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Ambient cistern (AC) is a thin extension of the subarachnoid space surround-
ing the brainstem at the level of the mesencephalon and pons. Despite various
definitions, it constitutes an important landmark in clinical assessment of in-
tracranial volume reserve. Although it is indisputably useful, there exists no
defined standard for radiological examination for the dimensions and ranges
in specific age groups. This paper aims to describe the ambient cistern ana-
tomically and give the ranges of dimensions for proper radiological interpreta-
tion. The study was performed on 160 axial computed tomography (CT) exami-
nations of Polish children of both sexes, aged 1-18 years, admitted to the
hospital because of mild brain concussion. Pictures were made using a Sie-
mens 8-row CT scanner, without contrast administration. We estimated dis-
tances at the level of the pons and midbrain, based on axial cross-sections,
according to standard radiological protocol. The parameters included the width
of the AC in its anterior and posterior part, the width of the tentorial notch,
and the distance from the pons and sella. All measurements were analyzed
statistically with StatSoft Statistica 8.0 software. The average width of the AC
differs between age groups. It is greatest at 1-3 years (2.8 = 0.6 mm) and
lowest at 4-10 years (2.4 = 0.6 mm). AC is more likely to be greater in its
anterior part in boys. The distance from the sella to the pons is greatest in 1-3-
-year-old girls (6.9 = 1.3 mm), and the tentorial notch is widest in the 15-18-
-year-old group (24.6 = 2.4 mm). Dimensions of the AC correlate with intrac-
ranial reserve volume. This is particularly visible in the youngest children. Thin
and narrow AC is not always a sign of raised intracranial pressure. It may be
specific for the child’s age. (Folia Morphol 2010; 69, 2: 78-83)
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INTRODUCTION

The ambient cistern (AC), as a part of the sub-
arachnoid space, forms part of the complex cisternal
system surrounding the mesencephalon and pons at
the level above and below the tentorium cerebelli.
This fact makes the AC a structure composed of two
levels: supratentorial and subtentorial [4]. Each of
these parts is related anatomically to different struc-

tures of the brainstem and may be the location of
various pathologies. Its supratentorial part is related
to the quadrigeminal plate posteriorly, and the cere-
bral peduncles anteromedially. In the subtentorial part
it is bounded posteriorly by a ventral surface of pons
and anteriorly by the dorsum sellae and clivus.

The ambient cistern, however, is defined by many
authors in different ways. The classical description

Address for correspondence: T. Skadorwa, Department of Paediatric Neurosurgery, Bogdanowicz Memorial Hospital for Children,
Niektanska 4/24, 03-924 Warszawa, Poland, tel: +48 22 509 83 55, fax: +48 22 672 78 43, e-mail: tskadorwa@wum.edu.pl



T. Skadorwa et al., Radiological anatomy of the ambient cistern in children

o[

TENT

TENT

Figure 1. Dimensions of the subtentorial portion of the ambient cistern; STP — sella-to-pons dimension; TPD — tentorium-to-pons
distance; TW — tentorial width; ST — sella turcica; BA — basilar artery; TENT — tentorial margin.

defines it as an extension of subarachnoid space
surrounding the whole surface of the midbrain with
adjacent interpeduncular fossa, cerebral crura, and
lamina tecti [20]. Many authors, in turn, divide the
space around the midbrain in four main compo-
nents: interpeduncular cistern, crural cistern, ambi-
ent cistern, and quadrigeminal cistern [14, 16, 23].
According to this definition, the AC is bounded an-
teromedially by the cerebral peduncle, posteriorly
by the temporal cortex, and connects posteromedi-
ally to the quadrigeminal cistern. At the subtentori-
al level, the AC occupies a superior part of the sub-
arachnoid space surrounding the pons and connects
to the pontine cistern anteroinferiorly.

Despite this classificational incoherence, the exist-
ence of the AC s clinically important because of its cor-
relation with assessment of intracranial volume reserve.
Thin and narrow subarachnoid cisterns are a common
radiological sign of increased intracranial pressure [1].
Asymmetrical lack of AC reflects a shift of the temporal
lobe into the tentorial notch and compression of the
midbrain by temporal lobe herniation. Therefore, a pro-
per interpretation of AC shape and dimensions is essen-
tial. However, there exists no defined reference to which
the observed AC might be compared in children. The
literature is poor in its descriptions of this region in
adults, and there is not a single article on the anatomy
of the AC in paediatric patients.

In this paper we aim to give a preliminary de-
scription of the radiological anatomy of the AC and
create a reference for AC dimensions, according to
age groups and level of observation.

