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Abstract

Preoperative brain shift after severe brain injury is a prognostic factor for survival. The aim of this study was to determine
whether preoperative brain shift in conditions other than severe head injury has significant prognostic value. We analyzed a
radiological database of 800 consecutive patients, who underwent neurosurgical treatment. Brain shift was measured at two
anatomical landmarks: Monro’s foramina (MF) and the corpus callosum (CC). Four hundred seventy-three patients were
included. The disease exerting the highest mean brain shift was acute subdural hematoma (MF 11.6 mm, CC 12.4 mm), fol-
lowed by intraparenchymal hematoma (MF 10.2 mm, CC 10.3 mm) and malignant ischemia (MF 10.4 mm, CC 10.5 mm). On
univariate analysis, brain shift was a significant negative factor for survival in all diseases (p <0.001). Analyzed individually
by group, brain shift at both anatomical landmarks had a statistically significant effect on survival in malignant ischemia
and at one anatomical landmark in chronic subdural and intraparenchymal hematomas. Multivariate analysis demonstrated
that the only independent factor negatively impacting survival was brain shift at MF (OR =0.89; 95% CI: 0.84-0.95) and
CC (OR=0.90; 95% CI: 0.85-0.96). Brain shift is a prognostic factor for survival in patients with expansive intracranial
lesions in certain neurosurgical diseases. MF and CC are reliable anatomical landmarks and should be quoted routinely in
radiological reports as well as in neurosurgical practice.
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Introduction

In neurosurgical patients, brain shift on neuroradiologi-
cal imaging is a key sign in surgical decision-making. The
first paper dealing with brain shift in intraparenchymal or
subdural hematomas or large middle cerebral artery stroke
determined that its progressive increase decreases the level
of consciousness, up to deep coma [13]. This result has been
confirmed, and a larger mean shift is associated with poor
outcomes [14]. The significant value of this measurement
to outcomes in severe brain injury has been demonstrated
repeatedly [1, 5, 8, 10, 15, 18].

Whether brain shift significantly affects outcomes in other
neurosurgical diseases is unclear. Such information could
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ures or having an overestimated shift missing any anatomic
level. This deficiency may either push the neurosurgeon to
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delay treatment or prompt an emergency procedure, regard-
less of the patient’s neurological condition. This study aimed
to evaluate a standard anatomical level at which to measure
brain shift and the prognostic value of brain shift in neuro-
surgical diseases other than a severe head injury that exert a
mass effect, in order to compel the routine inclusion of brain
shift measurement in radiological reports and neurosurgical
practice.

Materials and methods

In this retrospective cohort study, we recruited head com-
puted tomography (CT) data from patients (aged 1-96 years)
who were admitted to our emergency department (ED) over
a 13-year period (2005-2018). All CT scans were performed
for the onset of neurological symptoms or secondary head
injury and selected for a disease exerting a mass effect on
the brain parenchyma. Patients with primary head injury
were strictly excluded. The included patients’ age and sex
were recorded. Two observers (one neuroradiologist, one
neurosurgeon) calculated the brain shift in the axial scans
at the level of Monro’s foramina (MF) and the corpus cal-
losum (CC: the anatomical region in the middle portion of
the corpus callosum, corresponding to the body), just above
the septum pellucidum and below the cingulate gyrus. These
anatomical landmarks are better identified in the displaced
brain and are located at a shorter distance from the uncus,
where displacement can cause herniation and brainstem

Fig.1 In a patient with a
hemorrhagic tumor, brain shift
was evaluated in the axial CT
scans at the level of MF (A).
Both frontal horns are displaced
from right to left. Using the

CT software, a sagittal line
(drawn from the crista galli

and anterior cerebral falx to the
internal occipital protuberance)
is intersected by a perpendicular
transverse line starting from the
septum pellucidum. The midline
shift was measured on the trans-
verse line, in millimeters. The
same procedure is performed at
the CC (B)
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damage. The brain shift in the axial CT scan was measured
by drawing a sagittal line from the crista galli and anterior
cerebral falx to the internal occipital protuberance and an
intersecting transverse perpendicular line at the anatomical
landmarks (Fig. 1). Brain shift was measured on the trans-
verse line, in millimeters. Agreement between observers was
evaluated using the Kappa statistic. We excluded from analy-
sis all scans in which brain shift was absent or the anatomi-
cal landmarks were not detectable. All patients underwent
surgical treatment and survival was set at 3 months.

