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Introduction

The thalamus has a complex and highly variable arterial 
supply and this feature has been detailed in both neuroana-
tomical and neuroimaging studies [2, 16, 24]. The posterior 
portion of the circle of Willis is formed at earlier stages of the 
embryo, when the fetal PCA turns into posterior communi-
cating artery (PcomA) and branches from the fetal PCA fuse 
medially to form the distal end of the BA, while the adult 
PCA connects with the BA [22]. The embryology and varia-
tions of PCA branches, and in particular the thalamoperfo-
rating arteries, received less attention than other intracranial 
arteries [31], being investigated mainly for neurosurgical 
approaches [5, 9, 19]. The lack of detailed information about 
some PCA-related embryological issues was attributed to 
the relatively late stage when its development occurs, pre-
venting to have serial sections of a too large fetus [20]. The 
PCA is embryologically a diencephalon-mesencephalic 

	
 Marialuisa Zedde
zedde.marialuisa@ausl.re.it

Ilaria Grisendi
grisendi.ilaria@ausl.re.it

Federica Assenza
assenza.federica@ausl.re.it

Claudio Moratti
moratti.claudio@ausl.re.it

Manuela Napoli
napoli.manuela@ausl.re.it

Franco Valzania
valzania.franco@ausl.re.it

Rosario Pascarella
pascarella.rosario@ausl.re.it

1	 Neurology Unit, Stroke Unit, Azienda Unità Sanitaria 
Locale-IRCCS di Reggio Emilia, Viale Risorgimento 80, 
Reggio Emilia 42123, Italy

2	 Neuroradiology Unit, Azienda Unità Sanitaria Locale-IRCCS 
di Reggio Emilia, Reggio Emilia, Italy

Abstract
Purpose. Arterial supply of thalamus is complex and highly variable. In particular, the distribution pattern of thalamoper-
forating arteries received more attention some decades ago than in recent years. Methods. We are presenting the case of 
a 46-year-old patient with wake-up drowsiness, complex oculomotor disorder and dysarthria. He was investigated in the 
acute phase using non-contrast brain Computed Tomography (NCCT), CT Angiography (CTA), and in the following days 
Digital Subtraction Angiography (DSA) was performed Results. The NCCT showed a subacute ischemic stroke in the right 
anterior thalamus and rostral midbrain with normal findings on CTA. DSA imaged a variant of thalamic supply (Percheron 
type III), constituted by perforating branches arising from an artery bridging the P1 segments of both Posterior Cerebral 
Arteries (PCAs). Results. The thalamus has a complex and variable arterial supply, mainly in the pattern of paramedian 
thalamic-mesencephalic perforating arteries. The most reported variant is Percheron type IIb and supplies the paramedian 
thalami and the rostral midbrain. Type IIb occlusion usually causes a bilateral paramedian thalamic stroke, but rostral 
midbrain and anterior thalamus are involved in 57% and 19% cases. The rarer Type III variant probably prevented the 
bilateral extension of infarction and involved the territory of tuberothalamic and paramedian perforating arteries. Conclu-
sions. Currently, DSA allows directly imaging variants in thalamic vascularization and better understanding the stroke 
mechanisms. In particular, in the presented case, a medium-sized vessel occlusion rather than a small vessel occlusion 
mechanism might be raised, leading to a different diagnostic pathway.
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vessel, as pointed out by Padget [22, 23], Lazorthes [13], 
and Lasjaunias [12]. At the Padget stage IV and V [22, 23] 
the P2, P3, P4 PCA segments were formed by the main 
trunk of the Posterior Choroidal Artery (PChoA) with its 
telencephalic branch; at Padget stage VII [22, 23], the 
PCA gathers the telencephalic supply and, from stage VI, 
the mesencephalic-PCA territory is supplied progressively 
more by the vertebrobasilar system [1, 17, 22, 23, 26]. 
Padget [22, 23] and Moffat [20] did not describe the embry-
ological development of the perforating branches of the 
PCA, limiting the observation to say that from Padget stage 
5 until the end of the development, the perforators branches 
originate variably and inconstantly mainly from P1 and P2 
segments [23, 31]. Lasjaunias [12] described a collicular 
group of arteries originating from the distal portion of the 
caudal division of the internal carotid artery (ICA) at the 
P1 PCA-basilar artery (BA) junction including the superior 
cerebellar artery (SCA). These collicular or long circumflex 
arteries can be considered embryologically derived from the 
mesence¬phalic artery of Moffat’s embryo [12, 20, 31]. The 
interaction between the original perforators present in the 
embryo and the neuro-embryogenesis of diencephalic struc-
tures is not deeply known and the vascular territories are 
highly variable [2, 4]. The main anatomical variants of P1 
PCA branches were described by Gustave Percheron, from 
which it was named the most commonly known variant 
(artery of Percheron or AOP), a single arterial trunk arising 
from the P1 PCA and supplying the paramedian territory of 
the bilateral thalami and the rostral midbrain [24]. AOP is 
the variant Iib, but several other variants were described [2, 
4, 16, 22], although neglected, and they might also be rel-
evant in neurovascular practice, as highlighted by our case, 
showing a type III variant of the PCA. Actually, DSA allows 
to directly imaging perforating vessels [9, 15] and to assess 
the pattern of thalamoperforating arteries other than AOP. 
In fact, although thalamic stroke is often a challenge for the 
reasoning on the etiological diagnosis, the topography of 
the ischemia on neuroimaging [3] can be a useful clue to 
infer the pattern of vascularization and guide the diagnostic 
pathway, helping in differentiating small vessel occlusion 
mechanisms from medium-sized vessel occlusions.

