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Abstract 

Relatively few studies have been performed that comment on the morphology of the choroid 

plexus of the fourth ventricle. With this tissue’s importance as a landmark on imaging and during 

surgical intervention of the fourth ventricle, the authors performed a cadaveric study to better 

characterize this important structure. The choroid plexus of the fourth ventricle of sixty formalin 

fixed adult human brains was observed and measured. The horizontal distance from the midline 

to the lateral most point of the protruding tip of the horizontal limbs was measured. In the 

majority of the sixty brain specimens, right and left horizontal limbs of the choroid plexus were 

seen extending from the midline and protruding out of their respective lateral apertures of the 

fourth ventricle and into the subarachnoid space. However, on 3.3% of sides, we found absence 

of an extension into the foramen of Luschka and in one specimen, this lack of extension into the 

foramen of Luschka was bilateral. On two sides, there was discontinuity between the midline 

choroid plexus and the tuft of choroid just outside the foramen of Luschka. For specimens in 

which choroid plexus did protrude through the foramen of Luschka (96.7%), these tufts were 

located anterior to the flocculus and inferolateral to the facial/vestibulocochlear nerve complex 

and posterosuperior to the glossopharyngeal/vagal/accessory complex. A thorough understanding 

of the normal and variant anatomy of the fourth ventricular choroid plexus is necessary for those 

who operate in or interpret imaging of this region. 
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Introduction 

Surgically and pathologically, knowledge of the anatomy of the choroid plexus is 

important. This tissue is composed of two inverted, L-shaped, highly branching vascular tufts, 

which hang from the tela choroidea inferiorly and project into the cavity of the fourth ventricle 
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where they are separated from the true cavity by the epithelial lining of the roof. Furthermore, 

the two ends of the plexus extend beyond the fourth ventricle into the cerebellopontine angle 

proximally and cerebellomedullary fissure distally. The three-dimensional anatomy and the 

relationships of this choroid plexus are complex owing to the intricate morphology of the fourth 

ventricle, cerebellomedullary fissure and cerebellopontine angle.  

The choroid plexus of the fourth ventricle is a landmark structure during neurosurgical 

approaches and is sometimes seen on neuroimaging (Figs. 1-3). This tissue is used as a landmark 

structure during retrosigmoid approaches for auditory brainstem implantation [2]. However, few 

anatomical studies have been performed on this structure with almost none making comments 

regarding its anatomical variations. Therefore, the present review and anatomical study were 

conducted to better understand this structure of the fourth ventricle.  

Material and Methods 

  The choroid plexus of the fourth ventricle of sixty formalin fixed adult human brains was 

studied. The fourth ventricle was opened and the choroid plexus identified. The horizontal 

distance from the midline to the lateral most point of the protruding tip of the horizontal limbs 

was measured. To measure the length of lateral limbs, a thread was placed along the horizontal 

limbs.  The junction of the vertical and horizontal limbs as well as the end of the horizontal limbs 

was marked on the thread. The length of this marked segment of thread was then measured. All 

measurements were performed with a digital caliper with a precision of 0.02 mm (Mitutoyo, 

Japan). Statistical analysis was made using Statistica for Windows with significance set at 

p<0.05. 

Results 

  In the majority of the sixty brain specimens, right and left horizontal limbs of the choroid 

plexus were seen extending from the midline and protruding out of their respective lateral 

apertures of the fourth ventricle and into the subarachnoid space (Fig. 4). The mean distance of 

the lateral most point of the protruding tip of right and left horizontal limbs from the midline was 

18.15mm (6.03-25.22 mm) and 7.96 mm (12.33-24.05 mm), respectively with a combined mean 

of 18.36 mm (12.77-24.67 mm). Paired t test showed no significant difference between right and 

left sides (p>0.05). After exposing the choroid plexus, the mean length of the right horizontal 
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limb was 25.43 mm (range 18.36-32.34 mm). The average length of the left horizontal limb was 

22.94 mm (range 18.46-28.70 mm). The mean length of the right limb was greater than the left 

limb. A paired t test was applied. The length of the right and left horizontal limbs was found to 

differ significantly (p value <0.001). On four sides (3.3%), we found absence of the extension 

into the foramen of Luschka (Fig. 5) and in one specimen, this lack of extension into the foramen 

of Luschka was bilateral (Fig. 6). On 2 sides (1.7%) we observed a disconnection between the 

medial and lateral extensions of the choroid plexus (Fig. 7). For choroid plexus that did protrude 

through the foramen of Luschka (96.7%), these tufts were located anterior to the flocculus and 

inferolateral to the facial/vestibulocochlear nerve complex and posterosuperior to the 

glossopharyngeal/vagal/accessory complex.   

 

Discussion  

Embryology 

During development of the fourth ventricle, a transverse fold, the plica choroidea, 

appears. This structure begins in the midline and subsequent smaller folds grow from its edges. 

