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Abstract

Quantitative measurements of brainstem
distortion and neural dysfunction were
obtained in 25 cases of chronic subdural
haematoma. The horizontal and rota-
tional brainstem displacements were
measured on axial and coronal MRI in all
patients pre-operatively, and brainstem
auditory evoked responses (BAERs) were
obtained in 11 cases. Logarithmic rela-
tionships were noted on both horizontal
and rotational displacements of the

brainstem and cerebrum. The type of shift
changed in the rostro-caudal direction.
In the axial plane, the cerebral hemi-
sphere shifts and rotates, the midbrain
shifts laterally with no rotation, and the
pons shifts minimally but rotates moder-
ately. In the coronal plane, the marked
rotation of the cerebral hemisphere and
moderate rotation of the brainstem result
in midbrain kinking, suggesting a down-
ward displacement of the midbrain. The
prolongation of BAER latencies and cen-

Figure 1 a) The sagittal MRI indicates the level for
coronal images; (b-f) Points indicate the measurement sites
of midline shift, and dotted lines indicate the brain
rotational movements from the midline sagittal plane.
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tral conduction times correlated with
septum shift. The results of peak-V
latency indicated that brainstem rotation
in the coronal plane reflects upper brain-
stem dysfunction most closely. This
study presents objective measurements
of brainstem displacement shown on
MRI, and clarifies the relationships
between anatomical and physiological
changes in the brainstem that are associ-
ated with supratentorial lesions.

(¥ Neurol Neurosurg Psychiatry 1993;56:280-285)

Recent developments in neuroradiological
imaging techniques allow better under-
standing of the correlation between neural
dysfunction and anatomical changes. CT
demonstrated horizontal displacement of the
brainstem associated with an acute unilateral
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Figure 2 a) Logarithmic relationships were noted in haematoma thickness versus midline
shift of septum pellucidum and interpeduncular fossa; b) Shifts of the pineal,
interpeduncular fossa and intercollicular sulcus were also logarithmically related to septum

shift (see text).
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Table 1 Summary of MRI data of haematoma
thickness, midline shifts and rotational angles

Haematoma thickness (mm)
Midline shift (mm)

Axial image

Septum

21-7 mean (SD) (5-6)

8:1 mean (SD) (3-6)
Pineal 6-3 mean (SD) (2'5)
Intercollicular 2-:9 mean (SD) (1-7)
Interpeduncular 3-1 mean (SD) (1-8)

0-7

77

3-8

Fourth ventricle mean (SD) (0-9)

Coronal image

Septum mean (SD) (2:9)
Intercollicular mean (SD) (1-5)
Rotation angle (°)
Axial image
Septum-pineal
Prepontine
—fourth ventricle
Coronal image
Third ventricle
Intercollicular
—pontomedullary

5-7 mean (SD) (34)
5-2 mean (SD) (3-5)
9-0 mean (SD) (3:3)
5-7 mean SD (2:7)

cerebral mass relates closely to depressed
consciousness.!? Although brainstem distor-
tion itself is implicated in the mechanism of
depressed consciousness, transtentorial herni-
ation does not consistently correlate with the
clinical status of the patient.'> Few studies,
however, have attempted to quantify brain-
stem distortion or derive relationships
between cerebral shift and brainstem distor-
tion in patients with supratentorial space-
occupying lesions. Using MRI, we measured
various parameters of brainstem distortion
associated with cerebral hemispheric displace-
ment secondary to a unilateral supratentorial
mass. Horizontal and rotational displace-
ments of the cerebral hemisphere and brain-
stem were measured in the axial and coronal
planes. Brainstem auditory evoked responses
(BAERs) were obtained to derive parameters
of brainstem function. Various relationships
were analysed to derive a mechanism for
brainstem dysfunction in patients with a
supratentorial mass.

Material and methods

Twenty five patients with unilateral chronic
subdural haematoma [age range 39-87, mean
(SD) 664 (3-5) years] were analysed for this
study. Patients had symptoms of hemiparesis
or headache or a change in mental status, or a
combination of the above for more than a
month. A history of trauma was elicited in
80% (20/25) of the cases. Patients with bilat-
eral lesions or concomitant other cerebral
pathology (normal pressure hydrocephalus,
cerebral infarction, or other types of
haematoma) were excluded.