MATERIAL AND METHODS
The AC description was performed by the use of
anonymised 1.5 mm axial computed tomography
(CT) scans of the whole head of 160 Polish children
of both sexes (80 male, 80 female), between 1 and
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18 years of age. The images were divided into 4 age
groups, each containing 40 cases (1-3 years, 4-
—-10 years, 11-14 years, and 15-18 years). The indica-
tions to CT examination included mild brain concussion
due to superficial head trauma followed by an epi-
sode of transient unconsciousness and vomiting due
to meningeal irritation, or without these symptoms.
Patients with any intracranial pathology were exclud-
ed from the study. Pictures were acquired with a Sie-
mens 8-row CT scanner, without contrast adminis-
tration. Pictures were recorded in DICOM standard
mode and then examined using a Siemens Magic Web
Browser equipped with measurements tools.

The AC dimensions were measured at two le-
vels: 1) at the level of the dorsum sellae, and 2) at
the level of the inferior colliculi.

The first group of measurements comprised the dis-
tance between the dorsum sellae and ventral surface of
the pons (STP, sella-to-pons dimension), the distance
from the tentorial margin to the pons bilaterally (TPD),
and the width of the tentorial notch in the middle of
the sagittal dimension the pons (TW) (Fig. 1).

The second group included, bilaterally, the width
of the AC in its anterior part, at the level of the pos-
terior margin of the cerebral peduncle shape (AACQ),
and in the posterior part of the AC, at the level of
the cerebral aqueduct (PAC). We also measured the
longitudinal dimension of the AC from the anterior-
most point of the AC to the posterior-most point of
the midbrain colliculi (ACL). The last dimension at
this level was the width of the tentorial notch at the
level of the cerebral aqueduct (TNW) (Fig. 2).

We measured also two general dimensions of the
skull: longitudinal (LONG) and transverse (TR), at the
level of the bottom of the third ventricle.

All patient examinations were performed at the
same level and values analyzed statistically (t-Stu-
dent test) with StatSoft Statistica 8.0 software.
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Figure 2. Dimensions of the supratentorial portion of the ambient cistern (AC); AAC — width of the anterior part of the AC; PAC — width of
posterior part of the AC; TNW — tentorial notch width; ACL — length of AC; IPC — interpeduncular cistern; TENT — tentorial margin.

RESULTS

Detailed analysis of the scans showed the radio-
logical features of the AC, estimated according to the
definition given by Ulm et al. [23]. It occupied a re-
gion around the mesencephalon, bilaterally, from the
level of the cerebral crura anteriorly to the quadrige-
minal plate and to the tentorium posteriorly. The level
of the tentorium constituted the intracisternal bound-
ary between the so-called supratentorial and subten-
torial portions. The anatomical relations and clinical
significance of these two parts differ so much that we
introduced distinct parameters to measure them.

Radiologically, the anterior-most point of the AC
was situated lateral to the lateral-most point of the
cerebral crus, and was found above the tentorium.
The anterior portion of the AC was anterolaterally
bounded by the uncus and temporal cortex, and
medially by the cerebral crus. Posteriorly it was con-
nected to the posterior portion of the AC at the lev-
el of the posterior-most point of the cerebral crus.
From this point to the level of the cerebral aque-
duct, we recognized the posterior portion of the AC,
which could also better be observed supratentorial-
ly. It was anatomically related to the tentorium cere-

belli and temporal cortex located posterolaterally,
and the posterior surface of the lamina tecti with
geniculate bodies located anteromedially. The pos-
terior portion of the AC extended medially to the
quadrigeminal cistern which, according to previous
studies, was defined as the space directly posterior
to the quadrigeminal plate in the transverse plane
[14, 23]. Therefore, the longitudinal axis of the AC,
distinguished supratentorially, was oblique in the
transverse plane and directed anterolaterally from
the rear to the front portion of the cistern. This dis-
tance (ACL) was 11.5 = 1.8 mm in boys and 11.3 +
+= 1.5 mm in girls (p < 0.05).

Measurements taken at the tentorium level
showed differences between sex groups: the aver-
age STP (Table 1) was greater in girls than in boys
(6.7 £ 1.7 mm and 6.4 = 1.7 mm, respectively; p <
< 0.05). This interval measured less than 6 mm only
in the youngest boys (5.8 = 1.3 mm). The mean AC
width at this level, estimated by TPD (4.0 = 1.8 and
3.8 £ 1.6 mm in boys and girls, respectively), was
greatest in the youngest group (4.5 = 1.9 mm, p <
< 0.05) and gradually decreased to reach a value
3.2 £ 1.5 mm in 15-18-year-old adolescents. Average

