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The anatomical terms Plexus chor(joideus (CP) and Tela chor(i)oidea (TC) are
listed without explanations in the official nomenclature handbooks Terminologia
Neuroanatomica and Nomina Anatomica Veterinaria. Definitions of CP and TC
exhibit discrepancies in medical dictionaries and anatomy handbooks. The aim of
our study was to analyse this problem in detail and to discuss a possible unified
use of the terms in science and teaching.

The authors conducted a systematic literature review based on the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses, identifying and analysing rel-
evant scholarly articles. Additionally, comprehensive original handbooks on human
and veterinary anatomy in English and other European languages were examined.
The definitions of the terms CP and TC differed considerably between articles and
did not match the most frequently given explanations in handbooks. In general
use, it seems to have become accepted that TC represents the smooth, thin part
of the roof of the third and fourth ventricles, and CP the frond- or fringe-like
vascularised structures invaginated into the lateral, third and fourth ventricles.
However, it is controversial which tissue layers should be included in their de-
scription. Etymologically, only the vascular network should be termed (choroid)
plexus, but embryologically and functionally, epithelium, pial connective tissue,
and vascular network form an inseparable entity. Similarly, the smooth part of
the ventricle roof consists of a (less) vascularised pia-derived stroma and lining
epithelium. Including all these layers in the definition of CP as well as TC might be
advisable and also corresponds to the use of the terms in clinical context. (Folia
Morphol 2024; 83, 4: 757-770)
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INTRODUCTION ro)anatomical nomenclature Terminologia Neuroana-

The anatomical terms Plexus chor(i)oideus (cho- tomica [34] and Nomina Anatomica Veterinaria [111].
roid plexus, CP) and Tela chor(i)oidea (TC) are both The recently updated Terminologia Neuroanatom-
listed without further explanations or definitions in ica (integrating the chapter on nervous tissue of the
the official handbooks on human and veterinary (neu- formerly separate human histological nomenclature)
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Figure 1. Plexus choroideus ventriculi quarti of an adult dog — detail of one villus. Histological section, (A) haematoxylin-eosin, (B) van
Gieson staining. Note the considerable amount of connective tissue (shown in pink in B) surrounding the vascular network, and the cuboidal

epithelium covering the villus. Scale bar: 50 um.

assigns TC and CP to the same level of hierarchy, both
subordinate to the term Pia mater cranialis. Termin-
ologia Neuroanatomica specifies Plexus choroideus
ventriculi quarti, tertii, and lateralis, but only Tela
choroidea ventriculi quarti and tertii.

Similarly, Nomina Anatomica Veterinaria lists Tela
choroidea ventriculi quarti, Tela choroidea ventriculi
tertii, and Plexus choroideus ventriculi quarti, tertii,
and lateralis at the same hierarchical level immediately
subordinate to Pia mater encephali. Additionally, Tela
choroidea ventriculi quarti is immediately subordinate
to the entry Ventriculus quartus and Tela choroidea
ventriculi tertii to the entry Diencephalon. The Nomina
Anatomica Veterinaria do not list CP under the entries
for the single ventricles or brain parts.

Nomina Histologica Veterinaria [51] assigns the
term Plexus choroideus to the same level of hierarchy
as Pia mater, but TC as subordinate to CP.

From an etymological point of view, “plexus”
means braid or plexus, in anatomy an interlacing of
nerves, vessels, or fibres [102]. Thus, in case of the
CP it should designate the capillary net of the cauli-
flower-like structures in the fourth, third, and lateral
ventricles. However, usually it seems to be used for
the complete cauliflower-like structure or at least
for more than one of its layers (Fig. 1) [e.g. 43, 50,
52, 95, 107]. The Latin word “tela” (web, loom) des-
ignates “tissue layer”, not providing any linguistic
clue for the actual structure. As an English equivalent,
choroid membrane is suggested [34].

