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Abstract

Post-traumatic striatocapsular infarction (SCI) due to lenticulostriate artery (LSA) damage is rare. Most cases reported are in children.
We discuss the pathogenesis and differential diagnosis of this kind of SCI after trauma in adult patients. The most common etiology of
non-traumatic SCI are an embolism from the proximal artery, cardiogenic embolism, and atherosclerotic plaque in the proximal middle
cerebral artery (MCA). However, injury of the LSA after trauma may lead to hemorrhagic infarction in the basal ganglia (BG). Post-
traumatic SCI due to LSA damage might be associated with hemorrhage in the BG. The main locations of these lesions are the distal
perfusion area of the LSA, similar to SCI due to intracranial atherosclerotic disease affecting the MCA. Vessel wall imaging, magnetic
resonance angiography, and ultrahigh-resolution computed tomography can be used for differentiating the injury mechanism in SCI
following a traumatic event.
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1. Introduction
Basal ganglia hemorrhagic lesions following trauma

are relatively rare and are reported in 0.9%–3.0% of head
traumas [1,2]. Striatocapsular infarction (SCI) after trauma
is a rare event [3–5]. Differentiation of traumatic or non-
traumatic SCI can be important in forensic medicine. Most
cases of ischemic infarction in the basal ganglia (BG) af-
ter trauma have been reported in young children [6–8]. We
found only five cases of post-traumatic SCI in adult patients
[9–13]. In adult patients without any stroke risk factors,
traumamust be included in probable etiology [9]. Although
some have suggested damage to the lenticulostriate artery
(LSA) after trauma [11–13], the mechanism of infarction
in the BG following trauma remains unclear. We reviewed
articles for post-traumatic SCI caused by damage to mul-
tiple LSAs and those with spontaneous SCI. We excluded
SCI due to traumatic arterial dissection and thrombus in the
middle cerebral artery (MCA).

2. Posttraumatic SCI and Hemorrhage by
LSA Damage in Adults without Stroke Risk
Factor

Head trauma is rarely cited as an etiology of infarc-
tion in the BG. In adults and pediatric patients, arterial dis-
section can result in ischemic events after trauma [14–17].
Trauma from football and other sports results in arterial dis-
sectionwith thromboembolism of the brain [14]. Dissection
of vessels with cerebral embolism to distal territory can be
developed after a traumatic event [18].

However, cases of post-traumatic SCI without vessel
dissection have been reported in some adults (Table 1, Ref.
[9–13]). The combination of subarachnoid hemorrhage
(SAH), hemorrhage, and infarction of the BG due to rup-
tured LSA after trauma has been reported in only two cases
[11,13]. In these two patients, other causes for SAH and
ischemia, such as aneurysm or arterial-dissection, were not
detectedwithmagnetic resonance (MR) imaging or cerebral
angiography. In these two patients, the size of the ischemic
lesion in the BG was larger than 1.5 cm [11,13].

The BG and internal capsule are perfused by the LSA.
These vessels are end arteries. Therefore, the area they per-
fuse are at risk for ischemia [19]. Any violent motion of
the head may result in damage of the vessel between the
subarachnoid part of LSA and the intraparenchymal sec-
tion of the LSA [20]. Inertia from trauma on the skull can
also result in movement of brain tissue and damage to in-
tracranial vessels [6]. This movement leads to a traumatic
intimal lesion following the generation of a thrombus. This
thrombus causes ischemia in the cerebral tissue. Maki et
al. [20] suggested that when a stretching force is severe,
vessel walls can rupture and lead to cerebral hemorrhage,
whereas milder damage may only cause endothelial injury
and ischemic stroke. Although the case presented was in
a young patient, Ahn et al. [21] reported that a punctate
high-density lesion detected with a computed tomography
(CT) scan 2 h following injury indicates a thrombus in the
LSA. In the case presentation by Ahn et al. [21], repeat
CT after the development of hemiparesis demonstrated a
discrete infarction around a focal, high-density region. To
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Table 1. Clinical characteristics of five adult patients with posttraumatic striatocapsular infarction.
Sex/age Mechanism of Trauma Initial neurological

deficit
Image findings Associated injury Year Reference

F/19 Fell off boat Hemiparesis, facial
droop, slurred speech

Acute infarction in
internal capsule

No 2014 [9]

M/32 Hit by a truck while
driving a bike

Paresis in all four
limbs, GCS score 7/15

Right BG infarction
and left BG hematoma

External injuries on the
right side of body, head

and neck

2016 [10]

