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ABSTRACT

Introduction: Traumatic Brain Injury (TBI) is an alteration in brain
function brought on by external trauma. Computed Tomography
(CT) scanning is the mainstay diagnostic modality for evaluating
the primary injury, as well as secondary events such as
oedema, mass effect, herniation, infarction, etc., which are
often catastrophic and responsible for morbidity and mortality.
Early cerebral infarction, unless large and in a defined vascular
territory, is quite likely to be missed on CT scans and can even
be confused with cerebral oedema. In the diagnosis of early
infarctions, especially the lacunar types, the detection rate of
lesions with Magnetic Resonance Imaging (MRI) is significantly
higher than that of CT.

Aim: To observe the incidence, distribution, and pattern of
Post-traumatic Cerebral Infarction (PTCI) and its association
with neurological deterioration.

Materials and Methods: In this cross-sectional study, 55 patients
with head injuries admitted to the Department of Neurosurgery
were evaluated between 72 to 96 hours post-trauma using
Magnetic Resonance Imaging (MRI) of the brain (1.5 Tesla
Siemens). Observations were made regarding the presence and
pattern of any infarction, as well as its impact on the patients.

Results: Post-traumatic early cerebral infarction was detected in
19 out of 55 (34.5%) patients. Infarct distribution was observed
in nearly all defined vascular territories, with the most common
occurrence in the Middle Cerebral Artery (MCA) territory.
Neurological deficit was observed in four out of 19 infarcted
cases during the hospitalisation period.

Conclusion: Post-traumatic early cerebral infarction is common
in head injuries and can lead to neurological deterioration. MRI
is sensitive in detecting infarcts, especially the lacunar ones.
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INTRODUCTION

TBI is a common neurosurgical emergency and a leading cause
of morbidity and mortality in young individuals, with an increasing
incidence in the elderly [1]. The outcome of a TBI depends on
several factors, including the patients’ characteristics, disease
severity at admission, and complications that arise during its clinical
course. PTCl is a known complication of TBI in the acute stage of
the disease and has been reported to occur in 1.9-32.9% of head
injury cases [2,3]. Studies have reported it as a serious complication
that adversely affects the prognosis and may even be associated
with an increased risk of residual debility [4-6]. Various causes, such
as direct vascular compression due to mass effect, arterial wall
dissection, embolisation, cerebral vasospasm, vascular damage,
and systemic hypoperfusion, have been proposed to explain this
consequence. However, the exact pathogenesis of PTCI is still
uncertain, and effective treatments are lacking [4].

TBI is inherently heterogeneous in nature, and patient outcomes
vary across the range from no overt symptoms to life-altering or
fatal outcomes. The variability in outcomes cannot be accounted for
by heterogeneity in the injury alone, given that a subset of patients
exhibit resilience against TBI symptoms even when similarly injured
patients have persistent deficits. This divergence in recovery presents
both a diagnostic challenge and a gap in the understanding of the
mechanisms that contribute to TBI outcomes [7].

The CT scan is the mainstay of imaging in acute TBI as it is fast
and accurate in detecting both primary and secondary injuries and
guiding appropriate intervention [8]. However, at times, neurological
deficits are difficult to explain as CT imaging may be negative,
especially in cases of mild TBI [9] or Diffuse Axonal Injury [10].
Upto 30% of hospitalised TBI patients with a normal CT scan can
have abnormalities on MRI [11], which makes it appropriate to
use advanced imaging modalities like MRI to aid in the diagnosis.
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Comparative studies between CT and MRI have shown a
significantly higher detection rate for focal lesions when MRl is used
as the imaging methodology, especially in cases of mild TBI [12].
MRI performs well in displaying the lesion morphology and is more
sensitive for the detection of certain intracranial injuries (e.g., axonal
injuries) and blood products 24-48 hours after the injury [8]. MR,
especially Diffusion Weighted Images (DWI), has a higher sensitivity
for cerebral infarction. DWI is a promising tool for depicting post-TBI
conditions and prediction outcomes in adults and paediatrics [13].
Neuroimaging, such as CT scan and, to an increasing extent, MRI,
plays a critical role in the management and prognostication of TBI
[14]. In fact, there is a class-lI recommendation [15] to perform an
MRI of the brain in TBI cases where non enhanced CT is normal
and there are persistent unexplained neurological findings [14,16].