Neither Terminologia Neuroanatomica nor Nomi-
na Histologica Veterinaria provide any information on
layers or tissues forming TC or CP, except listing the
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existence of a choroid epithelium (Epithelium plexus
choroidei [51] or Epithelium choroideum [34]) with
choroid epithelial cells (Ependymocytus choroideus
[34, 51] or Epitheliocytus choroideus [34]) for the
CP, but not the TC.

Even in medical dictionaries, definitions of TC
and CP differ slightly or are incomplete. The Web-
ster-Merriam Medical dictionary [76, 77] defines TC
as a fold of Pia mater roofing a ventricle of the brain,
and the CP as a highly vascular portion of the Pia
mater that projects into the ventricles and secretes
cerebrospinal fluid. The French Vocabulaire Médical
[28] does not provide any definition of CP, but lists
TC (toile choroidienne) of the fourth and third ven-
tricle as large folds of the Pia mater that invaginate
into the crevice between the lower surface of the
cerebellum and the roof of the fourth ventricle or
into the Fissura transversa of the brain, respectively.
The English as well as the French medical dictionary
disregard the choroid epithelium. According to the
German Pschyrembel [89], TCis a structure consisting
of the roof of the third and fourth ventricle together
with the Pia mater, forming the basis for the CP. CPs
are defined as “vascular networks; structures rich in
vessels and nerves derived from the pia mater and
invaginated into the ventricles, their villous surface
being covered with ependyma”.

Similar discrepancies could be found when per-
forming a cursory search in handbooks on human
and veterinary anatomy.

There are few analyses of the terminology of
CP [29 and selected references therein], but to our
knowledge, there has been no overview defining
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Figure 2. Flow chart illustrating the exclusion process for publications (adapted from PRISMA guidelines [79]).

both CP and TC and explaining their relationship.
The inconsistencies in CP and TC nomenclature have
been pointed out before [102]. To research this issue,
we conducted a systematic literature review to find
publications using both terms and analysed how
they are characterised and differentiated. Compre-
hensive original handbooks on human and veterinary
anatomy in English and other European languages
were included in the search. The aim of our study
was to provide a suggestion on how to unify the
use of the respective terms CP and TC in science
and teaching.

MATERIALS AND METHODS

As suggested for evidence-based anatomy studies
[45], the material was identified and analysed based
on the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines [79].

The database Scopus® was searched using the
following search strings:

TITLE-ABS-KEY (plexus W/5 chorioid*) AND TI-
TLE-ABS-KEY (tela W/5 chorioid*), TITLE-ABS-KEY
(plexus W/5 chorioid*) AND TITLE-ABS-KEY (tela
W/5 choroid*), TITLE-ABS-KEY (plexus W/5 cho-
roid*) AND TITLE-ABS-KEY (tela W/5 chorioid*),
TITLE-ABS-KEY (plexus W/5 choroid*) AND TITLE-ABS-
KEY (tela W/5 choroid*). The phrasing ensured that
both CP and TC were featured in a prominent posi-
tion, i.e. in either title, abstract, or keywords, regard-
less of the spelling (choroid-/chorioid-), in English as
well as in Latin (Plexus choroideus/choroid plexus). A
preliminary search using equivalent search strings in
Pubmed® yielded fewer results without differences
to the Scopus search. Therefore, only Scopus results
("articles”) were subjected to further analysis. No time
limit was set for the search, which was carried out
on 23/08/2022. Additionally, comprehensive original
handbooks (“handbooks”) on human and veterinary
anatomy in English and other European languages
were identified, excluding translations (Fig. 2).
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All publications were screened as shown in Figure 2.
Duplicates that had to be excluded arose from the use
of only slightly differing search strings. Other formal
reasons for the exclusion of publications from further
analysis were the language (Japanese), ineligible for-
mat (video), and unavailability of full text.

A total of 86 publications were analysed in detail.
The publications were classified according to their
type and their main scientific field, separately for hu-
man and veterinary medicine. They were searched for
the terms CP and TC and directly written or indirectly
implied definitions for both terms, including their
possible synonymous use. The results of this analysis
were recorded.