Both axial and coronal T1-weighted MRIs
were obtained in all patients pre-operatively
using a Shimazu SMT 150, 1-5 tesla MRI
system (TR 500 ms, TE 26 ms, 10 mm thick-
ness and 1 mm gap, 256 by 256 pixels). Axial
images were taken along the orbitomeatal-line
and coronal images were taken along the line
through the quadrigeminal plate and pon-
tomedullary junction (fig 1a). The line for the
coronal image used in this paper is approxi-
mately perpendicular to the orbitomeatal-
line. In our hospital, we routinely obtain
coronal MRIs along this line through the



R? = 0-573

282
A
20'1
s Septum-Pineal
y = —4.5678 + 11-179*LOG(x)
154 |* PrepontV vent
o . e
3 .
g E L[] [
c= 101
o8
8q
5
« . -
y = —3-9669 + 10-962*LOG(x)
* s R2=0-398
0 - . '
0 5 10 15 20
Septum shift (mm)
(Axial image)
B
20 4
=-1 + 11-885*LOG R2 = 0-4
s liird Vent y = —1-3862 + 11-885*LOG(x) 0-427
« IntC-PontM ®
15 1
t3
2
2E
cs 10
§5
© -
58
z = L]
) y = —1-7512 + 8.8248*LOG(x)
R2 =0-429
0 . — .
0 5 10 15 20

Septum shift (mm)
(Coronal image)

Figure 3 a) Brain rotational movements in the axial plane changed logarithmically;
b) In the coronal plane, cerebral and brainstem rotations were related to septum shift
logarithmically. The difference in magnitude of rotation between cerebrum and brainstem

at higher level of cerebral shfts could result in midbrain kinking. Prepont-IVvent:

Prepontine—Forth ventricle; IntC-PontM: Intercollicular—Pontomedullary.

quadrigeminal plate and pontomedullary
junction. The maximum haematoma thick-
ness was measured on the coronal image (fig
1b-c). The shift from the midline sagittal
plane of the septum pellucidum (between the

Table 2 Brainstem auditory evoked response (BAER) data
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anterior horns of the lateral ventricles), pineal
body, vertical intercollicular sulcus (or aque-
duct), interpeduncular fossa, and the floor of
the fourth ventricle were measured on axial
images (fig 1d-f). The shifts of the septum
pellucidum and intercollicular sulcus at the
level of superior colliculus were also mea-
sured on coronal images (Fig 1b-c). The val-
ues were converted to true dimensions by
means of the gradicule on the radiograph.
Rotational displacements were measured as
angles between the midline sagittal plane and
the following lines: on axial images, a line
connecting the septum pellucidum and pineal
body, and another line connecting the mid-
point of the prepontine cistern and the floor
of the fourth ventricle; on coronal images, a
line through the plane of the third ventricle
(the incline of the third ventricle), and an-
other line connecting the intercollicular sul-
cus and midpoint of the pontomedullary
junction. The angles on coronal views provid-
ed measures of downward displacement of
the brainstem.

In 11 cases, brainstem auditory evoked
responses (BAERs) were performed pre-oper-
atively. The latency of each peak (from I to
V) and central conduction time were com-
pared with normal subjects. Statistical analy-
sis was performed using one sample of
normal tests for the comparisons between
normal subjects and the patient group.

Results

MRI FINDINGS

Haematoma thickness and midline shift

The average values of haematoma thickness
and measurements of midline shift are sum-
marised in table 1. There were no significant
differences between septum and intercollicu-
lar shift on both axial and coronal images.
The results showed that the septum is most
shifted and the fourth ventricle shift is least
displaced. Logarithmic relationships were
noted between both septum (cerebral) and
interpeduncular fossa (brainstem) shifts, and
haematoma thickness with fair correlations
(septum r = 0-64, interpeduncular r = 0-57)
(fig 2a). Shifts of the pineal body and other
brainstem structures were also logarithmically
related to septum shift, but with better regres-
sion coefficients (pineal r = 0-96, interpedun-
cular r=0-73, and intercollicular r = 0-74) (fig
2b). Brainstem displacement was not evident
until the septum (cerebral) shift was about
3-5 mm. With septum shifts between 5 mm

Peak latency Central conduction time

I I I v v I-v II-v
All Patients 1-65 2-84** 3-94** 5-15** 5-96** 4-29** 2:00**
(n=11) (0-10) (0-21) (0-14) (0-14) (0-14) 0-15) (0-11)
Septal Shift 1-68 2:91** 4-02** 5-22%* 6-04** 4-37* 2-02**
8mm > (n = 5) (0-13) (0-:27) (0-13) (0-18) (0-13) (0-10) (0-10)
Septal Shift 1-62 276 3-87 5-11 5-88 4-23 1-98**
8mm < (n = 6) (0-08) (0-09) (0-11) (0-10) (0-11) (0-16) (0-13)
Control 1-63 2-72 3-78 4-96 -80 412 1-90