Statistical analysis

The statistical analysis was carried out using the software
SPSS for Windows, release 25.0. Medians and interquar-
tile ranges were calculated, as well as respective fre-
quency distributions for quantitative and qualitative vari-
ables. Differences between groups were assessed using
the Mann—Whitney test. A bivariate analysis (Spearman
correlation coefficient) was carried out for age and shifts.
Finally, a logistic regression analysis was conducted using
as dependent variables the condition of the patients at
3 months (deceased vs. alive) and as independent vari-
ables age (as a continuous variable), gender (females vs.
males), and hemorrhagic diseases (yes vs. no). Results are
reported as OR and 95% Cls. The threshold for statistical
significance was set at p <0.05.
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Results

Four hundred seventy-three patients were included. Preop-
erative head CT scans showed mass effects exerted by intra-
parenchymal hemorrhage (62 patients), hemorrhage from a
ruptured aneurysm (7 patients), malignant ischemia of the
middle cerebral artery (14 patients), supratentorial brain
tumors (meningiomas, gliomas, metastases:121 patients),
acute subdural hematoma (61 patients), chronic subdural
hematoma (182 patients), epidural hematoma (22 patients),
and brain abscesses (4 patients) (Table 1).

The disease with the greatest average shift was acute
subdural hematoma (MF 11.6 mm, CC 12.4 mm), followed
by malignant ischemia (MF 10.4 mm, CC 10.5 mm), intra-
parenchymal hematoma (MF 10.2 mm, CC 10.3 mm), and
chronic subdural hematoma (MF 9.4 mm, CC 10.3 mm).
There were no significant differences between the aver-
age values of the shifts at MF and the CC in the different
pathologies. The smallest shift was caused by a ruptured

aneurysm and abscess. The highest mortalities were found
in malignant ischemia (31.2%) and acute subdural hema-
toma (18.8%). Mortality increased with increasing shift,
at both MF and the CC (p <0.001; Fig. 2).

The group analysis shows that brain shift at both ana-
tomical landmarks had a statistically significant effect on
survival in malignant ischemia, at MF in chronic subdural
hematoma and at the CC in intraparenchymal hematomas.
Conversely, brain shift did not affect survival in acute sub-
dural and epidural hematomas, subarachnoid hemorrhage,
or tumors. Acute subdural hematoma with the same mean
shift as chronic subdural hematoma had 2.4 times greater
mortality (p <0.01).

Multivariate analysis demonstrated that the only inde-
pendent factor negatively impacting survival was brain
shift at MF (OR =0.89; 95% CI: 0.84-0.95) and at the
CC (OR =0.90; 95% CI: 0.85-0.96). The shift was not
related to the patient’s age (MF: rho=0.002; p =0.945;
CS: rho=0.012; p=0.738).

Table 1 The median brain shift (in millimeters) was calculated for each disease group. Follow-up was set at 3 months. MF, Monro’s foramina;

CC, corpus callosum

Diseases Patients, N MF median shift (mm) CC median shift (mm)
Died Alive p= Died Alive p=

Ruptured aneurysm 7 4.09 (4.0-4.0) 5.09 (3.1-18.1) 0.617 2.06 (2.0-2.0) 3.84 (0-18.1) 1.000
Abscess 4 0 7.7 (5.8-9.6) - 0 9.3 (6.8-11.7) -
Epidural hematoma 22 9.21 (4.8-12.2) 6.88 (2.5-21.9) 0.395 10.24 (8.0-14.1) 7.44 (2.6-23.4) 0.106
Intraparenchymal hematoma 62 10.4 (5.4-16.0) 8.6 (4.5-20.0) 0.441 11.67 (4.5-16.1) 8.28 (0-23.4) 0.019
Acute subdural hematoma 61 14.34 (3.3-18.2)  12.23(2.8-19.0) 0.228 15.06 (4.8-18.8)  13.38 (0.9-21.4) 0.326
Chronic subdural hematoma 182 9.09 (4.6-18.5) 8.60 (1.3-19.4) 0.045 10.96 (5.4-20.0) 10.03 (0-18.7) 0.126
Brain tumor 121 8.6 (3.6-14.9) 7.7 (1.7-17.6) 0.427 9.44 (2.5-15.7) 8.5 (0-21.0) 0.493
Malignant ischemia 14 13.3 (11.4-16.1) 9.04 (4.4-14.6) 0.028 12.23 (9.4-14.5) 8.14 (4.8-12.6) 0.028
Total patients 473 11.45 (3.3-18.5) 8.48 (1.3-21.9) <0.001 11.69 (2.0-20.0) 9.39 (0-23.4) <0.001

15,00

- .
[

Shift at Monro's foramina

25,00

15,00

10,00

Shift at “callosal strip™

00

00

alive -3 months

1,00

00

alive -3 months

Fig. 2 In all patients, mortality increases with increasing shift, at both the MF and CC levels (p <0.001)
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Discussion

The analysis of our results demonstrates that, analyzing
all patients as a group, the overall midline shift is sig-
nificant at both MF and CC (p <0.001). This is a warning
for every neurosurgeon dealing with emergency surgery
in the presence of a brain shift on a CT scan. Analyz-
ing by subgroups, only some pathologies are statistically
significant. This apparently contradictory result may be
due to the small sample size in 2 pathological subgroups,
the variable size of each lesion, its position in relation to
the midline and skull base, the time of growth which can
impair brain perfusion into surrounding brain tissue, and
the formation of brain edema.