Translation of relevant paragraphs was necessary
for all languages except English and German. Sources
in Slavic languages were translated by KW, all other
sources by MK.

Statistics

The use of the terms CP and TC and, if given,
their definitions were summarised and sorted into
categories based on similarities of the record entries.
The acquired data were analysed using descriptive
statistics. The frequency of use of each definition
and of the combination of CP and TC definitions
was determined in relation to the total number of
publications. The resulting percentages were repre-
sented using diagrams. Handbooks and articles were
analysed separately as well as combined. Additionally,
the publications were divided into groups by their
scientific disciplines, countries of origin, and decades
of publication and evaluated as described above.

RESULTS

In total, 86 publications were analysed, including
28 handbooks [3, 4, 8, 10, 14-16, 20, 25, 30, 32, 33,
38, 42, 55-57, 63, 82, 84, 86-88, 96, 97, 101, 104,
106] and 58 articles (48 original articles [1, 2, 5-7,
18, 19, 21-24, 26, 27, 31, 37, 39, 40, 43, 44, 46,
47,49, 50, 52-54, 59, 62, 64, 66-75, 78, 79, 81, 95,
99, 102, 105, 107-110], 9 case reports [9, 11, 13,
17, 36, 48, 60, 90, 94] and one book chapter [6]).
Publication dates of articles ranged from June 1927
[44] to December 2021 [95, 108]. The oldest included
handbook was published in 1897 [16]. Languages of
handbooks included German [4, 10, 32, 56, 63, 86,
88, 101, 106], English [16, 30, 42, 84, 97], Czech [20,
57, 82], Serbo-Croatian [96], Romanian [38], French
[8, 15, 25, 104], Polish [14, 55], and Italian [3, 33].
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Articles included 28 authored by scientists from in-
stitutions in an English-speaking country [1, 2, 6, 9,
11, 17, 18, 24, 36, 39, 40, 44, 46, 47, 52-54, 59,
70, 72-75, 78, 94, 102, 105, 108], 12 in countries of
the Romance language family [5, 19, 22, 23, 49, 50,
66-69, 109, 110], 6 in Asia [37, 48, 64, 71, 81, 90,
95], 3 in a German-speaking country [26, 62, 99], 2 in
Africa [7, 31], 2 in Eastern Europe [21, 60], 2 in South
America [13, 107], and one in Scandinavia [43]. No
correlation was found between the country of origin
of the respective publication and use of definitions
for CP and TC.

While handbooks covered exclusively the nervous
system of humans and domestic mammals, articles
dealt with humans and different mammals, except
for 2 articles on frogs [53, 78] and 2 on zebrafish
[27, 37]. Articles on the fish brain [27, 37] had to be
excluded from further analysis because the anatomy
and development of the fish brain deviates signifi-
cantly from that of other vertebrates [35].

All handbooks mentioned the CP, but in 2 of them,
the term TC was not included [16, 30]. Similarly, all
articles mentioned the CP, but the term TC was found
in the text body of only 57 articles, the remaining
one listing the TC exclusively in the keywords [44].
In none of the 86 publications were both terms used
synonymously.

Based on the interpretation of the terms CP and
TC, the publications were classified into 11 categories
separately for each structure. The categories included:

only epithelium”, “epithelium and

epithelium, blood vessels and pia ma-
only blood vessels”, “only pia mater”, “surgical
wording”, “incomplete, but epithelium is mentioned as
a part”, “incomplete, but pia mater is mentioned
ncomplete, but epithelium and blood

"o

"no definition”,

"o

blood vessels”,

"nou

ter”,
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as a part”, “i
vessels are mentioned as parts”, and “non-pial-con-
nective-tissue”. For graphical presentation the 3 cate-
gories containing incomplete definitions were merged
into one. If not explicitly specified otherwise, the
phrasing “covered by epithelium” was understood
as including the epithelium. Two publications [30,
98] were put into 2 CP defining categories due to
different possible interpretations of the describing
phrases. Examples of the wording used to define CP
and TC for each category (excluding “no definition”)
are given in Table 1. A complete list can be found in
Supplement 1.

