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Objective: Post-traumatic cerebral infarction (PTCI) is one of the most severe secondary insults after traumatic brain inju-
ry (TBI), and is known to be associated with poor outcome and high mortality rate. We assessed the practical incidence and
risk factors for the development of PTCIL.

Methods: We conducted retrospective study on 986 consecutive patients with TBI from the period May 2005 to November
2012 at our institution. The definition of PTCI was made on non-enhanced CT scan based on a well-demarcated or fairly dis-
cernible region of low attenuation following specific vascular territory with normal initial CT. Clinical and radiological find-
ings that related to patients’ outcome were reviewed and statistically compared.

Results: PTCI was observed in 21 (2.1%) patients. Of various parameters, age (p=0.037), initial Glasgow coma scale score
(p<0.01), brain herniation (p=0.044), and decompressive craniectomy (p=0.012) were significantly higher in patients with
PTCI than patients who do not have PTCI. Duration between accident and PTCI, patterns of TBI and vascular territory of
PTCI were not specific. The mortality rates were significantly higher in patients with PTCI than without PTCI.
Conclusion: The development of PTCI is rare after TBI, but it usually results in serious outcome and high mortality. Early
recognition for risks and aggressive managements is mandatory to prevent PTCI. (Korean J Neurotrauma 2014;10(2):35-40)
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Introduction

Post-traumatic cerebral infarction (PTCI) is one of the
most severe secondary insult after traumatic brain injury
(TBI), with a frequency ranging from 1.9% to 10.4%.'>'**"*”
It is occasionally associated with poor outcome and high
mortality rate. Various mechanisms have been suggested
for this complication, including direct vascular compression
by mass effect, dissection, embolization, cerebral vasospasm,
vascular injury, and systemic hypoperfusion.”*'>'*1%2:22
However, there were few clinical and radiological data de-
fining early risk factors for development of PTCI. Early
detection of patients who were at particularly high risk for
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PTCI would be very helpful in conducting management
and predicting prognosis. We examined the practical inci-
dence, and risk factors for the development of PTCI. By do-
ing so, we can foretell the influence of PTCI on patient mor-
tality.

Materials and Methods

Patient population

We reviewed clinical and radiological data on 986 consec-
utive patients with TBI between May 2005 and November
2012 at our institution. All patients underwent initial com-
puted tomography (CT) in the Emergency Department, and
then they underwent subsequent CT surveillance during
admission. We enrolled all clinical grade of patients who had
any hemorrhagic findings on CT including skull fracture. The
definition of PTCI was made on non-enhanced CT scan
based on a well-demarcated or fairly discernible region of
low attenuation following specific vascular territory.” The
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admission CT revealed no abnormality and the subse-
quent low-density area is compatible with patients show-
ing an acute onset of corresponding clinical signs and
symptoms.

Patients with previous history of hypertension, cardiac dis-
ease, diabetes mellitus, hyperlipidemia or prior cerebral in-
farction were excluded lest we should include possible con-
founding factors. We analyzed also neurological status in
terms of Glasgow coma scale (GCS) score, presence of brain
herniation and duration from accident to onset of cerebral
infarction.

The outcome at six months from the TBI was evaluated
using the Glasgow outcome scale (GOS) as: good recovery
(5), moderate disability (4), severe disability (3), vegetative
state (2), and death (1). A good outcome was defined as a
GOS score of 5 or 4, whereas a poor outcome was defined as
aGOS score of 3, 2, or 1.

Management of patient

All patients were evaluated and treated according to
the guidelines for the management of severe head injury.”
Neurological assessment was performed using the GCS score,
pupil size and reaction.

For lowering intracranial pressure (ICP), patients received
intravenous mannitol bolus infusion; at an initial dose of 0.5
g/kg, repeated at 4—8 hours, and guided by a target serum
osmolality no more than 300—320 mOsm/L.

Patients with brain herniation syndrome and competent
radiological findings of midline-shifting on CT scan under-
go surgical decompression. Brain herniation syndromes
were defined by both radiologic findings and neurological
symptoms or signs. The pathognomonic imaging findings
included displaced or effaced ventricles and cisterns, and the
neurological symptoms or signs included progressive loss
of consciousness, weakness of limbs, dilated pupils (>5 mm),
loss of the pupillary reaction to light, and irregular breathing
and pulse.

Decompressive craniectomy with a broad based, question
mark, scalp flap centered on the superficial temporal artery
was performed. The large bone flap (4 to 5 inches in its max-
imum diameter) was obtained on the side ipsilateral to the
PTCI, and the temporal squama was removed until the floor
of the middle cranial fossa was exposed. The dura was in-
cised in cruciate fashion to allow for outward expansion of
the brain, and dura was closed loosely with artificial mate-
rials. Brain tissues were not routinely removed, except from
severe contusion. The bone has been stored under sterile
conditions at -80C.

Statistical analysis

Factors were expressed as the mean +standard deviations,
and statistical analysis was carried out by using Statistical
Package for the Social Sciences (SPSS) software for per-
sonal computers (SPSS ver. 19; SPSS Inc., Chicago, IL, USA).