Table 1. Values of measured parameters regarding sex and age groups: subtentorial portion of ambient cistern (AC)

1-3 4-10 11-14 15-18
STP [mm] Male 58+13 6.8 +23 6.4+ 1.4 6.4=17
Female 6.9+13 6.6 +2.2 70+138 6.3+14
TPD [mm] Male 45+20 42+18 4.00+15 32+15
Female 45+ 1.7 40+ 1.7 35+15 33+15
TW [mm] Male 35.1+£55 39.2 + 31 40.1 = 4.7 395+£55
Female 33.6 = 5.1 36.1 = 5.1 371.2+42 374+ 4.7

STP — sella-to-pons dimension; TPD — tentorium-to-pons distance; TW — tentorial width
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Table 2. Values of measured parameters regarding sex and age groups: supratentorial portion of ambient cistern (AC)

1-3 4-10 11-14 15-18
AAC [mm] Male 30+09 271+07 29+038 27+038
Female 3.0=x07 26 +07 2910 26=+09
PAC [mm] Male 26+06 22+09 2407 28+08
Female 26+038 2307 26+09 24+08
TNW [mm] Male 220x24 23.4 = 3.1 248 +33 253+23
Female 21418 224 £33 237x24 23824
ACL [mm] Male 94+18 11.6 =11 11719 12020
Female 10.7 1.0 104 0.8 120 = 21 11.6 £1.1
AAC — width of anterior part of AC; PAC — width of posterior part of AC; TNW — tentorial notch width; ACL — length of AC
Table 3. Values of general skull parameters measured
1-3 4-10 11-14 15-18
LONG [mm] Male 165.9 = 10.0 1721 £179 1778 £ 6.8 183.4 £ 6.7
Female 159.4 £ 6.3 171.1 =81 1708 7.9 1778179
TR [mm] Male 131.8 £ 6.1 1423 £5.1 146.4 = 6.8 146.7 4.9
Female 1299 £ 6.0 1375538 142.4 =51 143452

LONG — longitudinal dimension of the skull; TR — transverse dimension of the skull

TW in this age group, however, was the largest only
in girls and ranged in all cases from 25.0 to 50.1 mm
(median value 37.2 mm).

The supratentorial portion width of the AC was
narrower than at the level of the dorsum sellae in all
cases (p < 0.05), being 2.7 = 0.2 and 2.6 =
*+ 0.2 mm, respectively, in boys and girls, with a maxi-
mal average width in 1-3-year-old children (2.8 =
+ 0.1 mm) (Table 2). The youngest children present-
ed the greatest dimensions in the anterior portion
of the AC (3.0 £ 0.8 mm), while the posterior por-
tion was maximal and comparable in 1-3 and 15-
—-18 age groups (2.6 = 0.7 and 2.6 = 0.8 mm, re-
spectively). Minimal values of average AC width were
observed in children 4-10 years old (2.4 = 0.1 mm).
TNW was greater in girls (28.9 = 2.7 mm) than in
boys (23.9 = 3 0 mm) and greatest in 15-18-year-
-old adolescents among the age groups (24.6 = 2.4 mm
vs 21.7 = 2.1 mm in the youngest children).

General skull dimensions provided data for com-
parison purposes (Table 3). The greatest LONG and
TR were observed in 15-18-year-old children (LONG
=180.8 = 7.7; TR = 145.1 £ 5.3 mm). Children aged
1-3 years presented lesser values of these parame-
ters (LONG = 162.7 = 8.8; TR = 130.9 = 6.1 mm).
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Statistical analysis showed negative correlation
between age and subtentorial AC width (r = -0.31,
p < 0.05), but we observed a coincidence of increas-
ing AC width with TNW development (r = 0.25,
p < 0.05). The increment of AC width also presented
a positive correlation to transverse dimensions of
the skull (r = 0.06, p < 0.05).

DISCUSSION

Methodology discussion

Previous studies on the AC emphasize its clinical
impact: being a part of the perimesencephalic cis-
ternal complex it constitutes an important anatomi-
cal landmark for assessment of cerebrospinal fluid
reserve spaces, holds vital neurovascular structures
[9, 14-16, 19, 23, 24], and commonly serves as
a favourable surgical approach to perimesencephalic
lesions [7, 9, 15, 17, 19, 23, 24]. It is also widely
useful in radiological examinations, being able to
show the reasons for acute ischaemia in posterior
cranial fossa structures (i.e. the hyperdense posteri-
or cerebral artety sign, where hyperdense posterior
cerebral artery marks the incidence of acute is-
chaemia in posterior cerebral artety territory) [5, 10, 18].
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In many of these cases, CT examination seems to be
primarily performed, as in most traumatic brain in-
juries. AC dimensions and shape play a crucial role
in determining qualification to surgical treatment
[5]. CT scans, however, provide only orientational
insight into AC surroundings and details, compared
to more exact neuroimaging methods. Being the first
and often only radiological evaluation [1, 2, 6], it
seems necessary to describe this region based on
CT scans, in a morphometric fashion.