Methods

We report the case of a 46-year-old man with a history 
of migraine without aura who went to the Emergency 
Department (ED) because of the occurrence of drowsi-
ness and diplopia at wake-up. Neurological examination in 
the ED showed a complex oculomotor disorder, torsional 
upward nystagmus, dysarthria and a mild left hemiataxia 
(National Institute of Health Stroke Scale – NIHSS - score 

3). Non-contrast CT (NCCT) found a subacute ischemia in 
the right anterior thalamus and CT angiography (CTA) did 
not show abnormalities. The patient was admitted in Stroke 
Unit and started antiplatelet therapy with a quick improve-
ment of both oculomotor disorder and left hemiataxia with 
24 h NIHSS score 1. On day two from the ED admittance a 
brain Magnetic Resonance Imaging (MRI) was performed 
(Fig. 1a), showing an acute ischemic lesion involving the 
paramedian zone of the upper midbrain, the middle and 
anterior portion of the thalamus on the right side, similar 
to a single branch of a V in the coronal plane (Fig.  1b). 
These results could suggested a small vessel disease (SVD) 
related stroke. The MR Angiography (MRA) was unremark-
able (Fig.  1c). The topography of the ischemia suggested 
the simultaneous involvement of different territories: (I) the 
rostral midbrain and the paramedian thalamus, usually sup-
plied by perforating arteries originating from the P1 seg-
ment of the posterior cerebral artery (PCA); (II) the anterior 
thalamus, usually supplied by the tuberothalamic arteries, 
frequently reported as originating from the PComA. How-
ever, since the involvement of multiple perforating arteries 
is uncommon in SVD related stroke and since parent arter-
ies were normal on CTA and MRA, we suspected the occlu-
sion of a single medium-sized artery. Therefore, a DSA was 
performed (Fig. 1d-g, movie 1), revealing an arterial arcade 
linking both P1 segments, branching off in thalamoperforat-
ing trunks, which indicate a type III variant of the Perche-
ron’s classification [24]. In addition, contrast extravasation 
in the territory of affected thalamoperforating arteries rais-
ing from the arcade was evident on DSA, corresponding 
to blood brain barrier damage related to the subacute isch-
emia in the related territory. At the time of DSA, the arterial 
arcade joining right and left P1 PCA was patent, so we may 
speculate about a previous occlusion of a portion or limb of 
the arcade, reducing the perfusion in the terminal territory 
of the thalamoperforating arteries supplying the affected ter-
ritory and raising from the arcade.

Discussion

The embryology and variations of PCA and its branches 
received less attention than other intracranial arteries [7, 
8], in particular, deep cerebral perforators [30] which are 
a relatively neglected issue and investigated mainly for 
neurosurgical approaches [5, 9, 19]. The lack of detailed 
information about some PCA-related embryological issues 
was attributed to the relatively late stage when its develop-
ment occurs, preventing to have serial sections of a too large 
fetus [20]. Both the adult configuration [6] and the precise 
embryological development of the perforating branches 
of the PCA remains poorly known and, as a general rule, 
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perforators deriving embryologically from the same vessel 
in the adult configuration present a large variability in the 
assignment to a perforator group [30]. Padget [22, 23] and 
Moffat [20] did not describe the embryological develop-
ment of the perforating branches of the PCA, limiting the 
observation to say that from Padget stage 5 until the end 
of the development, the perforators branches originate vari-
ably and inconstantly mainly from P1 and P2 segments [23, 
31]. Lasjaunias [12] described a collicular group of arter-
ies originating from the distal portion of the caudal division 
of the internal carotid artery (ICA) at the P1 PCA-basilar 
artery (BA) junction including the superior cerebellar artery, 
(SCA). These collicular or long circumflex arteries can be 
considered embryologically derived from the mesence-
phalic artery of Moffat’s embryo [12, 20, 31]. The interac-
tion between the original perforators present in the embryo 
and the neuro-embryogenesis of diencephalic structures is 
not deeply known.