Literature on PTCI in acute TBI is scarce [4,6]. Considering the poor
prognostic aspects, dedicated studies on PTCI are needed.

Present study was conducted on head injury patients with the primary
objectives of observing the incidence, distribution, and pattern of
PTCI, as well as its impact on the neurological status of patients.

MATERIALS AND METHODS

This cross-sectional study was conducted in the Department
of Neurosurgery, Shri Ram Murti Smarak - Institute of Medical
Sciences, Bareilly, Uttar Pradesh, India, between September 2021
and February 2023. Ethical clearance was obtained from the Ethics
Committee of the institution (SRMSIMS/IEC/2020-21/049), and
appropriate consent was obtained.

Inclusion criteria: Head injury patients coming to the hospital

within 24 hours of injury and requiring admission were included in
the study.

Exclusion criteria: Past history of ischaemic cerebrovascular
accident, deep vein thrombosis, valvular heart disease, hypotension
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(mean arterial pressure <70 mmHg) at or before admission, or
patients on antiplatelets or anticoagulants were excluded from the
study.

Sample size: Patients presenting with head injury in the Department
of Neurosurgery and requiring admission were screened. A total of
55 patients meeting the inclusion criteria during the study period
were enrolled in the study using a complete enumeration process.

Methodology: Between 72 to 96 hours post-injury, a non-contrast
MRI of the brain was performed on a SIEMENS machine (1.5 tesla),
and evidence of infarction was assessed.

Observations were made regarding: 1) Number of cases with acute
infarctions; 2) Incidence of infarction in Mild (GCS 13-15), Moderate
(GCS 9-12), and Severe (GCS 3-8) head injury categories [17];
3) Pattern of infarction, such as lacunar infarcts or territorial infarcts
affecting a vascular territory [18]; 4) Distribution of infarction, i.e.,
vascular territories involved; and 5) Association between infarction
and neurological deficit.

STATISTICAL ANALYSIS

All analysis was performed using Microsoft Excel 2019 due to
its usefulness in handling both qualitative and categorical data.
Descriptive statistics were used to summarise the characteristics of
the study sample, including frequency and percentage calculations.
Percentages and proportions were calculated to assess the
distribution. Subgroup analysis was conducted to explore specific
aspects such as age, gender, and patterns of vascular territory
involvement.

RESULTS

Out of the 55 patients evaluated, 19 patients (34.5%) had evidence
of acute infarction. Among these patients with infarction, 57.9% (11
out of 19 patients) were less than 40 years of age [Table/Fig-1].
Fifteen out of 19 patients with infarct were male (78.95%). Road
traffic accidents were the most common mode of injury (16 patients),
followed by falls from height (3 patients).

Age (years) n (%) Patients with infarction, n (%)
<20 7(12.7) 3(5.5)

21-40 33 (60) 8(14.5)

41-60 10 (18.2) 6(10.9)

>61 5(9.1) 2(3.6)

Total 55 (100) 19 (34.5)

[Table/Fig-1]: Age distribution of head injury patients.

Patients were randomly distributed into slabs of 20 year to observe the most frequently affected
age group

Infarction occurred nearly equally frequently in patients with moderate
head injury (40%, 8 out of 20 cases) and severe head injury (38.8%,
7 out of 18 cases), while 23.5% of patients (4 out of 17 patients) in
the mild head injury category also suffered from infarct [Table/Fig-2].
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Three patients had bilateral involvement of the same territories -
one patient had bilateral ACA involvement, and two patients had
bilateral MCA territory involvement.

Vascular territory n (%)
Anterior cerebral artery 3(156.8)
Middle cerebral artery 11 (57.9)
Posterior Cerebral Artery (PCA) 6 (31.6)
Lenticulo striate artery 3(15.8)
Basilar artery 2 (10.5)
Posterior inferior cerebellar artery 1(6.9
Anterior choroidal artery 1(6.9)

[Table/Fig-3]: Distribution of vascular territories affected by infarct n=19.

Lacunar infarcts were seen in 14 patients, while territorial infarcts
were seen in five patients. The distribution of territorial infarcts was
as follows: MCA territory 2, Branch of Posterior Cerebral Artery (PCA)
territory 1, Posterior Inferior Cerebellar Artery (PICA) territory 1, Basilar
Artery (BA) 1.