(0-07) (0-10) (0-10) (0-22) (0-20) (0-22) (0-10)

(): SD; *p < 0.05; **p < 0.01.
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Figure 4 Peak-V latency appears to correlate well with horizontal shifts of the
intercollicular sulcus (a) and with rotations of the intercollicular-pontomedullary line

(). IIIrd vent: Third ventricle;

IntC-PontM: Intercollicular—Pontomedullary.

and 10 mm, a marked shift of the brainstem
was noted, reaching a plateau in displacement
even beyond 10 mm of septum shift. The
results also show that shifts of the midbrain
are about 1/2 of those of the pineal body.
Furthermore, both interpeduncular fossa and
intercollicular sulcus were displaced equally
possibly indicating that the midbrain moves
parallel to the sagittal plane without rotation-
al movement in the axial plane.

Brain tissue rotation

Angles of brain rotational displacement are
summarised in table 1. In the axial plane,
rotations of septum-pineal (central cerebrum)
line and prepontine-fourth ventricle (brain-
stem) line are logarithmically related to sep-
tum shift (fig 3a). Although the rotational
movement of the brainstem changed by the
same magnitude as the cerebrum, its axis of
rotation is different. The axis of cerebral rota-
tion is displaced from the mid-sagittal plane,
while the axis of pontine rotation was centred
around the almost fixed position of the fourth
ventricle. In the coronal plane, rotational
movements of the third ventricle (cerebrum)
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line and intercollicular sulcus-pontomedural-
ly junction (brainstem) line are shown to be
logarithmically related to septum shift (fig
3b). The difference in magnitude of rotation
in this plane between the cerebrum and
brainstem at higher levels of cerebral shifts
results in midbrain kinking.

CLINICAL DATA

Twelve patients [mean (SD) age 63-5 (17-2)]
had only headache and/or vomiting without
other neurological deficits and a septum shift
of 716 (4-26) mm. The other thirteen
patients [mean (SD) age 71-8 (9-4)] had
hemiparesis and/or change in mental status or
consciousness disturbance (drowsiness), and
a septum shift of 9-04 (2-98) mm. These val-
ues of septum shift are not statistically differ-
ent using Student’s ¢ test.

BAER data are summarised in table 2. The
patients were tentatively divided into two
groups based on a septum shift of greater
than or less than 8 mm (mean value of sep-
tum shift for entire group) to determine the
effect of supratentorial shift on the brainstem
function. Latencies of the second through
fifth peaks of BAERs, labelled sequentially
from I to V, appeared significantly prolonged
when averaged from all patients (n=11).
However, in patients with less than 8 mm of
septum shift (n = 6), average peak latencies
were not significantly changed from controls.
Central conduction times measured as the
interpeak latencies between I and V, and
between III and V were also similarly pro-
longed in all patients. Here, however, in
patients with less than 8 mm septum shift,
the average III to V interpeak latency was
prolonged but the average I to V interpeak
latency was not significantly changed.
Prolongation of peak-V latency appears to
correlate best with angulation of the intercol-
licular-pontomedullary line (coronal brain-
stem rotation) (r = 0-78). It does not seem to
relate as well to septum shift (r = 0-47), or
third ventricular angulation (r = 0-54) (fig 4).

Discussion
MRI is used to derive various parameters of
brainstem and cerebral displacements in
patients with a supratentorial mass.
Brainstem deformity correlates well with
BAER data.

MRI assessment of brainstem deformity

Many clinico-pathological studies*® indicate
that brainstem distortion associated with a
supratentorial mass is one of the most impor-
tant factors influencing neurological deterio-
ration with or without transtentorial
herniation. Brainstem deformity was classi-
fied into two®’ or three types® in pathological
materials; lateral (or horizontal) displace-
ment, downward (or caudal) displacement,
and rotation in the axial plane. Sunderland®
reported that these types of displacements
changed as transtentorial herniation pro-
gressed. CT scans have shown that the brain-
stem begins to rotate and shift in the initial
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AXIAL

Cerebrum

Midbrain

Pons

CORONAL

Cerebrum

Midbrain
-Pons

MIDLINE DISPLACEMENT
STRUCTURE

Septum-Pineal shift + rotation

Interpeduncular parallel shift
-Intercollicular
Prepontine rotation

-IVth ventricle

llird ventricle shift + rotation

Intercollicular rotation
-Pontomedullary

Figure 5 The type of shift changes in the rostro-caudal direction. In the axial plane, the
cerebral hemisphere shifts and rotates, the midbrain shifts laterally with no rotation, and
the pons shifts minimally but rotates moderately. In the coronal plane, the marked rotation
of the cerebral hemisphere and moderate rotation of the brainstem result in midbrain

kinking.