The number of occurrences of each definition is
shown in Figure 3. The most frequently used definition
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Table 1. Example phrases defining the terms Tela choroidea (TC) and choroid plexus (CP) for the categories the publications were

classified into.

Category

Wording example

CP, only epithelium [2, 36, 53, 54, 59, 70, 78]

TC, only epithelium [2, 4,7, 9, 30, 53, 54,
59, 64, 70]

CP, epithelium and blood vessels [4, 7, 46,
64, 66, 109, 110]

CP, pia mater, epithelium and blood vessels
[1,3,5,8,10,11,14, 15,17, 26, 30, 32, 33,
41,43, 48, 52, 56, 82, 86, 95, 101, 106, 107]

TC, pia mater, epithelium and blood vessels
8,10, 14, 21, 33, 43,72, 78, 82, 102]

CP, only blood vessels [20, 25, 38, 55, 68,
96, 97, 104]

CP, only pia mater [16, 57, 97, 102, 105]

TC, only pia mater [3, 14, 15, 24-26, 30, 32,
38, 41, 48, 50, 55-57, 60, 63, 75, 86, 90, 96,
97,101, 104-107]

TC, non-pial-connective tissue [20, 36]

CP and TC, surgical wording [22, 23, 39, 50]

CP. Incomplete definition [9, 24, 40, 44, 47,

“These ependymal cells eventually differentiate into the choroid plexus of the ventricular system” [36]

“The thin epithelial roof, the Tela choroidea ventriculi tertii, spans between the striae medullares of both
thalami” [4]

“Effectively, the choroid plexuses are formed by proliferation of the pial vessels accompanied, towards the
ventricle, by the ependymal membrane which covers them in their totality” [109]

“From the vascular layer of the leptomeninx, the pia mater, blood capillaries lower themselves villous and
knot-like into the thin walls and protrude into the ventricle. The capillary loops are covered by single-layered
ependyma and are called Plexus choroideus. The choroid plexus therefore consist of a lamina choroidea
epithelialis and lamina choroidea propria” [86]

“The wall of the brain ventricles consists only of a thin epitheial layer in these places — the lamina epithe-

lialis, which consists of adapted ependyma. The lamina epithelialis is covered on the outside by pia mater,

which is richly spanned by vascular networks; together lamina epithelialis and pia mater form the vascular
veil — the lamina choroidea [Tela choroidea]” [82]

“Considering a structural point of view, the choroid plexuses essentially are constituted of arterioles,
venoles and webs of capillaries of different calibres, irregularly curled up in themselves” [104]

“Two thickened portions of pia mater” [16]

“The Tela choroidea ventriculi quarti consists of two-layered pia mater, which inserts between the bottom
surface of the cerebellum and the roof part of the fourth ventricle” [63]

“The Tela choroidea is a plate of connective tissue covered from the ventricle side by ependyma and on its
surface by pia mater” [20]

After the choroid plexus was partially removed and the Tela choroidea divided and deflected, the floor of the
lateral recess of the fourth ventricle and the convolution of the dorsal cochlear nucleus became visible [23]

Anatomical studies employing light microscopy, transmission electron microscopy and scanning electron

