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Abstract. 
The recurrent artery of Heubner (RAH) is the largest vessel of the medial lenticulostriate arteries. It supplies many deep structures, mainly the corpus striatum, the globus pallidus, and the anterior crus of the internal capsule. The aim of the present paper was studying the morphological variations of the RAH and its diameter in relation to different areas of origin. The series contained the records from 183 formalin-fixed adult human brains. The calibrated digital images of the studied brains were evaluated and measured by Image J, which can calculate the number of pixels and convert them to metric measures. The RAH arose most often from the postcommunicating part of the anterior cerebral artery (47.81%). It originated from the precommunicating part of the anterior cerebral artery in 3.55% and at the level of the anterior communicating artery in 43.4% of cases. The RAH was missing in 5.19% and doubled in 6.28% of cases. The mean outer diameter of the RAH was 0.6 mm. The maximal measured diameter was 1.34 mm, and the minimal diameter was 0.19 mm. The awareness of the various anatomical and morphometric variations of the RAH is essential in planning the neurosurgical procedures to avoid unexpected neurological complications.


1. Introduction
Since 1872, when the German pediatrician Johann Otto Leonhard Heubner described a constant small artery arising from the base of the anterior cerebral artery and supplying blood to the head of the corpus striatum [1, 2], that vessel has gained the attention of many researchers. Various terms were used to sign this artery. It was named as the anterior striate artery, the long telencephalic artery, or the long centralis artery [3]. The latest anatomical nomenclature marked the vessel as the distal medial striate artery [4]. Aitken (1909) labeled the vessel for the first time as Heubner’s artery. Joseph Shelleshear elaborated the well-known term “recurrent artery of Heubner” in 1920 [1].
The surgical terminology is dividing the anterior cerebral artery (ACA) into A1—precommunicating portion; A2—from the anterior communicating artery (ACoA) until the callosomarginal artery; and A3—distal to callosomarginal artery [5]. The central or the perforating arteries are small branches of the circle of Willis. These arteries are supplying the deep structures of the brain. They penetrate the brain mostly at the anterior or the posterior perforating substances [5].
The recurrent artery of Heubner (RAH) is usually the largest of the perforating medial lenticulostriate arteries branching from ACA. The RAH is branching from A1, from A2, or at the junction of ACA-ACoA [2, 6]. Later the artery turns posteriorly and runs parallel and is anterior to A1. It penetrates the lateral portion of the anterior perforating substance [7]. The course of the RAH is closely related to the posterior portion of the orbitofrontal cortex and mainly to the gyrus rectus [6, 8]. The artery passes inferiorly and laterally to the origin of olfactory striae before reaching the anterior perforating substance [3].
The RAH supplies blood to the medial portion of the orbitofrontal cortex, the anterior portion of the caudate nucleus, the anterior third of the putamen, the external segment of the globus pallidus, and the anterior crus of the internal capsule [1, 2, 6, 8, 9]. The artery also supplies the olfactory region, the anterior hypothalamus, the nucleus accumbens, parts of the uncinate fasciculus, the diagonal band of Broca, and the basal nucleus of Meynert [3, 8, 10–12].
The anatomical variation of RAH is related to its number, presence, or absence, and the diverse origin from ACA is of considerable clinical impact mainly from the point of view of the surgical procedures involving the anterior portion of the circle of Willis or the topographically related structures. The aim of this work was to study the anatomical anomalies of the RAH and its diameter in relation to different points of origin.
2. Methods
The work contains records from 183 adult human brains (366 hemispheres) obtained from the Institute of Anatomy, Faculty of Medicine, Comenius University in Bratislava. The specimens were dissected in the period from 2002 to 2010. Following their removal from the cranial cavity, they were fixed in solution of formalin and benzyl alcohol. The arachnoid was carefully removed from the base of each brain to assess the circle of Willis and its branches. The dissected brains were documented with an Olympus digital camera (model: Camedia C-5050). The images were calibrated by applying a plastic ruler in situ. We used the image processing software Image J (U.S. National Institutes of Health) to study and analyze the images. The calibrated ruler formed a spatial scale to determine the known metric measure in each image. According to these data Image J was able to determine the image distances in metric unit by calculating the pixel differences.



The RAH point of origin, possible abnormalities or variations, and its external diameter were evaluated and analyzed in each brain. Due to the fact that the measurements were carried out on formalin-fixed brains, we have to calculate with 5–10% reduction in vascular diameter [2].
3. Results
The RAH originated from the precommunicating portion—A1—in 13 hemispheres (3.55% of cases). The A2 was the portion of origin of the artery in 175 hemispheres (47.81% of cases). The artery branched at the junction of ACA-ACoA in 159 hemispheres (43.4% of cases). The RAH was missing in 19 hemispheres (5.19% of cases) (Figures 1, 3(a), 3(b), and 3(c)).
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(b)
Figure 1: The areas of origin of the recurrent artery of Heubner. (a) The right recurrent artery of Heubner (RRAH) arose from A2; the left vessel (LRAH) originated at the junction of ACA-ACoA. (b) The right recurrent artery of Heubner (RRAH) originated from A1; the left vessel (LRAH) arose from A2. A1—precommunicating part of anterior cerebral artery (ACA); A2—postcommunicating part of ACA; ACoA—anterior communicating artery; IC—internal carotid artery; PCoA—posterior communicating artery; PCA—posterior cerebral artery; BA—basilar artery.


The RAH was single in 88.5% of cases (324 hemispheres) and doubled in 6.28% of cases (23 hemispheres). The artery was bilaterally doubled in 5 brains. We observed unilateral duplication of the vessel in 13 hemispheres. The RAH originated as a single vessel, which later bifurcated, in 13 hemispheres. The doubled vessels separately branched from ACA in 10 hemispheres (Figures 2, 3(d), and 3(e)). The doubled RAHs arose from two portions of ACA in 1 hemisphere (from A1 and at the junction of ACA-ACoA).