M/30 Impact to the head
during brawl

Disoriented,
hemiparesis

SAH, hemorrhage and
infarction in BG

Skull base fracture 2012 [11]

F/25 Traffic accident Mild weakness and
numbness in left hand

Hemorrhage and
infarction in BG

Fracture in femur,
ulnar radius, scaphoid,

and hamate

2019 [12]

F/34 Falling backward
during a brawl

Hemiparesis, GCS
score 12/15

SAH, hemorrhage and
infarction in BG

Temporal bone fracture 2023 [13]

F, female; M, male; GCS, Glasgow coma scale; BG, basal ganglia; SAH, subarachnoid hemorrhage.

our knowledge, this description is the first report suggest-
ing a thrombus after trauma. Direct visualization of LSA
damage after trauma was reported by Kim et al. [12]. An
angiographic evaluation of intracranial vessels in four of
five cases in adults with post-traumatic BG infarction did
not demonstrate damage to the LSA despite CT angiogra-
phy [9,10], MR angiography [13], or cerebral angiography
[11]. Only one of five cases in adults with post-traumatic
SCI demonstrated structural damage in the LSA by cere-
bral angiography and MR angiography [12]. Perhaps the
incidence of this mechanism in head trauma is rare and de-
tailed documentation may identify more traumatic causes
for stroke [6].

Most cases of post-traumatic SCI due to LSA damage
have been reported in children. In the event of a BG infarc-
tion in a young child following head trauma, the etiology
is often the result of anatomical characteristics at this age
[22]. For example, the LSAs form sharp angles with the
MCA, which is more acute in children than adults [20,23].
Anatomically, between the intracerebral and the subarach-
noid segment of the LSAs, there is a mobile subarachnoid
segment, that when stretched and distorted by trauma, re-
sults in ischemic lesion in the area of LSAs. Additionally,
the sphenoid bone in children is developing and not fully
ossified. The brain parenchyma has greater mobility than
the skull during violent trauma. Moreover, the subarach-
noid space in children is smaller and less protected from
trauma than in adults. These factors facilitate the stretching
of LSAs by traumatic forces [4,24]. Cerebral blood flow in
the first five years increases to twice that of an adult. Thus,
children are more susceptible and sensitive to cerebral hy-
poxia. In young children, even mild head trauma could re-
sult in BG infarction [22,25–27].

3. Non-Traumatic SCI
The damage of a deep perforator vessel in the brain

can cause a lacunar infarction with a diameter of <1.5 cm
[28]. Perforating infarcts with a diameter larger than 1.5
cm in the LSA territory can develop from the occlusion of
a main stem perforator or simultaneous damage from mul-
tiple perforators [29]. Among ischemic lesions in the BG,
large subcortical lesions with a size>3 cm are classified as
a SCI [30]. The clinical presentations of a SCI typically in-
clude hemiparesis, language problems, sensory neglect, or
apraxia [31].

Following a study conducted by Bladin and Berkovic
[32], SCIs were classified as a subtype of ischemia. The
ischemic lesions of SCI were located in territories of the
LSAs and could extend to territories of the Heubner or an-
terior choroidal arteries [33–35]. Jose and James [36] pro-
posed classifying ischemic stroke into 10 subtypes. Of the
10 infarction subtypes, SCI is considered a subcortical in-
farction in the striatocapsular portion, developed following
damage to more than one LSA [36]. According to its radio-
logical findings, especially on axial images, these SCIs are
lentiform, triangular, or comma-shaped. The size of a SCI
is 3–4.5 cm, 1–2 cm wide and 2–4 cm in depth. The im-
pacted infarction regions include the caudate nucleus, puta-
men, and anterior limb of the internal capsule. The globus
pallidus, genu, and posterior limb of the internal capsule are
not typically affected. The comma-shaped lesions involve
the caudate nucleus along with the anterior limb of the in-
ternal capsule and the lentiform nucleus [36]. Cardiac prob-
lems, severe carotid artery stenosis, and atherosclerotic dis-
ease affecting the proximalMCA are other important causes
of SCI [3,32,33,37–40].

Lee et al. [41] reported that the dominant portion of
SCI on coronal diffusion MR was important for identifi-
cation of stroke cause. Stroke resulting from a proximal
embolism, such as those with cardiac origin, is more preva-
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lent in patients with a lesion distributed equally between
the distal and proximal perfusion areas of the LSA. By con-
trast, MCA stenoses resulting in SCI are more common in
patients with a lesion distributed predominantly in the distal
perfusion area of LSA [42].