62, 72,75, 81,90]

microscopy have been performed upon the choroidal epithelium. In addition, light and transmission elec-

tron microscopic and freeze fracture studies have been executed on the choroidal plexus capillaries” [62]

for the CP (24 x) was “epithelium, blood vessels and
pia mater” [1, 3, 5, 8, 10, 11, 14, 15, 17, 26, 30, 32,
33, 42, 43, 48, 52, 56, 82, 86, 95, 101, 106, 107]
while the TC was most frequently (26x) defined as
“only pia mater” [3, 14, 15, 24-26, 32, 38, 42, 48,
50, 55-57, 60, 63, 75, 86, 90, 96, 97, 101, 104-107].
Four definitions were only used for the CP [4, 7, 20,
24, 25, 30, 38, 40, 46, 55, 62, 64, 66, 68, 72, 75, 90,
96, 97, 104, 109, 110] while “non-pial-connective
tissue” was only used for the TC [20, 36]. It is no-
ticeable that 32 [1, 5, 6, 11, 13, 17-19, 31, 39, 44,
46, 49, 52, 62, 66-69, 71, 73, 74, 81, 84, 87, 88, 94,
95, 99, 108-110] and 20 publications [6, 13, 18, 19,
21, 31,49, 60, 63,67,69,71,73,74, 84, 87, 88, 94,
99, 108] did not define the CP and TC, respectively.

The various combinations of definitions for CP and
TC were also analysed. The most frequently occurring
combination, found in 9 handbooks [3, 14, 15, 32,
42,56, 86, 101, 106] and in 12 publications in total
[3, 14, 15, 26, 32, 42, 48, 56, 86, 101, 106, 107],
defined CP as consisting of epithelium, pia mater, and
blood vessels, while TC was defined as only pia mater.
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Six handbooks defined CP as solely blood vessels and
TC as only pia mater [25, 38, 55, 96, 97, 104], while
another 5 described both CP and TC as epithelium, pia
mater, and blood vessels [8, 10, 14, 33, 82]. The most
common combination in the articles was no definition
of both terms (14 publications) [6, 13, 18, 19, 31,
49, 67, 69, 71, 73, 74, 94, 99, 108], followed by 6
articles in which CP was defined as pia mater and TC
was left undefined [1, 5, 11, 17, 52, 95]. Five articles
defined both terms as epithelium [2, 53, 54, 59, 70],
a combination that was not used in any handbook.

There was an apparent difference regarding the
use of definitions for CP and TC when comparing
the handbooks and articles (Fig. 4). In the case of the CP
definition, “epithelium, blood vessels and pia mater”
was used in 47% of the handbooks [3, 8, 10, 14, 15,
30, 32, 33,42, 56, 82, 86, 101, 106] but only in 17%
of the articles [1, 5, 11, 17, 26, 43, 48, 52, 95, 107].
There was also a noticeable difference in defining the
CP as only blood vessels. While rather common in
the handbooks (27%) [20, 25, 30, 38, 55, 96, 97, 104],
only 2% of the articles [68] defined the CP in this way.
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Non-pial-connective-tissue

Incomplete, but epithelium and blood vessels are mentioned as parts

Incomplete, but pia mater is mentioned as a part

Incomplete, but epithelium is mentioned as a part

Surgical wording

Only pia mater

Only blood vessels

Epithelium, blood vessels and pia mater

Epithelium and blood vessels

Only epithelium

No definitione

0 5 10 15 20 25 30 35

Figure 3. Comparison of choroid plexus (CP, dark grey) and Tela choroidea (TC; light grey) definitions used in scientific publications. Note the
high number of publications not defining the terms. If the involved tissue components are specified, CP is most frequently described to include
the ependymal epithelium, whereas the TC does not.

A

| 47%
c
17%

Figure 4. Percentage of use for each definition of the terms choroid plexus (A, C) and Tela choroidea (B, D) differed among the individual
source types. A, B. Handbooks; C, D. Articles. Purple: no definition; orange: only epithelium; grey: epithelium and blood vessels; yellow: pia
mater, epithelium and blood vessels; light blue: only blood vessels; green: only pia mater; red: non-pial connective tissue; dark blue: surgical
wording; brown: incomplete definitions.
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Figure 5. Choroid plexus definitions (A) and Tela choroidea definitions (B) sorted by scientific discipline of the articles. Purple: no definition;
orange: only epithelium; grey: epithelium and blood vessels; yellow: pia mater, epithelium and blood vessels; light blue: only blood vessels;
green: only pia mater; dark blue: surgical wording; brown: incomplete definitions.