Paediatric neurosurgical patients often suffer from
symptoms that result from age-specific mechanisms
of head injury. Based on typical groups of patients
and the paediatric care system in Poland, we distin-
guished four age groups that seem to correspond
with characteristic neurosurgical problems bringing
the patients to the hospital: babies, infants, children,
and adolescents. Such age groups are the most cli-
nically similar from a surgical point of view and they
present approximate anatomical conditions.

Discussion of results

AC pathologies are rarely reported in literature.
There exist, however, a few descriptions on AC arach-
noid cysts and tumours that prove the clinical im-
portance of this region [3, 12]. Moreover, many other
studies have focused on microsurgical and endo-
scopic examination [1, 11, 13, 14, 16, 21-23], yet
none of them has given precise directions about the
AC limitations and dimensions. Wang et al. report-
ed the general appearance of the AC region based
on operating microscope findings. They also gave
a description of the contents of this area and focused
on a surgical approach to them [24]. Okuchi et al. [18]
presented an magnetic resonance imaging (MRI)-
-based study on AC surroundings concluding that
MRI scans can be used to determine the real loca-
tion of lesions close to the AC. Chakeres et al. [5]
combined CT scans and angiography in order to
show pathologies within the AC. Matsuno et al. [14]
described membranes separating the AC from the
connecting subarachnoid cisterns of the posterior
cranial fossa. In our opinion, international literature
lacks a detailed description of the AC focused on its
developmental features, which might be useful for
paediatric radiologists. We think that the descrip-
tion given solves the problem of AC references and
refreshes the insight into this important area.

According to Chakeres and Kapila [4], we distin-
guished supratentorial and subtentorial portions of
the AC. We did not focus on the tentorial edge, de-
scribed by these authors, because of the impossibi-
lity to assess this portion in our material. The mea-
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surements we made showed that the subtentorial
portion of the AC is wider than the supratentorial
and decreases with age. This part is larger in babies
in both transverse and sagittal axes, compared to
children older than 11 years. Girls have a slight ten-
dency for these dimensions to be longer, which is
not observed as far as the tentorial width at the
level of the dorsum sellae is concerned. In all age
groups this element was 33-40 mm wide, which
promotes the youngest group to present relatively
large spaces between the pons and tentorial mar-
gin in radiological evaluation. The increase of 6 mm,
on average, of the tentorial width is accompanied
with the loss of 1 mm of peripontine space, which
may be explained by the uneven increment of the
pons and mesencephalon.

The supratentorial portion, in turn, tends to be
more constant for tentorial conditions and less re-
lated to transverse axis dimensions. Its longitudinal
axis increases with skull growth, and we observed
a coincidence between the increase of AC width and
the width of the tentorial notch. Boys revealed ge-
nerally slightly wider anterior portions of supraten-
torial AC compared to girls, which presented more
spacious its posterior part. It is worth noting that the
tentorial notch width was larger in boys than in girls,
which may suggest different mesencephalic shape
development. The increase in tentorial notch width is
2.5 and 3.5 mm, respectively, for girls and boys from
1 to 18 years of age, which influences the quadrigem-
inal cistern more than the anteromedially located AC.
1-3-year-old boys reveal the highest values of AC
width. The narrowest ACis found in 4-10-year-old girls.
This group also shows the least anterior portions, which
in turn is largest in boys of 1-3 years of age. The pos-
terior part, however, is the largest in 15-18-year-old
male adolescents and the smallest in 4-10-year-old
boys. These slight differences in developmental pat-
terns between the sexes have, in our opinion, no cli-
nical importance and may result from methodological
errors. Nevertheless, they present radiologically impor-
tant tendencies that may be useful for paediatric ex-
aminations and surgical planning purposes.

CONCLUSIONS
Based on the study we conclude that:

1. The AC should be defined by cerebral peduncles
and differentiated from the crural and quad-
rigeminal cistern.

2. The subtentorial portion of the AC is wider than
the supratentorial portion. The subtentorial part
tends to decrease with children’s age, while su-
pratentorial part is more constant in size.
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. The AC is the widest in 1-3-year-old boys and

the narrowest in 4-10-year-old girls.

The increment of width of the tentorial notch
correlates with that of the AC.

CT scans equipped with measuring tools are suf-
ficient for AC assessment.
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