Neurological worsening was observed in four patients [Table/Fig-4] -
one patient had an infarct in the pons and adjoining cerebellum. He
presented with altered sensorium and cranial nerve palsy. His initial
CT scan did not reveal any infarct [Table/Fig-5a]. An MRI Brain with
MR Angiography suggested an infarct in the territory of the basilar
artery [Table/Fig-5b] and thrombosis of the basilar artery [Table/Fig-
5c¢]. The second patient, a 54-year-old female, developed vertigo
and imbalance on the 3 day of injury. Her MRl revealed an infarct in
the territory of PICA. The third patient had hemiparesis secondary to

No. of patients with No. of patients without
GCS Infarct, n (%) infarct, n (%)
Severe (3-8) 7(12.7) 11 (20)
Moderate (9-12) 8 (14.5) 12 (21.8)
Mild (13-15) 4(7.9) 13 (23.7)
Total 19 (34.5) 36 (64.5)

[Table/Fig-2]: Distribution of patients according to head injury severity. Patients

were classified into 3 groups based on head injury severity, to observe most or the

Age/ CT findings (at MRI findings (with Neurological

Sex GCS | time of admission) regards to infarct) deficit
Right frontal Infarct in pons and Cranial nerve

22/M 11 ) L .
contusion inferior cerebellum palsy and ataxia
Left fronto temporal Acute infarct in .

S4/F | 18 | acute SDH territory of left PICA | At&Xi@

39/M 6 Diffuse axonal injury | Lacunar infarctin pons | Hemiparesis

50/M 10 Right tgmp !nfarct in region of Hemiparesis
contusion internal capsule

[Table/Fig-4]: Neurological deficits attributable to infarction and MRI findings.

least affected patient group.

All major defined vascular territories were affected by infarct. In nine
patients, only a single vessel territory was involved, and in 10 cases,
more than one vascular territory was affected. The MCA territory
was the most commonly affected territory, involved in 11 patients
(57.89%). It was followed by PCA territory (31.6%) [Table/Fig-3].

[Table/Fig-5]: a) Normal appearing CT scan in head injury; b) MRI of same patient
reveals infarction in territory of basilar artery; ¢) MR Angiography- shows thrombosed
basilar artery.
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a lacunar infarct in the pons, and the fourth patient had hemiparesis
secondary to a large infarct in the right paraventricular area [Table/
Fig-6]. In the remaining patients, it was difficult to observe any change
in neurology, possibly because the size of the lacunar infarcts in non
eloquent areas did not produce any deficit [Table/Fig-7].

[Table/Fig-6]: Multiple infarcts involving territories of ACA, MCA and PCA.

[Table/Fig-7]: Multiple lacunar infarcts.

DISCUSSION

The present study aimed to evaluate the incidence and radiological
distribution of post-traumatic early cerebral infarction based on
MRI. The study outcome revealed that infarctions were present in
34.5% of head injury patients and were mostly lacunar in nature.
Infarcts involved almost all vascular territories but were most
common in the MCA territory. A subset of patients developed
neurological deficits attributable to infarct.
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Head trauma is a common reason for emergency department visits.
Many patients who suffer blunt head trauma are at risk of TBI, which
affects a large number of individuals each year [8]. As a leading
cause of mortality and morbidity among young people, head injury
is now becoming more frequent in older people [4]. The outcome of
a TBI depends on several factors, including patient characteristics,
the extent of cranio-cerebral damage, and complications that arise
during its clinical course. PTCl is a complication that may lead to a
poor neurological outcome and high mortality [4].

The incidence of PTCI has been reported with variability in the
literature. Bae DH et al., reported an incidence of 2.1% [19], Marino
R et al., reported an incidence of 19.1% [6], while Latronico N et al.,
in a multicentric study, reported an incidence of 32.9% among 143
patients with head injury [3]. This variability might reflect differences
in the timing of evaluation, the intensity of work-up, and the quality
of available images. In comparison to the aforementioned series, a
higher incidence of 34.5% was found in this study.