In the case of the TC definition, the most promi-
nent difference occurred for “only pia mater”, which
was the most common one in the handbooks (63%)
[3, 14, 15, 25, 32, 38, 42, 55-57, 63, 86, 96, 97,
101, 104, 106] while it only featured in 16% of the
articles [24, 26, 47, 50, 60, 75, 90, 105, 107]. The
percentage of publications without a definition for
the terms of interest was noticeably higher for articles
(28% and 52% for CP [6, 13, 18, 19, 21, 31, 49, 60,
67,69, 71, 73,74, 94, 99, 108] and TC [1, 5, 6, 11,
13, 17-19, 31, 39, 44, 46, 49, 52, 62, 66-69, 71, 73,
74, 81, 94, 95, 99, 108-110], respectively) compared
to the handbooks (13% and 11% for CP [63, 84, 87,
88] and TC [84, 87, 88], respectively). For both terms
the definitions used in articles were more diverse than
in the handbooks. None of the handbooks contained
incomplete definitions, while 17% (CP) [9, 24, 40,
44, 47, 62, 72, 75, 81, 90] and 4% (TC) [40, 47] of
articles did.

Of the 56 analysed articles, 13 (23%) could be
categorised as anatomical [21, 46, 49, 62, 66-69, 71,
105, 107, 109], 9 (16%) as case reports [9, 11, 13,
17, 36, 48, 60, 90, 94], 9 (16%) as clinical [7, 18, 19,
22, 23, 31, 39, 50, 108], 6 (11%) as embryological
[2, 53,54, 64,70, 102], 5 (9%) as histological [1, 24,
26, 46, 78], 4 (7%) as molecular biological [43, 52,
59, 81], one (2%) as physiological [44], and 10 (18%)
as pathological [5, 6, 40, 47, 72-75, 95, 99]. One
publication was classified into 2 fields of knowledge:
anatomy and histology [46]. Figure 5 demonstrates
the usage of the individual definitions for CP and TC
across the scientific disciplines. It can be noted that
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the “surgical wording” was used exclusively in clinical
publications [22, 23, 39, 50]. The definition “epitheli-
um only” predominated in embryological articles for
both CP and TC [2, 53, 54, 64, 70]. Otherwise, there
appeared to be no correlation between the usage of
the definitions and the scientific disciplines.

The change of use of the CP and TC definitions
over time is shown in Figure 6. A specific trend could
not be identified. However, the definitions used in
articles were generally more diverse than in the hand-
books, especially noticeable from the 1980s [2, 17, 40,
44, 49, 53, 54, 59, 60, 69, 70, 72, 78, 81, 109, 110].
Interestingly, before the 1980s the TC was generally
defined as pia mater in handbooks [16, 32, 38, 57,
97, 104, 106] but not in journal articles.

DISCUSSION

Our systematic review of the literature revealed
that the terms CP and TC are indeed used differently
in the scientific community, especially regarding the
inclusion or exclusion of the ependymal cover and
connective tissue of the pia mater.

The text corpus collected for this review is fraught
by a number of limitations that should be considered
during analysis. While the analysed articles contained
both keywords CP and TC, none of them specifically
addressed the difference between these structures
or the use of the terms. We are aware that several
relevant publications might have been overlooked if
the CP and TC did not occur in the title, keywords,
or abstract [e.g. 12, 80]. The search was limited as
described to compare the respective authors’ notion
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Figure 6. Changed use of choroid plexus (A) and Tela choroidea (B) definitions over time; left column: handbooks; right column: articles; n:
number of publications from the indicated decade. Purple: no definition; orange: only epithelium; grey: epithelium and blood vessels; yellow:
pia mater, epithelium and blood vessels; light blue: only blood vessels; green: only pia mater; red: non-pial connective tissue; dark blue: surgi-

cal wording; brown: incomplete definitions.

of both terms, even if no actual definitions were giv-
en. Furthermore, searching for single term definitions
would have yielded too many results for the intended
in-depth analysis over the complete period. A few
publications found by single term search discuss the
terminology of CP in detail [29 and references therein,
102], but to our knowledge, there is no equivalent
work on TC nomenclature.

