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ARTICLE

Individual variation of tentorial notch
morphometry in a series of neurocritical
patients

Variacion individual de la morfometria de la hendidura tentorial en una serie de pacientes
neurocriticos

Pedro GRILLE"?, Alberto BIESTRO!, Osmar TELIS®, Federico VERGA?, Nicolas SGARB/®

ABSTRACT

Background: Cadaveric studies on humans have shown anatomical variabilities in the morphometric characteristics of the tentorial
notch. These anatomical variations could influence the worsening of neurocritical patients. Objectives: 1) To investigate the morphometric
characteristics of the tentorial notch in neurocritical patients using computed tomography (CT); 2) To investigate the correlation between
tentorial notch measurements by CT and by magnetic resonance imaging (MRI); and 3) To analyze the individual variability of the tentorial
notch anatomy seen in neurocritical patients. Methods: Prospective series of neurocritical patients was examined. An imaging protocol for
measurements was designed for CT and MRI. The level of the agreement of the measurements from CT and MR images was established.
According to the measurements found, patients were divided into different types of tentorial notch. Results: We studied 34 neurocritical
patients by CT and MRI. Measurements of the tentorial notch via CT and MRI showed significant agreement: concordance correlation
coefficient of 0.96 for notch length and 0.85 for maximum width of tentorial notch. Classification of tentorial notch measurements according
to the criteria established by Adler and Milhorat, we found the following: 15 patients (658%) corresponded to a “short” subtype; 7 (21%) to
“small”; 3 (9%) to “narrow”; 2 (6%) to “wide”; 2 (6%) to “large”; 1 (3%) to “long”;and 4 (12%) to “typical”’. Conclusions: The anatomical variability
of the tentorial notch could be detected in vivo by means of CT scan and MRI. Good agreement between the measurements made using
these two imaging methods was found.
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RESUMEN

Antecedentes: Estudios cadavéricos en humanos han mostrado variabilidad anatomica en las caracteristicas morfométricas de la
hendidura tentorial (HT). Estas variaciones anatémicas podrian influir en el neurodeterioro agudo de los pacientes neurocriticos. Objetivos:
1) Investigar las caracteristicas morfométricas de la HT en pacientes neurocriticos mediante tomografia computarizada (TC); 2) Investigar la
correlacion de las mediciones de la HT realizadas por TC y resonancia magnética (RM); 3) Analizar la variabilidad individual de la anatomia
de la HT observada en pacientes neurocriticos. Métodos: Se examind una serie prospectiva de pacientes neurocriticos. Se disend un
protocolo de imagenes para mediciones por TCy RM. Se estableci6 la concordancia de las mediciones realizadas mediante TCy RM. Segun
las mediciones encontradas, los pacientes se dividieron en diferentes tipos de HT. Resultados: Estudiamos 34 pacientes neurocriticos por
TCy RM. Las mediciones de la HT por TC y RM mostraron una concordancia significativa: coeficiente de correlacion de concordancia de 0,96
para la longitud de la HT y 0,85 para el ancho méaximo de la HT. Clasificando las medidas de la HT de acuerdo con los criterios establecidos
por Adler y Milhorat, encontramos: 15 pacientes (568%) correspondieron al subtipo “corto’, 7 (21%) al “pequeno”, 3 (9%) al “estrecho”, 2 (6%)
a “ancho”, 2 (6%) al “grande”, 1 (3%) al “largo”y 4 (12%) al “tipico”. Conclusiones: Se pudo detectar variabilidad anatémica de la HT in vivo,
mediante TC y RM. Se encontré una buena concordancia en las medidas obtenidas con ambos métodos imagenologicos.

Palabras clave: Duramadre; Variacion Anatémica; Disfuncion Cognitiva; Encefalocele; Tienda del Cerebelo; Hernia Cerebral.
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INTRODUCTION

Pathological processes that increase intracranial volume
may generate ischemic lesions through compression and dis-
tortion of the brain and its vessels. These displacements of
brain structures are consequent to intracranial pressure gra-
dients that are usually not detected by means of standard
monitoring of intracranial pressure. The maximum clinical-
pathological expression of these displacements are hernia-
tion syndromes'#**5.