Of five adult patients with post-traumatic SCI, we
could evaluate the dominant infarction area of the SCI in
only three. In these three patients with traumatic SCI due
to LSA damage [11–13], the dominant infarcation area was
located in the distal perfusion area of the LSA, similar to
the SCI associated with symptomatic MCA stenoses.

4. Visualization of an LSA for Identifying
Perforator Damage and Vessel Wall Imaging
for Detecting Dissection on an Intracranial
Vessel

Although direct visualization of damage to the LSAs
by trauma is difficult, assessing the injury is important
when evaluating SCI after trauma. It is difficult to image
the entire proximal-to-distal LSA using angiography. At
present, there is no imaging technique that can display the
LSAs clearly and directly in clinical settings. Ultrahigh-
resolution CT is a useful method for evaluating the LSAs
[43]. LSA imaging has clinical implications for differenti-
ating between spontaneous and traumatic origins in patients
with BG infarction.

Vessel Wall Imaging (VWI) may provide useful in-
formation for differentiating the etiology of SCI. VWI can
provide a reliable tool for identifying intracranial vessel
plaques in vivo [44,45]. Enhancement after gadolinium
within an intracranial vessel plaque can suggest a strong as-
sociation with ischemia [46]. VWI could be used to provide
evidence of dissection flap with thrombi [47]. Intramural
hematoma is a frequent imaging finding following cervic-
ocerebral artery dissection and can also be imaged using
VWI [48].

5. Simultaneous Occurrence of both
Spontaneous Infarction and Hemorrhage in
Adults

Post-traumatic SCI due to LSA damage in adults could
be associated with a hemorrhage in the BG. Therefore, we
reviewed the simultaneous occurrence of spontaneous in-
farction and hemorrhage in adults. Stroke is classified as ei-
ther an ischemic and hemorrhagic stroke. Usually, a stroke
will present as only one type, whereas the simultaneous de-
velopment of ischemia and hemorrhage is rare. Hyperten-
sive brain hemorrhage and lacunar infarction are developed
from common damage to small perforating arteries. Hy-
pertension is a condition commonly underlying primary in-
tracerebral hemorrhage and lacunar infarction. However,
the infarction and hemorrhage rarely occur simultaneously
[49]. There are a few documented cases of infarction and
hemorrhage developed simultaneously in the literature [49–

52]. These patients with simultaneous infarction and hem-
orrhage had no trauma history but had underlying risk fac-
tors for cerebral stroke.

We observed simultaneous development of BG infarc-
tion and hemorrhage in four of five adult cases of post-
traumatic BG infarction [10–13]. In adult patients, the si-
multaneous development of BG infarction and hemorrhage
in the LSAs is important for the differentiation of traumatic
or non-traumatic origins.

6. Sequential Spontaneous Occurrence of
Hemorrhage and Infarction in the LSA
Territory

In case of SCI infarction associated with hemorrhage
in LSA territory after trauma, we should distinguish se-
quential spontaneous occurrence of BG hemorrhage and is-
chemia in the LSA perfusion area. To our knowledge, only
one case of the sequential occurrence of BG hemorrhage
and infarction in the LSA territory has been reported [53].
An 82-year-old woman with hypertension and no history of
trauma presented with right hemiparesis due to putaminal
hemorrhage. The left internal capsule and corona radiata
were normal on a an initial CT scan and blood pressuremed-
ication was started. On day two, the right hemiparesis pro-
gressed to right hemiplegia. CT demonstrated no change of
the hematoma volume, but the left corona radiata showed a
low-density area. On day six, MR imaging showed corona
radiata ischemia. Intensive blood pressure-lowering ther-
apy may result in ischemic damage. Careful observation
of neurological status and repeat imaging can suggest dif-
ferentiation between spontaneous BG hemorrhage followed
by infarction in the same LSA territory and trauma associ-
ated with the simultaneous development of BG infarction
and hemorrhage.

7. Conclusion
Post-traumatic SCI due to LSA damage in adults

might be associated with hemorrhage in the BG. Careful ob-
servation of neurological status and the use of imaging can
be used to differentiate between simultaneous and sequen-
tial development of BG infarction and hemorrhage. In cases
with no risk factors for stroke, simultaneous post-traumatic
development of infarction and hemorrhage in the same LSA
territory might suggest a traumatic origin.
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