Previous studies on brain shift in various diseases have
not enlightened surgical management. In supratentorial
brain tumors, midline shift is an independent predictor of
brain swelling after the opening of the dura mater and it
is an independent prognostic factor influencing survival
among patients with glioblastoma multiforme [3, 11]. In
our series of supratentorial brain tumors, brain shift did
not have a statistically significant relation to survival,
probably due to our collecting both benign and malignant
tumors. The slow growth of the tumor causes a progressive
adaptation of the compressed brain tissue surrounding the
lesion and substantially reduces the median shift compared
with that seen in the other acute or subacute pathologies.
In patients with spontaneous hemorrhagic lesions, brain
shift >5 mm has prognostic significance for survival [7].
In patients with lobar hemorrhage or cerebral infarction,
the degree of septum pellucidum displacement and coma
on admission were the only significant factors associated
with early death following stroke [9]. Likewise, in our
group of surgically treated patients with intraparenchymal
hematomas, survival was related to the preoperative brain
shift measured at the CC. However, since there was no
significant relationship between survival and MF shift, this
result should be further investigated in a separate study
involving a greater number of patients, the location and
volume of blood collection, and the comorbidities that are
often present in such cases. In malignant middle cerebral
artery ischemia, postoperative midline shift <5 mm at the
level of the septum pellucidum significantly decreased the
mortality rate and improved outcome [4, 17]. The clini-
cal result in our small group of patients with malignant
ischemia is perfectly in line with the existing literature,
and the benefit of this surgical procedure in this disease
is now indisputable in our daily practice. One study in
chronic subdural hematoma correlated preoperative
brain shift and level of consciousness, but not progno-
sis [16]. Other analyses of chronic subdural hematoma
showed no significant association between midline shift
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on preoperative CT scan and outcome [2, 12, 19]. Our
study is the first to highlight the finding that brain shift
at MF cannot be ignored in chronic subdural hematoma,
although the resulting median shift is not among the larg-
est observed. Obviously, as already stated, the patient’s
neurological condition at the time of clinical presentation
is of paramount importance.

We have observed no statistical significance in epidural
hematoma, acute subdural hematoma, and brain tumors.
In such conditions, the prognosis is probably conditioned
by preexisting comorbidities or postoperative complica-
tions (diabetes, cardio-vascular pathologies, anticoagula-
tion usage, seizures, hospital-acquired infections, etc.) not
considered in the present study. We believe the lack of sta-
tistical significance of brain shift in patients with subarach-
noid hemorrhage is attributable to the low number of such
patients in the study. The same mean brain shift in acute and
chronic subdural hematomas was associated with the worst
prognosis in acute subdural hematomas. This result reveals
that, regardless of brain shift, a surgical operation may be
less urgent in chronic subdural hematomas, at least for those
patients with good Markwalder scores [6]. Conversely, the
same degree of shift in acute subdural hematoma requires
prompt surgical treatment. The statistically significant prog-
nostic value of shift in one anatomical landmark and lack
of it in the other was determined exclusively by the worst
median shift detected at the examined level. In our opin-
ion, this difference is mainly due to the location and size of
the lesion. We found no statistically significant difference
in brain shift distance when measured at MF versus at the
CC. For this reason, in every neurosurgical disease exerting
a mass effect, brain shift must be measured at least at one
of these anatomical levels and described in the report. The
clinical evaluation of the patient, which is the paramount
factor for every surgical decision, will guide the surgeon to
the most appropriate choice for the patient.

Limitations

The design of this study has some limitations. The primary
limitation to the generalization of these results is its ret-
rospective nature. The preoperative baseline of our patient
population was recorded only for imaging studies. Preopera-
tive anticoagulation or antiplatelet status was not recorded.
A small sample size is in 2 pathological subgroups. In order
to deliver an immediate, succinct point to the reader, we
intentionally avoided analyzing morbidity and neurological
recovery as prognostic factors. In the reported pathologies,
morbidity and neurological recovery are time dependent and
may vary according to the length of follow-up, the histol-
ogy, the patient’s age, and the researcher who collects the
clinical information. Surgical results were dependent on the
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surgeon’s ability, adding result bias to the study. The mortal-
ity rate was set at the 3-month follow-up.

Conclusion

Brain shift is a common finding when assessing neurosur-
gical diseases other than the head injury on preoperative
neuroradiological imaging. The MF and CC anatomical
landmarks are equally useful in measuring brain shift. Brain
shift has significant prognostic value in patients with malig-
nant ischemia or with chronic subdural or intraparenchy-
mal hematoma. Brain shift measurements must be routinely
quoted in radiological reports, as well in neurosurgical prac-
tice, to avoid delay or undue emergency procedures without
prior clinical evaluation of patients.
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