TABLE 1. Demographics and clinical factors of post-traumatic cerebral infarction patient (n=986)

Factors No. of patients No. of PTCI p value
Sex 0.495
Male 538 13 (2.4%)
Female 448 8 (1.8%)
Age (years) 0.037
<65 752 12 (1.6%)
=65 234 9 (3.8%)
Initial GCS <0.01
3-6 103 11 (10.7%)
7-11 186 9 (4.8%)
12-15 697 1(0.1%)
Brain herniation 0.044
Yes 135 6 (4.4%)
No 851 15 (1.8%)
Decompressive craniectomy 0.012
Yes 113 6 (5.3%)
No 873 15(1.7%)
Clinical outcome <0.01
Good 739 3(0.4%)
Poor 247 18 (18.4%)

PTCI: post-traumatic cerebral infarction, GCS: Glasgow coma scale
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Chi-square test, Fisher’s exact test was used for analysis of
the independent contribution of predictive factors to the out-
come. A backward stepwise elimination method was cho-
sen for analysis to minimize omission of important vari-
ables. A probability value of less than 0.05 was considered
as statistically significant.

Results

Demographic factors

Of the 986 patients evaluated, 21 (2.1%) developed cere-
bral infarctions during the three month study period. Table
1 shows the demographic and clinical data including initial
GCS score, brain herniation, decompressive craniectomy
and clinical outcome. Increasing age (>65) was associated
with PTCI (p=0.037), but sex does not meet statistical sig-
nificance (p=0.495).

Duration between accident and PTCI

Mean duration between accident and the onset of infarc-
tion was 35.2 hours. Cerebral infarction appeared after inju-
ry within the first week in 7 (33.3%), 8 days to 2 weeks in

TABLE 2. Distribution of infarction on brain computed tomogra-
phy (n=21)

Vascular territory No. of patients sp,\é\girfrzlclltélrr;o
PCA 8 (38%) 6 (75%)
MCA 5 (24%) 4 (80%)
ACA 2 (9%) 1 (50%)
Vertebro-basilar 2 (9%) 2 (100%)
Small branch* 4 (19%) 0 (0%)

#included anterior choroidal artery, lenticulostriate, and thal-
amoperforators. PCA: posterior cerebral artery, MCA: middle
cerebral artery, ACA: anterior cerebral artery

FIGURE 1. Computerized tomography shows a post-traumatic cerebral infarction. A: Right posterior cerebral artery territory after
ipsilateral epidural hematoma removal. B: Traumatic subarachnoid hemorrhage with post-traumatic cerebral infarction on the left
middle cerebral artery territory. C: Post-traumatic cerebral infarction on the right anterior choroidal artery territory.
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9 (42.8%), 2 to 3 weeks in 2 (9.5%), 3 weeks to 1 month in 2
(9.5%), and 1 to 3 months in 1 (4.8%). Because of small sam-
ple size and heterogeneous group, we could not verify a cor-
relation between the ictus and latency of PTCI symptoms and
ultimate outcome.

Patterns of TBI

Traumatic brain lesions of CT findings were evaluated. In
PTCI patients, the most common hemorrhage patterns were
acute subdural hematoma (SDH) in ten patients (47.6%) and
acute epidural hematoma in six patients (28.5%). Traumat-
ic subarachnoid hemorrhage developed in three patients
(18.2%) and traumatic intracerebral hematoma in one patient
(4.7%). One patient (4.7%) had only skull fracture. This study
revealed that any brain lesion could result in PTCI. However,
acute SDH was the most common brain lesions.

Distribution of PTCI

Sites of infarction territory were summarized in Table 2.
Infarction was most common in the posterior cerebral artery
(PCA) distribution in 8 patients (Figure 1A). Infarcts of the
middle cerebral artery (MCA) territory were seen in five pa-
tients (Figure 1B). Anterior cerebral artery (ACA) and ver-
tebrobasilar territory infarcts were diagnosed in two respec-
tively. Anterior choroidal artery distribution was also seen 2
cases (Figure 1C), 1 in the ipsilateral side of main PTCI, while
1 in the opposite side of the PTCIL.

Clinical outcomes

Eleven patients (52.4%) were admitted to our institution
with 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 important factor for predic-
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TABLE 3. Comparison of mortality in patients with and without post-traumatic cerebral infarction according to admission Glasgow

coma scale*
» . Mortality rates
Initial GCS No. of patients = = p value
Without PTCI With PTCI
3-6 103 55/92 (59.8%) 9/11 (81.8%) 0.083
7-11 186 11/177 (6.2%) 4/9 (44.4%) <0.01
12-15 697 3/696 (0.4%) 0/1 (0%) 0.947

#admission GCS: early post-resuscitation GCS score. GCS: Glasgow coma scale, PTCI: post-traumatic cerebral infarction

tion of survival in our series (p<0.01). GCS results showed
that 13 patients died, four patients were remained in a per-
sistent vegetative state, one patient was severely disabled,
two patients were moderately disabled and one patient
showed good recovery at the time of six months from the
TBI. The overall mortality rate was 61.9% (13 of 21 patients).
The mortality rates were significantly higher in patients
with PTCI than without, when matched for the initial GCS
(Table 3). Of the eleven patients with a GCS score of less
than 6, only two patients survived; of the 14 patients with a
GCS score of 7 to 11, five patients survived. Especially, in
patients with a GCS score of 7 to 11, mortality rate was high-
er in PTCI group than in no-PTCI group, and this difference
was statistically significant (»p<0.01).