A study by Ham HY et al.,, reported a mean age of patients as
43.8+17.2 years, and the majority of them were male (80.8%) [20].
In this study, subgroup analysis for age shows that PTCI was most
common in young patients, with 57.9% of reported infarcts occurring
in patients less than 40 years of age. Road traffic accidents emerged
as the most common mode of head injury in 81.2% of patients,
while falls from height and falls on the ground were the other modes
of injury in patients with infarction.

Latronico N et al., in their study, reported territorial infarctions (in
decreasing order of incidence) in the PCA, ACA, and MCA territories,
followed by lenticulo striate arteries, thalamo perforators, the
basilar artery, the superior cerebellar artery, PICA, and the Anterior
communicating Artery (AcoA) [3]. In another study by Ham HY et
al., infarction was most commonly observed in the PCA distribution
in 80% of patients [20]. Whole territory infarction was observed in
40% of patients. Territorial infarction was relatively less common in
the present study (26.3% in present study vs 86.2% in the study by
Latronico N et al.). Bae DH et al., reported that infarction was most
common in the PCA distribution in 38.09% of patients, and MCA
territory was observed in 23.8% of patients [19]. In contrast, in this
study, the MCA territory was affected in 57.89% of cases, and the
PCA territory was affected in 31.6% of patients.

Lacunar infarcts were the most common pattern (73.7%) in this
study, followed by territorial infarcts in a defined vascular territory
(26.3%). Infarcts were observed in almost all defined vascular
territories, either in a single vascular territory (52.63%) or in more
than one vascular territory (47.37%). Overall, the territory supplied
by the MCA was the most affected area. This is possibly because
the MCA feeds the largest area of the brain.

Malignant MCA infarction was first described by Hacke W et al.,
[21]. MCA territory infarction occurs due to a gross mass effect and
herniation or severe brain swelling/oedema [22]. Potential contributing
factors include stretching and attenuation of the MCA, increased
intracranial pressure, and a direct pressure effect of a haematoma
[23]. It is worth mentioning here that four patients, not included in
present study group, had large infarcts in the distribution of the MCA
territory (two cases), ICA+PCA territory (hemispherical infarct in one
case), and PCA territory in one case. These were diagnosed ona CT
scan within 48 hours of injury, and the patients died soon after due
to a large intracranial haematoma and mass effect.

Associating with the admission GCS score, this study found
that infarction was seen with nearly equal frequency in moderate
(38.8%) and severe injury (40%) grades. The study by Latronico N
et al., reported that 21.3% of patients with moderate head injury
developed cerebral infarction [3]. In a study by Bae DH et al., it
was found that on admission, 52.4% of patients had a GCS score
of 3-6, 9 patients (42.9%) had a GCS score of 7-11, and only one
(4.8%) had GCS scores over 12. The initial GCS score was an
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important factor for prediction survival and complications [19]. Tian
HL et al., showed that a lower GCS score (i.e., a more severe injury)
corresponds to a higher probability of PTCI [24].

PTClis acommon complication in patients suffering from a moderate
or severe head injury and can be an independent risk factor for
long-term disability. Bae DH et al., in their study, suggested that
increasing age (p-value=0.037), GCS score at admission (p-value
<0.01), brain herniation (p-value=0.044), and decompressive
craniotomy (p-value=0.012) were risk factors for PTCI in patients
with TBI. There was no statistical significance between cerebral
infarction and gender (p-value=0.495) or abnormalities of laboratory
findings. Neurological deterioration was observed in 21.05% of
cases with infarct in this study. However, long-term studies can
shed light on the impact of lacunar infarct on neurological recovery.

Limitation(s)

Severe head injury patients with identifiable large infarcts on a CT
scan who died within 72 hours of injury could not be included in the
study. Hence, the actual incidence might be higher.

CONCLUSION(S)

The present study, an MRI-based evaluation of head injury patients,
observed post-traumatic cerebral infarct in more than one-third
(34.5%) of TBI cases. Mostly, infarcts were lacunar in nature (73.7%)
and most frequent in the territory of the MCA. Clinically identifiable
neurological deficits attributable to infarct were seen in 21% of PTCI
cases. The greater sensitivity of MRI helped in picking up acute
infarcts. It needs to be established whether finding the additional
lesions that MRI detected would significantly change the acute
management of head trauma. Hence, dedicated long-term studies
are needed to assess the impact of minor infarcts on neurological
recovery.
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