The P1 PCA gives origin to direct perforating arteries, 
globally called thalamoperforating arteries, supplying the 
anterior and part of posterior thalamus, hypothalamus, sub-
thalamus, substantia nigra, red nucleus, oculomotor nerve, 
mesencephalic reticular formation, pretectum, rostromedial 
floor of fourth ventricle, and posterior portion of the internal 

capsule [18, 30, 31]. The mean number of direct thalamo-
perforating arteries arising from each P1 is 2.7 according 
with Zeal and Rhoton [30] and 3.1 according with Djujelic 
[5], but in 2% of cases they might be absent [17] on one 
side and originating from the contralateral P1 segment [12]. 
They origin mostly from the middle-third of P1 [5, 9], but 
Kaya described in one specimen the thalamoperforating 
arteries starting out from a fenestrating branch between the 
right and the left P1 segment [9], similarly to the case we 
are presenting. A further point of variability in the anatomy 
and pattern of supply of thalamoperforating arteries is the 
existence of anastomoses between them, well described by 
Marinkovic [19] in the 79% of the examined cases. These 
anastomotic channels had a main diameter of 148 µmm and 
an average length of 3.3 mm [9] and a subtle and detailed 
classification of these anastomoses in five groups was pro-
posed [19].

In this context, it is not surprising to consider the territory 
fed by the paramedian thalamic-mesencephalic perforating 
branches as the most variable one [2, 4]. Among the sev-
eral variations, Gustave Percheron in 1973 described in a 
systematic classification these anatomical variants (Fig. 2). 
The most commonly known variant has been called “artery 
of Percheron” (AOP) and it is a single arterial trunk arising 

Fig. 1  (a) Brain MRI (Magnetic Resonance Imaging), axial Fluid 
Attenuating Inversion Recovery (FLAIR) sequences, showing, in a 
caudal-cranial line, an hyperdense signal corresponding to the sub-
acute ischemic lesion involving the rostral midbrain, paramedian thal-
amus and anterior thalamus on the right side. (b) Brain MRI, coronal 
FLAIR sequence, showing the infarct shaped as single branch of the 
V sign described in type IIB variant stroke [2]. (c) Intracranial MRA 
(time of flight) in a coronal plane reconstructed using MIP/MPR. (d-h) 
Digital Subtraction Angiography (DSA) of top of the basilar artery and 

PCA from left vertebral artery injection. The asterisk (*) points to the 
arcade connecting right and left P1 PCA in a direct acquisition image 
(e), tridimensional reconstruction of rotational angiograhy (3D-RA) 
(f) and MIP/MPR image (g). The red arrow points to the two main 
trunks of thalamoperforating arteries arising from the arcade (detail of 
figure g in the square h) and the white arrowhead points to the contrast 
extravasation due to the blood brain barrier damage in the location of 
the subacute infarction
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suggested a variant of the thalamic supply different from 
an AOP and the noninvasive neuroimaging techniques were 
not able to answer this question. DSA may directly image 
not only AOP but also the other variants of the thalamic sup-
ply. The type III variation presented in our case (Figs. 1d-g 
and 2), defined as an artery bridging the P1 segments of 
both PCAs and giving origin to thalamoperforating arteries 
[16, 19, 24] was reported even rarely than AOP [14], but 
a single anatomical report on cadaver dissection found an 
anastomosis connecting the right and left P1 PCA in 10% of 
cases [11, cited by 25]. Then, it received less attention in the 
literature and its impact on the localization pattern of thala-
mus and midbrain infarction is less know. In the presented 
case an ischemic lesion involving the rostral midbrain, the 
paramedian thalamic and the anterior thalamic territory on 
the right side is showed with a neuroimaging appearance as 
single branch of the V sign described in AOP infarction [2, 
4]. DSA with 3D-RA allowed to image this variant and the 
anastomotic arcade between the P1 segments of the PCA on 
both sides with the main trunks of the perforating arteries 
are defined as arising from this arcade (Fig. 2). Moreover, 
it is possible to hypothesize that the presence of a type III 
variant prevented the bilateral extension of the thalamo-
mesencephalic infarction during the acute phase, when the 
right branch of the anastomotic arcade is supposed to be 
occluded. At the time of the DSA the arcade was patent, so a 
spontaneous recanalization may be proposed as hypothesis. 
The involvement of the tuberothalamic arteries (or anterior 
polar artery [24]) territory might be because paramedian 
perforating arteries supply it, as in AOP variant. Although 
the tuberothalamic arteries are usually branches of the 
PComA, their absence is not rare (one-third of individuals) 
[3, 9, 14]. In this case, the paramedian arteries or, even more 
commonly, the AOP, supply the anterior thalamic territory 
[15]. In our case, the type III variant supplied unilaterally 
the territory usually covered by AOP. In AOP infarction an 
asymmetric topography of the infarction among the two 
sides has been frequently reported (nearby to 90%) [29], 
so multiple combinations of anatomic variants [9, 17] and 
variant territories [3, 14, 29] may be supposed. However, 
we cannot exclude the possibility of a patent arcade with an 
occlusion of multiple ipsilateral thalamoperforating arteries 