The collection of handbooks proved quite diffi-
cult. Some relevant handbooks might have escaped
our attention. It was neither possible nor practical
to collect the first or the most recent editions of
the respective books. The oldest tomes were mostly
not available for lending and were usually corrected
and extended for later editions. The recent editions
were often shortened to meet the requirements of
a streamlined education in human and veterinary
medicine. We analysed therefore the newest but still
comprehensive handbook editions, or in the case
of rarer material, those that could be sourced. The
development of use of the terms CP and TC in books
over time (Fig. 6) has therefore only low informative
value. A cursory comparison of representative older
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and newer editions of one traditional handbook on
human [41, 42] and one on veterinary anatomy [85,
86] did not reveal any substantial differences. The
explanations of the terms CP and TC were extended
in [85, 86] but did not change in their meaning. In
[41, 42] the hitherto missing TC definition was added.
However, an in-depth historical analysis similar to a
recent discussion on the neuroanatomy of the fourth
ventricle would be desirable [98].

The interpretation of the wording used to define
CP and TC was often challenging. Sentence construc-
tions such as “the plexus is covered by a single layer of
epithelial cells” were generally understood to include
the epithelium in the forementioned structure [e.g.
46]. In the case of incomplete [9, 24, 40, 44, 47, 62,
72,75, 81, 90] or missing definitions (most surgical
publications), the actual meaning of the terms CP and
TC was deduced by implication as best as possible.
For the “incomplete” example given in Table 1 [62], it
seems that the authors include at least epithelium and
capillaries in CP, whereas no information on connective
tissue is given. Inconsistencies within the same source
were only a problem of the handbooks [14, 30, 97].
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In these cases, the various definitions within one
source were counted separately for numerical
analysis; for example, [97] was included in the
categories “only blood vessels” as well as “only
pia mater” for CP.

The main difference between explanations of CP
and TCin the analysed publications was the inclusion
or exclusion of layers or structures. The definitions
“vessels only” or “epithelium and vessels” were used
exclusively for CP, whereas both TC and CP have been
described to consist either only of pia mater, only of
epithelium or of epithelium, vessels, and connective
tissue (Fig. 3). While there was a preference of defini-
tions in handbooks (CP = “epithelium, blood vessels
and pia mater”, TC = “only pia mater”), the meaning of
the terms in articles was far more widespread (Fig. 4).
Moreover, there was no clear historical trend (Fig. 6).
It is therefore not possible to give a clear recommen-
dation for the definition of CP and TC based on the
frequency of use or historical development.

None of the analysed publications enlarged di-
rectly on the difference between CP and TC. In some
cases, the CP was thought to develop from the TC[54,
57], as a vascular plexus inside the invaginating TC
[42], or the TC was described as being involved in CP
formation [2, 7, 8, 10, 25, 26, 30, 32, 36, 38,42, 43,
48,55, 56, 64, 70, 81, 84, 86, 88, 101, 102, 106-108].
The preferred use of the terms by pathologists and
surgeons (e.g. “the choroid plexus was then partially
removed and the Tela choroidea divided and bent
back” [23]) implied a macroscopic distinction rather
than one based on the microstructure. A flat, thin
dorsal ventricle roof without nervous tissue would
be termed TC, whereas the complete cauliflower- or
frond-like structures invaginated into the ventricles
CP (see, e.g., [112] for illustrative mesoscopic pho-
tographs).

The question remains which of the tissue layers
shall be regarded as a part of CP and TC.

