ischemic foci were considered metachronous if

there was no restricted diffusion or postcontrast enhancement.

Using Adobe Photoshop (Adobe Systems, San Jose, California), 1

of the authors (N.A.L.) manually traced the ischemic territory in-

volved in each stroke onto a graphic of the thalamus and midbrain at

representative levels. Multiple territories were then superimposed to

depict the total distribution of ischemic injury, with increased opacity

representing more commonly affected regions (on-line Figs 2–5 and

Fig 2). A graphic of the thalamus (on-line Fig 1) and an illustration of

the AOP (Fig 1) depict the thalamic arterial supply.

Results
Bilateral paramedian thalamic infarctions were present in all
patients (37/37). Thalamic involvement was asymmetric in
68% (25/37) and symmetric in 32% of patients (12/37). Bilat-
eral paramedian thalamic with rostral midbrain infarction was
identified in 57% of patients (21/37). Bilateral paramedian
thalamic without midbrain infarction was demonstrated in
43% of patients (16/37). Bilateral paramedian thalamic with
anterior thalamic involvement was present in 19% of patients
(7/37). Of the 7 patients with paramedian and anterior tha-
lamic territory involvement, 5 demonstrated midbrain in-
volvement. Each case was found to fit into 1 of 4 patterns
(on-line Figs 2–7 and Figs 3 and 4, on-line Table 1): bilateral
paramedian thalamic with midbrain 43% (16/37), bilateral
paramedian thalamic without midbrain 38% (14/37), bilateral
paramedian thalamic with anterior thalamus and midbrain
14% (5/37), and bilateral paramedian thalamic with anterior
thalamus without midbrain 5% (2/37). Figure 2 demonstrates
the collective extent of infarction in all 37 patients. On the
basis of clinical history, the most common presumed etiology
was cardioembolic (on-line Table 2).

A distinct pattern of V-shaped hyperintensity on axial
FLAIR and/or DWI (Fig 5) was present along the pial surface
of the midbrain adjacent to the interpeduncular fossa in 38%
of all patients (14/37) and 67% of patients with midbrain in-
volvement (14/21). Synchronous or metachronous infarcts
were identified in the cerebellum in 19% of patients (7/37), the
occipital lobe in 11% of patients (4/37), and the MCA territory
in 14% of patients (5/37) (on-line Table 3). The AOP was
definitively visualized on conventional angiography in 1 pa-
tient (Fig 6). This was attributed to spontaneous resolution of
the presumed embolus and probable luxury perfusion to the
affected structures. No stenosis or occlusion of the basilar ar-
tery or PCA was observed in any of the 13 patients who under-
went MRA, CTA, or conventional angiography.

Discussion
In our series, we identified 4 distinct patterns of AOP infarc-
tion (on-line Figs 6 and 7 and Figs 3 and 4): bilateral parame-
dian thalamic with rostral midbrain (43%), bilateral parame-
dian thalamic without midbrain (38%), bilateral paramedian
and anterior thalamic with midbrain (14%), and bilateral
paramedian and anterior thalamic without midbrain (5%).

Fig 2. Collective extent of all 4 infarct patterns at the level of the thalamus (A) and midbrain (B) from all 37 cases superimposed.
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These 4 distinct patterns are consistent with known variations
in the paramedian artery. Another distinctive imaging finding
was a V-shaped hyperintense signal intensity on axial FLAIR
and DWI images along the pial surface of the midbrain in the
interpeduncular fossa (Fig 5). The sensitivity of this V sign is
67% in cases of AOP infarction with midbrain involvement.

The prevalence of the AOP is unknown. A small study of 15
cadaver brains demonstrated the AOP in 1 specimen.11 To
date, the diagnosis of AOP infarction has been uncommon.
Because of the variable presence and size of the P1 segment,
which gives rise to the paramedian arteries, the AOP may be an
underdiagnosed variant.23 At our institution, we identified 21
patients with AOP infarction during a 9-year period. In 2 large
stroke series, the characteristic AOP infarct pattern was esti-
mated to occur in 0.1% and 0.3% of all ischemic strokes.2,5

However, this is likely a conservative estimate due to limita-
tions in their inclusion criteria. Other smaller studies have
demonstrated the AOP ischemic pattern in 2% of all ischemic
strokes24 and from 4% to 18% of all thalamic strokes.4,9,19,24,25

The AOP is rarely visualized with conventional angiography,
and to our knowledge, only 3 other authors have successfully
demonstrated this variant.18,26,27 We were able to capture a

striking image of the AOP with conventional angiography in 1
of our patients (Fig 6).