The introduction of CT and, especially, MRI has promoted
a review of the classic concepts of brain displacement, with
emphasis on the early biophysical phenomena of brainstem
distortion®”#’. In this way, it can be established that there are
basically three clinical determinants of such displacements:
a) the volume of the mass lesions; b) their topography; and c)
the rapidity of their growth.

On the other hand, the role that anatomical variations,
especially those observed in the morphometry of the tento-
rial incisura, can play in this dynamic remains unclear. It has
been suspected that certain anatomical variants of the ten-
torium could somehow influence the phenomenon of clini-
cal deterioration in the presence of a focal mass that grows
intracranially.

Until now, little attention has been given to individual
anatomical variations of the tentorium and their relationship
with the phenomenon of clinical deterioration and outcome.
In addition to the classic studies of Corsellis and Sunderland
last century, the meticulous study by Adler and Milhorat has,
in more recent years, provided valuable information and has
opened the doors to further clinical research on this sub-
ject'®!12 The latter authors categorized the different anatom-
ical variations of the tentorial notch in cadavers and corre-
lated these variations with measurements through MRL They
divided these variations into seven types. So far, no studies
have been conducted on healthy volunteers and, even less, on
neurocritical patients.

The objectives of our study were the following: a) to design
a CT protocol for studying the individual morphometric char-
acteristics of the tentorial notch in neurocritical patients; b) to
determine the correlation between measurements obtained
through a CT protocol and those made using MRI, since MRI
is considered to be the “gold standard” for intracranial mor-
phometry in vivo; and c) to analyze the individual variability
of tentorial notch anatomy i vivo, in neurocritical patients.

METHODS

A prospective study was conducted on non-consecutive
patients admitted to the intensive care units (ICUs) of Clinicas
and Maciel hospitals with acute and severe neurological dis-
ease and initial Glasgow Coma Scale scores (GCSs) of 8 or less
(including head trauma, subarachnoid hemorrhage (SAH),
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intracerebral hemorrhage and cerebral infarction), between
January 2015 and December 2017.

We included the patients on whom a MRI examination
could be done during their stay in the ICU. CT scans were
performed within the first 48 h after admission to the ICU
whereas MRIs were done when the patient was stable enough.
The MRIs were performed on average 14 days after the CT
scan. Patients under 15 years of age, pregnant patients and
patients presenting physiological instability that prevented
transfer for performing CT and MRI scans were excluded
from our study.

This study was evaluated and approved by the ethics com-
mittees of Maciel and Clinicas hospitals. An informed con-
sent statement was presented to and signed by the relative
responsible for each patient. Patients were assured of confi-
dentiality with regard to management of their medical his-
tory data.

Therapeutic management of patients was carried out in
accordance with the corresponding protocols used in each
ICU. These include general directives relating to minimiz-
ing the phenomena of secondary brain injury, management
of intracranial hemodynamics, prophylaxis and treatment of
complications.

In order to perform measurements on the tentorial inci-
sura in vivo, two detailed measurement protocols were
applied for both CT and MRI scans. As described in the study
by Adler and Milhorat, the following landmarks were used as
reference points to define tentorial notch morphometry: the
dorsum sellae, the interpeduncular fossa and the apex of the
tentorial incisura' Based on these reference points, the fol-
lowing distances were established: MNW (maximum width
of the tentorial notch in the axial plane); and NL (length of
the tentorial notch, determined by the distance between the
posterosuperior edge of the dorsum sellae and the apex of the
incisura, in the sagittal plane). Figure 1 schematizes the ten-
torial notch with its corresponding measurements.

Imaging protocols for studying the tentorial notch

1) MRI imaging protocol: This was established by obtain-
ing brain image sequences in the sagittal and coronal planes,
using high resolution T2-weighted imaging. In new MRI
scans, we prefer to use high-resolution 3D sequences, either
T1 or T2 weighted, and even volumetric sequences with cis-
ternographic effect (FIESTA/CISS/CUBE sequences), which
provide an excellent display of the tentorial notch anatomy.
In this manner, it is possible to obtain images in the three
planes with excellent resolution.