With continued growth of the hindbrain, the now choroid plexus, which begins in an 

extraventricular location, increases in width [9]. Interestingly, this extraventricular location may 

be maintained in the Chiari II malformation [18]. At the 7th week of development, alterations in 

the roof of the rhombencephalon are important in the development of cerebrospinal fluid 

containing chambers within the brain. During this time, the mesoderm dorsal to the 

rhombencephalon is vascularized, and this is followed by infolding of the choroid plexus of the 

future fourth ventricle and division of the roof of the rhombencephalon into cranial and caudal 

parts. The structure of the tela choroidea inferior is composed of a duplicated layer of pia mater 

brought together by opposition of the inferior surface of the cerebellum to the dorsal surface of 

the developing medulla oblongata. At stage 19, choroid villi are seen in the fourth ventricle, and 

a mesencephalic evagination is detectable [11]. 

Histology 
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Histologically, the choroid plexus is a villous structure composed of highly branching 

tufts of blood vessels in a collagenous stroma covered by cuboidal or columnar epithelial cells 

overlying a basal lamina. The vascular tufts are thin-walled, large and fenestrated (sinusoid), and 

epithelial cells contain long bulbous microvilli on the luminal surface. The tela choroidea inferior 

is formed by reduplication of pia mater by an arachnoid layer carrying a plexus of small blood 

vessels [8]. The epithelial cells covering the choroid plexus are derived from the ependymal 

lining of the ventricles.  

Anatomy 

The tela choroidea inferior (of the fourth ventricle) forms the roof of the lower half of the 

fourth ventricle. The tela is devoid of an arachnoid component.  Above (in front of) the foramen 

of Magendie, the branches of the posterior inferior cerebellar artery within the tela choroidea 

inferior invaginate the epithelial lining of the tela to form two paramedian, linear longitudinal 

strands (choroid plexus of the fourth ventricle), projecting into the fourth ventricular cavity. The 

vessels of the paramedian strands communicate proximally at the base of the tela below and the 

inferior medullary velum and then run transversely and laterally to pass behind the restiform 

bodies and evaginate through the tela. The lateral prolongations of the choroid plexus, which are 

covered by the epithelial remnants of the tela (accompanied by the prolongation of the lingula), 

form two “grape-shaped” or “cauliflower-like” masses [14]. These tufts of choroid plexus 

protruding through the foramina of Luschka are referred to as Bochdalek’s flower baskets 

(Blumenkörbchen). Some [6] have also referred to these lateral most extensions as “cornucopia.” 

Anatomical Variations 

Variations of the normal morphology of the choroid plexus of the fourth ventricle have 

been rarely reported. Although the presence or absence of calcified choroid plexus or the shape 

of the distal extension through the lateral apertures has been mentioned in the literature (see 

below), other details of this structure’s variations are lacking in the literature. In the present 

cadaveric study, on two sides (1.7%), we observed a disconnection between the medial and 

lateral extensions of the choroid plexus (Fig. 7). On four sides (3.3%), we found absence of 

extension into the foramen of Luschka (Fig. 5) and in one specimen, this lack of extension into 

the foramina of Luschka was bilateral (Fig. 6).  
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Topography 

The topography and relationships of the choroid plexus of the fourth ventricle are 

important to neuroradiologists and neurosurgeons (Table 1). The lateral segment of the choroid 

plexus is closely related to the flocculus. Matsushima et al. [11] divided the choroid plexus into 

two topographically-related medial and lateral segments, each further subdivided into two parts, 

collectively constituting four parts, namely, caudal or tonsilar, rostral or nodular, medial or 

peduncular part, and lateral or floccular parts. The medial segments are located sagittally at each 

side of the midline of the inferior part of the roof and extends from the level of the nodule (which 

forms the central area at the most rostral part of the inferior half of the roof) to the caudal vermis 

through the foramen of Magendie. The lateral segment extends transversely and laterally from 

the rostral end of the medial segment along the telovelar junction (line of attachment between 

tela choroidea inferior and inferior medullary velum) and passes through the lateral recess and 

foramen of Luschka to project into the cerebellopontine angle below the flocculus [3]. The 

nodulus is partly covered by the choroid plexus.  The medial horizontal segments projects 

ventrally and slightly superiorly, overlapping the inferior medullary velum [6]. The lateral most 

tufts project outwards between the roots of the vestibulocochlear nerve superiorly and the 

glossopharyngeal nerve inferiorly. Ventrally, the lower surface of the tufts is crossed by the roots 

of the glossopharyngeal nerves and upper roots of the vagus nerve and this relationship has been 

used as an anatomical landmark for identifying these nerves [13,16,17]. The caudal ends of the 

choroid plexus attenuate at the level of the foramen of Magendie, and the epithelial roof from 

which they originate is stretched backward in contact with the undersurface of the cerebellum 

[14]. 