from the P1 PCA and supplying the paramedian territory 
of the bilateral thalami and the rostral midbrain [24]. The 
embryological basis of AOP and the other variations of the 
P1 PCA branches is not well understood, but two different 
hypotheses were proposed: (I) an asymmetrical fusion of 
longitudinal neural arteries (LNA) at the BA tip [10, 21]; 
(II) an incomplete regression of primitive trigeminal arter-
ies at the vertebrobasilar junction [28]. However, the AOP 
naming is a misnomer, because Percheron described four 
different variants and the one known as AOP is better identi-
fied as the variant IIb. The attention raised by the variant IIB 
led to substantially neglect the other variants [2, 4, 16, 22], 
but they might also be relevant in neurovascular practice, 
as outlined by our case, showing a different variant (type 
III in the classification of Percheron) [24], i.e. an arcade of 
perforating branches arising from an artery bridging the P1 
segments of both PCAs [16, 19]. This variation could be 
considered as a fenestration of the BA tip resulting from 
an incomplete fusion of the LNA [27], accordingly with 
the hypothesis of Lasjaunias [12], who described thalamo-
perforating arteries as a collicular group of arteries origi-
nating from the distal portion of the caudal division of the 
ICA. Then, type III of Percheron’s artery may result from 
an incorporation of collicular arteries of Lasjaunias into a 
fenestrated BA tip during the fusion of the caudal division 
of the ICA with the vertebrobasilar system.

An occlusion of the AOP usually causes an ischemic 
lesion involving the paramedian thalamus bilaterally and 
sometimes the rostral midbrain (57%) and/or the anterior 
thalamus (19%) in the territory usually supplied by tuber-
othalamic perforating arteries [14]. Indeed, the classical 
appearance of the AOP infarction, involving bilaterally both 
upper midbrain and paramedian thalamus, is rare in the pub-
lished case series of AOP infarctions and defines a “V” sign 
in coronal plane.

While in the past, the possibility of defining the supplying 
pattern of the anterior thalamo-perforating arteries derived 
from cadaveric dissection studies [24], actually DSA, in 
particular with three-dimensional rotational angiography 
(3D-RA) and Minimum Intensity Projection/MultiPlanar 
Reconstruction (MIP/MPR) allows to directly imaging per-
forating vessels [9, 15]. In our case, the infarct’s location 

Fig. 2   Variants of the paramedian 
thalamic and midbrain supply 
according to Percheron [24]. BA: 
basilar artery; M: midbrain; PCA: 
posterior cerebral artery; Th: 
thalamus
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arising from the arc. Both hypotheses are possible, because 
the infarct affected the territory of the ipsilateral thalamo-
perforating arteries downstream of its origin from the arch 
and it is not possible to distinguish between hypoperfusion 
due to the occlusion of the arcade and hypoperfusion due to 
the occlusion of the perforating branches arising from the 
arcade. In general, SVD is associated to the occlusion of 
a single perforating artery, so, being on our case the final 
infarct location more probably related to more than one per-
forating vessel territory, a transient occlusion of the right 
limb of the arcade between the two P1 PCA can be consid-
ered more probable in our case, although not demonstrated.

Therefore, in the presented case the identification of a 
Type III Percheron variant allowed to consider the hypothe-
sis of a medium vessel rather a small vessel occlusion as the 
main occlusive pattern of our patient, guiding the diagnos-
tic pathway towards the identification of an embolic source 
(not found) and the exclusion of a P1 PCA involvement (e.g. 
an intracranial dissection).

Conclusions

The use of increasingly efficient angiographic techniques 
could help to define the anatomical and hemodynamic fac-
tors involved in thalamic stroke. Finally, the knowledge and 
identification of the above-described variants might be of 
utmost relevance in acute stroke treatment, because variants 
IIb and III defined the occlusion of medium-sized branches 
and not of single or multiple perforating branches.
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