2) CT imaging protocol: In the usual cranial CT protocol,
the posterior fossa study algorithm was replaced by: 1) helical
acquisition, in Pitch 1, with 3 mm slices every 2.5 mm, from the
base of the skull to the external occipital tuberosity; 2) angu-
lation following the supraorbital-meatal line (to decrease the



NL: notch length; MNW: maximum notch width.
Figure 1. Diagram of the tentorial notch and the measurements
obtained in our study.

radiation to the lens); 3) coronal and sagittal reconstructions
based on the data obtained through the acquisition described
here. NL measurements were made in the mid-sagittal plane
and MNW measurements in the axial plane, in coronal view,
with extrapolation of the reference points described in the
MRI algorithm. In a multidetector CT scan, a single acquisi-
tion run is enough to obtain images in the three planes, with
excellent resolution of the tentorial notch.

The imaging measurements were made by two experi-
enced neuroradiologists (OT and NS) who were blinded to
the other modality. The images were presented in random
order, which differed between the modalities, and the mea-
surements were made at different time points.

Statistical analysis

All the demographic data were expressed as the mean +
standard deviation (SD) for quantitative variables and as per-
centages for qualitative variables. The Kolmogorov-Smirnoff
test was used to determine whether the variables presented
normal distribution. The t test for paired samples was used
to compare the means. Each pair of measurements from CT
and MRI was graphically displayed in a dispersion diagram.
Lin's concordance correlation coefficient (CCC) was calcu-
lated to quantify the strength of the agreement between CT
and MRI measurements. Bland-Altman analysis and moun-
tain plots were used to complement the comparison of the
measurements from the two imaging methods. The statistical

analyses were performed using the Statistical Package for the
Social Sciences software (SPSS, version 17.0) and the MedCalc
software (version 13.0).

RESULTS

Thirty-four patients were studied: 14 (41%) had suffered
traumatic brain injury; 8 (24%), spontaneous intracerebral
hemorrhage; 7 (21%), subarachnoid hemorrhage; and 5 (15%),
ischemic stroke. The morphometric characteristics of the ten-
torial notch were assessed by means of CT and MRI. Table 1
summarizes the basic demographic data and measurements
of the tentorial notch in our patients. The percentage of our
patients with intracranial hypertension was 48%.

The NL and MNW measurements via CT and MRI using
both protocols, respectively, showed normal distribution. The
mean difference between NL measured with MRI (NLMRI)
and with CT (NLCT) was -0.14 + 2.26 mm (p = NS). The mean
difference between MNW measured with MRI (MNWMRI)
and with CT (MNWCT) was 0.02 + 1.70 mm (p = NS). Figure 2
shows the correlation plots for tentorial notch measurements
with both imaging methods.

The Bland-Altman and mountain plots representing the
agreement or concordance between the CT and MRI mea-
surements of the tentorial notch are shown in Figure 3. The
CCC was 0.96 (95% CI: 0.92-0.98) for NL and 0.85 (95% CI:
0.73-0.92) for MNW.

Figure 4 shows a clinical example of a tentorial notch
evaluation by means of MRI and CT on the same patient.
Morphometric concordance can be seen.

Based on the criteria established by Adler and Milhorat,
the tentorial notch subtypes among our neurocritical
patients were categorized, taking into consideration the CT
measurements. In those authors  necropsy study, they catego-
rized the tentorial notch into seven subtypes, which are sum-
marized in Table 2. In our population of patients, we found
the following individual morphometric variations of the ten-
torial notch: 15 patients (58%) corresponded to “short”, 7
(21%) to “small”, 3 (9%) to “narrow”, 2(6%) to “wide”, 2 (6%)
to “large”, 1 (3%) to “long” and 4 (12%) to “typical” subtypes,
respectively. Table 2 shows the percentage distribution of the
tentorial notch morphometry found in the present study and
compares this with what was found by Adler and Milhorat in
their necropsy study.