 

Vasculature 

Matsushima et al. [11] noted that the anterior inferior cerebellar artery (AICA) commonly 

supplies the lateral two-third of the lateral segment of the choroid plexus, and the posterior 

inferior cerebellar artery (PICA) supplies the medial one-third of the lateral segment and entire 

medial segment. They also noted that in rare instances, the superior cerebellar artery also supply 

a branch to the flower basket of Bochdalek. In a series of 15 dissections, Sharifi et al. [15] found 
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that in the majority of specimens, the lateral horizontal segment of the choroid plexus was 

supplied by the branches of the ipsilateral AICA (within the CP angle) while the medial 

horizontal, rostral and caudal sagittal segments are chiefly supplied by the branches of the 

ipsilateral PICA. Contralateral PICA and AICA may rarely supply branches to the medial 

horizontal, rostral and caudal sagittal segments [5]. Table 2 shows the arterial supply to the 

different segments of the choroid plexus of the fourth ventricle (Fig. 8). 

 The vein of the lateral recess of the fourth ventricle collects venous outflow from the 

choroid plexus and drains primarily cranially to reach the petrosal vein, which then drains into 

the superior petrosal sinus.  

Imaging 

Hayman et al. [4] have described overlapping scans in the orbital plane after contrast 

infusion as the best way to image the choroid plexus of the fourth ventricle on CT. Horsburgh et 

al. [6] investigated 100 individuals with normal pre- and post-contrast head CT scans and 100 

individuals with normal post-contrast T1-weighted MR images. They classified Bochdalek’s 

flower baskets based on shape (bulbous versus flat), lateral extension (prominent extension or 

full bouquet vs. moderate extension and symmetry as well as calcifications. On contrast-

enhanced MRIs, the flower baskets were bulbous in 54%, flat in 40% or both in 6%. Bilateral 

symmetry was notable in 80% of study individuals. The lateral extension was prominent in 96%, 

moderate in 2% and slight in 2%. The mean anteroposterior diameter of the flower baskets was 

3.5 mm. On CT scans, various degrees of calcification were found in 38% older than 51 years of 

age, with a heavy calcification in 6%. Notable in this study was the relationship between the 

Bochdalek’s flower baskets and vertebral artery. In 17 of 200 (8.5%) individuals studied by 

contrast-enhanced images, the vertebral artery was in close proximity to the flower baskets, more 

on the left side than on the right owing to the tortuosity in the course of the left vertebral artery. 

Bochdalek's flower basket may give rise to a choroid plexus tumor in the cerebellopontine angle 

[7]. A flower basket with prominent bulbous appearance, asymmetry, calcification or heavy 

enhancement on the imaging may occasionally lead to misdiagnosis of aneurysm or 

cerebellopontine angle tumor [6].  
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On MRI and ultrasound, Mudhukar et al. [10] found the mean thickness of the choroid 

plexus of the fourth ventricle was 2.5 mm with the length of the lateral limb measuring 11.3 mm. 

About 35% of the time, Bradac et al. [1] identified the choroid plexus of the fourth ventricle on 

lateral vertebral angiograms.   

 

 

Conclusions 

A thorough understanding of the normal and variant anatomy of the fourth ventricular 

choroid plexus is necessary for those who operate or interpret imaging of this region. We 

identified variations of the choroid plexus of the fourth ventricle that to our knowledge, have not 

been previously reported. Knowledge of this anatomy will hopefully minimized misdiagnosis or 

confusion during surgical approaches to the fourth ventricle.  
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Figure Legends:  

Figure 1: Sagittal cadaveric view of the choroid plexus of the fourth ventricle (arrow). 

Figure 2: T1-weighted sagittal MRI illustrating the choroid plexus of the fourth ventricle (arrow). 

Figure 3: T2-weighted sagittal MRI illustrating the choroid plexus of the fourth ventricle (arrow). 

Figure 4: Ventral surface of the brain with opened fourth ventricle. Note the typical appearance 

of the choroid plexus of the fourth ventricle with its midline attachment and extensions 

bilaterally into the foramina of Luschka.  

Figure 5: Dorsal view of the exposed fourth ventricle. Note the typical extension of choroid 

plexus from the midline and laterally into the foramen of Luschka on the left (arrows) and lack 

of such an extension on the right side. 

Figure 6: Dorsal view of the exposed fourth ventricle illustrating bilateral lack of extension of 

the choroid plexus into the foramina of Luschka. 

Figure 7: Ventral view of the exposed fourth ventricle. Note the discontinuity between the 

midline choroid plexus (CP) and the laterally positioned choroid plexus (CP) leaving the left 

foramen of Luschka. The brackets encompass the foramen of Luschka. 

Figure 8: Exposed roof of the fourth ventricle (pin exiting the foramen of Magendie) noting the 

inferior medullary velum with attached choroid plexus. This latex injected specimen (not part of 

the present study) illustrates the arterial supply of the choroid plexus of the fourth ventricle. 

Additionally, note that the midline choroid plexus does not have lateral extensions into the lateral 

recesses as seen in one of our studied specimens.  
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