From an etymological point of view and follow-
ing the conventions of anatomical nomenclature (cf.
Plexus vasculosus, Plexus venosus; but also Plexus ver-
tebralis externus/internus, Plexus pampiniformis and
the nerve plexus), only the capillary network of the
cauliflower-like structures (and possibly the stromal
tissue surrounding them) should be termed CP [101].
However, this is only observed by a few publications
[20, 25, 38, 55, 68, 96, 97, 104] and does not meet
the customs, especially in surgical literature.
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From an embryological point of view, publications
discussing CP and TC ontogenesis in mammals [2,
42, 53, 54, 64, 70, 102, 103] agree on the general
developmental principles: The dorsal roof plate of the
cranial neural tube thins in certain regions, forming
a single layer of cells. The pia mater anlage with its
blood vessels adheres to them. Afterwards, the re-
sulting membrane invaginates into the fourth, third,
and lateral ventricles, forming cauliflower-like stromal
protrusions containing a prolific vascular net and
covered with specialised epithelial cells that are con-
tinuous with the ependymal lining of the ventricles.
From this point of view, CP as well as TC should both
either be defined as including vascularised connec-
tive tissue and neuroectodermal epithelium (for CP,
see [61, 92]), or both as connective tissue structures
excluding the epithelium.

From a functional point of view, there is very little
helpful information to distinguish the tissue compo-
nents of CP and TC. The CP has manifold functions,
primarily cerebrospinal fluid production [for review,
see 58, 65, 83, 91]. Both CP epithelium and vascu-
larised stroma play a central role in this process. The
latter provides the liquid component itself via its
fenestrated capillaries, while CP epithelial cells form
the blood-cerebrospinal fluid barrier, preventing para-
cellular transport of substances with their intercellular
junctional complexes and creating a unidirectional
flow of sodium, bicarbonate, and chloride via special
transporter molecules, which powers the transcellular
transport of water [65, 83, 91, 93]. Although the
CP epithelium is inseparable from the underlying
stroma from a morphological (Fig. 1) as well as from
a functional point of view, the stroma is sometimes
disregarded in CP definition [2, 54, 70].

In contrast to CP, there are virtually no publications
on TC function and the involved tissue components. If
at all, TC is simply regarded as a part of the ventricle
roof [98] involved in CP formation [2, 7, 8, 10, 25,
26, 30, 32, 36, 38, 42, 43, 48, 55, 56, 64, 70, 81, 84,
86, 88, 98, 101, 102, 106-108]. At least in its roof
function, epithelium as well as the pia-derived stroma
are involved to form the physical barrier.

The function of CP and TC therefore does not
provide any arguments for exclusion of tissue layers
in their definition. Both structures need epithelium as
well as their more (CP) or less (TC) vascularised stroma
to fulfil their role. Interestingly we could not find any
studies addressing possible differences between CP
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and TC epithelium, even if it is known that CP epithe-
lium differs considerably from “normal” ependyma
[see, e.g., 42, 59, 101]. TC epithelial cells seem a bit
smaller and denser than the large cuboid CP epithe-
lial cells, and some figures in respective publications
seem to show a differing metabolic equipment [100].

It remains to be ascertained if the ependymal
cells covering the CP differ in shape, molecular com-
position, and function from the ependymal cells of
the TC, and if the connective tissue stroma of both
structures can be differentiated from each other and
from the normal pia mater covering nervous tissue.

CONCLUSIONS

The definitions of the terms CP and TC differ
in different publications. It seems to have become
accepted that TC represents the smooth, thin part
of the roof of the third and fourth ventricles, and
CP the complete frond- or fringe-like vascularised
structures invaginated into the lateral, third, and
fourth ventricles, but it is controversial which tissue
layers should be included in their description. For CP,
only the vascular network should be termed plexus
from an etymological point of view, but embryolog-
ically and functionally, epithelium, pial connective
tissue, and vascular network form an inseparable
entity. Similarly, the smooth part of the ventricle
roof that can be identified macroscopically consists
of a (less) vascularised pia-derived stroma and lining
epithelium. Including all these layers in the definition
of CP as well as TC also corresponds to the use of the
terms in clinical context.
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