DISCUSSION

The tentorial notch orincisurais a complex tridimensional
space defined by the free edges of the tentorium cerebelli. It
was described initially through the studies of Kernohan and
Reid®"® and more recently in studies by Klintworth, Osborn,
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Table 1. CT and MRI measurements of the tentorial notch (NL and MNW), with the corresponding notch categorization.

Sex Age Diagnosis '(\lrhg)r N(Ir'n'\:]?l diffg:':nce M(l:anrYn?T M'Elr\:‘Vm'\;IRI difl;ltla’;l;’:l'nce hi;::;h
MRI - CT (mm) MRI - CT (mm)

M 32 TBI 52.6 50.2 -2.4 30.5 291 -1.4 short
F 56 SAH 50.6 46.7 -39 275 29.7 2.4 short
M 27 TBI 331 36 2.9 25.8 26.2 0.4 small
M 61 TBI 31.56 33 1.5 26.1 24 -2 small
F 60 ICH 34.9 40 5.1 28.3 28.4 0. short
F 38 TBI 45.2 48.0 2.8 29.5 28.5 -1.0 short
F 72 IS 37.2 35.0 -2.2 29.2 30.1 0.9 short
M 49 TBI 45.2 48.0 2.8 27.2 29.5 2.3 short
F 44 SAH 45.2 44.0 -1.2 28.7 27.3 -1.5 short
M 51 SAH 45.6 43.9 -1.7 29.0 28.0 -1.0 short
F 68 ICH 41.4 44.0 2.6 27.3 281 0.8 short
F 39 TBI 56.7 55.2 =15 375 356.2 2.3 wide
M 65 TBI 43.4 45.6 2.2 27.8 30.0 2.2 short
M 75 IS 49.6 471 2.5 25.7 24.5 -1.2 small
M 19 TBI 435 45 1.5 27.0 31.4 4.4 typical
F 64 ICH 56.9 55.0 -1.9 24.9 23.6 =1.3 narrow
M 78 ICH 43.5 41.2 -2.3 25.7 24 -1.7 small
F 40 SAH 41.9 43.2 1.3 30.4 311 0.7 short
M 23 TBI 43.5 40 -3.5 22.0 25.0 3.0 small
M 67 IS 55.6 57.0 1.4 5.5 34.0 =18 wide
F 76 IS 49.3 51.5 2.2 26.2 24.9 -1.3 small
F 39 TBI 52.1 50.2 -1.9 30.0 31.2 1.2 short
M 57 SAH 51.6 50.7 -0.9 28.8 27.9 -0.9 short
M 65 ICH 57.2 56.0 -1.2 283 26.0 0.7 narrow
M 41 TBI 56.0 57.8 1.8 29.9 31.56 1.6 typical
B 62 TBI 64.2 62.9 =1.3 35.7 34.0 -1.7 large
M 27 TBI 49.7 51.0 1.3 29.0 27.4 -1.6 short
F 47 SAH 48.3 46.9 -1.4 25.9 27.0 1.1 small
F 56 ICH 60.1 57.4 -2.6 28.6 30.0 1.4 typical
M 74 IS 56.2 58.0 1.8 26.0 24.8 -1.2 narrow
M 18 T8I 50.5 52.0 1.5 291 30.8 0.9 short
F 51 ICH 65.2 63.6 1.4 27.9 29.0 1.1 long
M 67 ICH 63.8 62.2 -1.6 34.7 33.0 -1.7 large
= 54 SAH 57.8 55.9 =19 29.9 28.3 -1.6 typical

NL: notch length; MNW: maximum notch width; TBI: traumatic brain injury; SAH: subarachnoid hemorrhage; ICH: intracerebral hemorrhage; IS: ischemic stroke.