phase of actual herniation.’!° Stovring'® men-
tioned that clockwise or counter-clockwise
rotation of the mesencephalon was produced
when anterior or posterior herniation
occurred, and finally the net rotational effect
becomes small when combined anterior and
posterior herniation occurs. Fisher’ and
Roper' reported that the mechanism of
depressed consciousness in patients with a
supratentorial mass was due to direct brain-
stem distortion rather than transtentorial her-
niation. Although transtentorial herniation
occurred in a few cases on MRI in this study,
our attention was focused on brainstem dis-
tortion itself, because the clinical signs were
so variable in these patients: headache alone
in some patients and drowsiness in other
patients. Quantitative MRI data show that
the brainstem as well as the cerebrum shifts
and rotates in a logarithmic manner, with
segmental displacement observed in the
neuro-axis rostro-caudally (fig 5).

Several factors affect the type and extent of
brainstem deformity: 1) Acute vs chronic
lesion; 2) Location of the lesion and 3) Brain
atrophy. If a supratentorial mass forms acute-
ly, there is no spatial compensation and
brainstem displacement is greater. In this
study, as the mass was a gradually enlarging
haematoma, spatial compensation allowed for
a septum shift of upto 3-5 mm before brain-
stem displacement was noted (fig 2).
Andrews et al'' reported that a temporal or
temporoparietal mass is at greater risk of
causing brainstem compression suggesting
that brainstem shift is affected by the location
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of the supratentorial mass. Our data was
obtained from patients with a chronic sub-
dural haematoma in a relatively uniform loca-
tion so that brainstem displacement was
primarily affected by the size of the
haematoma. The extent of brain atrophy is
also an important factor since it allows for a
larger mass before brainstem displacement
occurs.'? This partly accounts for the relative-
ly poor correlation between haematoma size
and septum shift in our patients. For this rea-
son brainstem distortion was compared with
septum shift rather than haematoma size.
With older patients, brainstem deformity
might be further modified by brainstem atro-
phy itself. Howell® reported that the white
matter of the medulla, basis pontis, and cere-
bral peduncles resists compression better
than the grey matter of the diencephalon and
tegmentum of the midbrain and pons, result-
ing in brainstem buckling; the posterior half
of the midbrain and pons shortening more
than the anterior half. Our observations con-
firm that kinking does occur in the midbrain
when a supratentorial mass is present.
However, this was noted in the coronal plane
and measurements in the sagittal plane were
not carried out.

Several authors report that it is difficult to
identify the downward shift of the brainstem
by CT.!21° Measurements of caudal displace-
ment of pineal calcification from the level of
the opposite lateral ventricular choroid calcifi-
cation have failed to reveal significant find-
ings due to poor CT resolution. Using
coronal images on MRI, downward shift of
the brainstem was identified but difficult to
measure directly due to the lack of a standard
horizontal line. As a measure of this displace-
ment we used the angle between the dis-
placed neuro-axis and the vertical midline in
the coronal plane. The coronal image pre-
sents the best view to observe midbrain defor-

mity.

Correlation between BAER and brainstem
deformiry

For a more objective assessment, we obtained
BAERs to compare these with brainstem
deformity. Tsubokawa et al'* reported that in
acute severe head injury patients’ BAERs
provide more reliable information about
brainstem function than the neurological
signs or CT findings. Our results show that
brainstem deformity measured by MRI corre-
lates well with brainstem dysfunction as
assessed by BAERs. Despite the small num-
ber of cases, our findings of prolongation of
BAER latencies and central conduction times
correlated with septum shift. All peak laten-
cies, except peak-I, and central conduction
times were prolonged in the severe septum
shift group indicating midbrain as well as
pontine involvement; while in the mild shift
group prolongation of only the III-V central
conduction time suggests only midbrain dys-
function. Experimental data has shown that
peak-V latency may be a sensitive index of
caudal displacement of the upper brainstem.'
In our study, the results of peak-V latency



indicated that brainstem rotation in the coro-
nal plane reflects upper brainstem (midbrain)
dysfunction most closely, which is in agree-
ment with experimental data.'*

This study presents objective measure-
ments of brainstem displacement as noted on
MRI, and clarifies the relationships between
anatomical and physiological changes in the
brainstem that are associated with supraten-
torial lesions.
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advice and help with manuscript preparation.
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