Several clinical stroke patterns potentially involving the
AOP have been described, including bilateral paramedian tha-
lamic,5,10,15 paramedian and polar thalamic,16 and paramed-
ian thalamic and mesencephalic.20,21,28 While these syn-
dromes share some similarities in clinical presentation, there
are notable differences that reflect the involvement of specific
thalamic or mesencephalic structures.6

Bilateral paramedian thalamic strokes are typically charac-
terized by a triad of altered mental status, vertical gaze palsy,
and memory impairment.1,4-6,10,15-17,19,21,24,25,29-35 Altered
mental status can present anywhere on the spectrum from
drowsiness or confusion to hypersomnolence or coma. These
disorders of vigilance generally occur with sudden onset and
may persist until death, though cases of complete recovery
have been documented.15,36,37 In our case series, 26% of the
patients for whom the outcome at discharge is known (5/19)
recovered completely. All of these patients showed lesions lim-
ited to the bilateral paramedian thalamus (pattern 2), and
mental status that was only mildly altered on presentation.
Vertical gaze palsies usually suggest mesencephalic involve-

Fig 3. Case 2 (A and B ) and case 16 (C and D). Axial FLAIR MR images at the level the thalamus (A and C ) and midbrain (B and D ) demonstrate bilateral paramedian thalamic and midbrain
involvement (pattern 1). Notice the hyperintense signal intensity along the pial surface of the midbrain interpeduncular fossa representing the V sign (B and D ).
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ment, but they have also been observed in patients without
midbrain lesions, a finding that may be explained by disrup-
tion of cortical inputs that traverse the thalamus on their way
to the rostral interstitial medial longitudinal fasciculus.38

Memory impairment, sometimes with confabulation, is fre-
quently reported in patients with bilateral paramedian tha-
lamic stroke but tends to resolve with time.10,15,16

When a bilateral paramedian thalamic stroke also involves
the polar (anterior) territory, the most obvious clinical differ-
ence is more severe memory impairment.16 Several thalamic
structures are commonly implicated in memory function: the
mammillothalamic tract, anterior nucleus, and dorsomedial
nucleus. The mammillothalamic tract and dorsomedial nu-
cleus are found in the paramedian territory; the anterior nu-
cleus belongs to the polar territory. Amnesia appears to be

more profound and persistent when lesions affect all of these
structures.16 Because the paramedian artery often takes over
the territory of the polar artery, it seems likely that cases of
bilateral paramedian stroke with polar involvement represent
occlusions of an AOP, rather than synchronous occlusions of
an AOP and the polar artery.

Bilateral paramedian thalamic lesions are often accompa-
nied by rostral midbrain lesions, producing a “mesencephalo-
thalamic” or “thalamopeduncular” syndrome.1,21 In addition
to the triad of altered mental status, vertical gaze palsy, and
amnesia, the syndrome is characterized by other oculomotor
disturbances, hemiplegia, cerebellar ataxia, and movement
disorders.1,21,28,29 The affected structures—interpeduncular
nucleus, decussation of the superior cerebellar peduncle, me-
dial part of the red nucleus, nucleus of cranial nerve III, and

Fig 4. Case 22. Axial FLAIR (A and B ) and DWI (C and D ) images at the level of the thalamus (A and C ) and midbrain (B and D ) demonstrate infarction of the bilateral paramedian thalami
without midbrain involvement (pattern 2).

Fig 5. Axial FLAIR MR images through the midbrain from cases 31 (A), 5 (B ), and 9 (C ) show a V-shaped hyperintense signal intensity along the pial surface of the midbrain at the
interpeduncular fossa (the V sign).
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anterior part of the periaqueductal gray matter— compose the
territory of the superior mesencephalic (or rubral) artery.1

This artery can branch separately from the proximal PCA or
share a common origin with the paramedian thalamic ar-
tery,1,29 which may supply the thalamus bilaterally. Therefore,
an infarction of the bilateral paramedian thalamus and the
rostral midbrain may be explained by occlusion of a single
AOP.1,21,28,29

Two limitations of our study should be mentioned. First,
due to the retrospective nature of this imaging study, clinical
data were incomplete and, in some patients, unavailable. Sec-
ond, a single large embolus at the basilar tip could result in a
similar infarct pattern, especially in combined paramedian
thalamic and midbrain infarcts.1 However, this would typi-
cally manifest as the “top of the basilar” syndrome39 with ad-
ditional characteristic posterior circulation infarcts, which are
not present in our series. The cerebellar and occipital infarcts
observed in some of our patients are more consistent with a
cardioembolic setting. Additionally, none of the 13 patients
who underwent MRA, CTA, or conventional angiography
demonstrated an occluded basilar tip or embolus.

Although the imaging differential of bithalamic lesions in-
cludes venous infarction and infiltrative neoplasm, these enti-
ties should not be confused with AOP infarction. Venous in-
farction and infiltrative neoplasm do not respect the specific
arterial territory of the paramedian or anterior thalamic arte-
rial zones but rather involve multiple arterial regions.

Conclusions
The four distinct patterns of ischemia identified in our large
case series, along with the midbrain V sign, should improve
recognition of AOP infarction and assist with the neurologic
evaluation and management of patients with thalamic strokes.

The patterns are consistent with previously described clinical
syndromes and variations in the thalamic vascular supply.
AOP infarction may be more frequent than previously re-
ported, perhaps due in part to the increased utility of imaging
studies, especially MR imaging.
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