Rothon and Rai*'*'*!%16, Previous studies did not show any
gender variation and, due to its anatomical structure, it is
not expected to vary with different traumatic neurological
injuries'. However, individual variation of this structure was
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clearly shown by Adler and Milhorat. Based on these findings,
we can hypothesize that morphometric variations in the ten-
torial notch may be implicated in the different clinical pre-
sentations (relating to concussion and inertial injuries) and
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Left: plot of MNW measurements; Right: plot of NL measurements; NL: notch length; MNW: maximum notch width.
Figure 2. Correlation plots of tentorial notch measurements made via CT and MRI.

Upper left: Bland-Altman plot for NL measurements; Upper right: Mountain plot for NL measurements; Lower left: Bland-Altman plot for MNW measurements;
Lower right: Mountain plot for MNW measurements; NL: notch length; MNW: maximum notch width.

Figure 3. Bland-Altman and mountain plots representing the agreement between the CT and MRI measurements of the tentorial
notch.
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Upper left: MR sagittal image for NL measurement (NL: 46.7 mm); Upper right: MR coronal image for MNW measurement (MNW: 29.76 mm); Lower left: CT
sagittal reconstruction image for NL measurement (NL: 50.6 mm); Lower right: CT coronal reconstruction image for MNW measurement (MNW: 27.5 mm). No
patient data or name is visible on the images; NL: notch length; MNW: maximum notch width.

CT:computed tomography; MRI: magnetic resonance image

Figure 4. Example of CT and MRI evaluations from one patient.

Table 2. Tentorial notch subtypes. Comparison of our population measurements with those shown in the study by Adler and
Milhorat.'”? The subtypes defined in their study, with the respective measurements.

Type of notch Frequency (%)
Adler et al. Present study

Wide 12 (12 %) 2 (6 %)
Narrow 15 (15 %) 3(9 %)
Long 15 (15 %) 1(3 %)
Short 8 (8 %) 5 (44 %)
Typical 4 (24 %) 4 (12 %)
Large 9(9 %) 2 (6 %)
Small 10 (10 %) 7 (21 %)

Wide (MNW: 32-39 mm, NL: midrange); Long (MNW: midrange, NL: 62-70 mm); Large (MNW: 32-39 mm, NL: 62-70 mm); Narrow (MNW: minor than 271, NL:
midrange); Short (MNW: midrange, NL: minor than 53.5 mm); Small (MNW: 24.5-27 mm); Typical (midrange, MNW: 27.1-31.9 mm, NL: 53.6-61.9 mm).
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clinical deterioration or neuroworsening (due to brainstem
distortion and cerebral herniation as the maximum expres-
sion of intracranial mass effect) of different patients with the
same anatomical lesions.

The present study showed that it is possible to recognize
the necropsy findings that Adler and Milhorat described,
through in vivo detection of the morphometric variability of
the tentorial notch. To our knowledge, this is the first study
to have measured the in vivo morphometric characteristics of
the tentorial notch by means of CT in a sample of neurocriti-
cal patients. We focused our study on neurocritical patients
due to the high risk of neuroworsening that is inherent to
this type of patients and because of the need to find possi-
ble causes for this. In fact, different tentorium formats could
exist and influence any patient with neurocritical disease
who presents with a focal or diffuse mass lesion.

Good agreement was found between the measurements
made via CT and those made via MRIL The latter is consid-
ered to be the gold standard for intracranial morphometry. In
general, brain MRI is not used as often for investigating criti-
cal conditions as is CT. Thus, our study provides validation for
our CT protocol for measurement of the tentorial notch. This
may make it possible to use CT as a practical tool for studying
and categorizing the individual characteristics of the tentorial
notch in neurocritical patients, as a further element to moni-
tor in order to assess its involvement in neuroworsening'”'s".

As put forward by Adler and Milhorat, we can also specu-
late that this purely structural and anatomical characteristic
could constitute an individual factor to be considered in cases
of acute neurodeterioration, which could also be detectable
and recognizable clinically through a simple addition to the
standard tomographic protocol™. Although it remains to be
determined how clinically important such findings are, they
could be a plausible explanation for what has frequently been
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