Discussion

The secondary effects of TBI might be more critical than
the primary injuries. Brain edema, intracranial hemorrhage,
vasospasm, and posttraumatic hydrocephalus are relative-
ly common secondary brain injuries, and many studies have
been conducted to explore their development following
TBL"*%*¥ Cerebral infarction after brain trauma has also
been recognized as a potential secondary injury, but only a
few studies have reported the association between cerebral
infarction and TBI. In this study, we tried to verify some fac-
tors responsible for the development of PTCI.

Of the 986 patients with TBI in this study, cerebral infarc-
tion was observed in 21 patients (2.1%) within 3 months af-
ter trauma. In one retrospective cohort study, the prevalence
of cerebral infarction was 1.9%."” Other studies revealed
that prevalence of PTCI was up to 10.4%."**"*” These stud-
ies included only moderate or severe brain trauma patients.
However, patients with TBI of all grades of severity were
enrolled in this investigation. Therefore, our result showed
low incidence of PTCI compared to other studies. When ex-
cluding patient with GCS score of 12 to 15, incidence of PTCI
was 6.9%.

In most patients, PTCI developed early in the hospital
course. In 16 (76.2%) patients, the infarction developed
within 2 weeks after the injury. Therefore, we propose that
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CT or magnetic resonance diffusion studies are repeated
within this period not to miss the diagnosis of PTCI. Cere-
bral infarction was rare, after two weeks from the initial TBI.

In this study, infarcts were seen most frequently in the
area of the PCA, followed by the MCA. Infarcts in the small
branch, such as anterior choroidal artery, lenticulostriate,
and thalamoperforators were seen in four cases, respective-
ly. These arteries have been found to be occluded against
the skull base, resulting in infarction on basal ganglia after
head traumas.**'">" In our study, infarction at the territory
of PCA was the most common, consistent with the results
of previous reports.>*"*? Extra-axial hematoma can direct-
ly attribute to shifting or stretching of the MCA due to its
mass effect or can indirectly affect MCA due to increased
ICP, severe brain edema or herniation. And thus lead to MCA
territory infarction.'>'"*"

PTCI can occur secondary to thrombo-embolic events
from injured carotid or vertebral arteries. Vertebral artery
dissection can occur in patients with head and neck trauma.
In one series, 70% of vertebral artery dissections were ac-
companied by headache and 64% by vertebrobasilar isch-
emic symptoms."® PTCI can also occur in a form of arterial
vasospasm. One study by Pasqualin et al."” reported inci-
dence of posttraumatic angiographic vasospasm as 2% to
41%. But, due to lack of routine angiographic work up, our
study has a limitation in figuring out factors affecting ver-
tebral artery dissection in association with arterial vaso-
spasm.

Our study suggested that increasing age (p=0.037), high-
er GCS at admission (p<0.01), brain herniation (p=0.044),
and decompressive craniectomy (p=0.012) were risk fac-
tors for PTCI in patients with TBI. There was no statistical
significance between cerebral infarction and sex (p=0.495)
or abnormalities of laboratory findings.

Decompressive craniectomy has been frequently per-
formed to control malignant brain edema by reducing ICP
and resistance to cerebrospinal fluid outflow with decreased
compression of cerebral vessels in cerebral infarction or trau-
ma patients."” It has long been suggested that decompres-
sive craniectomy can improve survival rates and functional
outcomes and decrease the occurrence of infarction in pa-



tients with severe brain edema when compared to medical
treatment alone.””” But, inevitable bulging of brain tissue
through the skull defect area in decompressive craniecto-
my can compress the brain tissue and vessels contained in
the bulged area and thus can lead to cerebral infarction by
inducing congestion, edema, ischemia and strangulation.
Because decompressive craniectomy was performed when
elevated ICPs threaten to cause lethal brain shifts, it may not
simply be associated with PTCI as a risk factor. There was
statistical significance between decompressive craniectomy
and PTCI, however, further studies are needed to demon-
strate these association.

Initial GCS score measuring post-resuscitative period was
the most important factor for prediction of survival in this
study. Decompressive craniectomy should be considered
in patients with a GCS higher than 6, before increased ICP
can contribute to an irreversible brain damage. On the oth-
er hand, the question of whether one should operate on a pa-
tient with a GCS of less than 6 or not, remains controversial.
Careful selection of patients is important in order to avoid
unnecessarily aggressive procedures in patients who have
little chance of benefit or anticipated medical futility.

By the fact that PCA and MCA territory are the most fre-
quently involved areas of the PTCI due to mechanical shifts,
it can be suggested that posterior cerebral infarction (pos-
terior temporal and occipital lobe) can be induced in medi-
al temporal lobe herniation by the compression of the PCA
against the rigid edge of the tentorium.” Also, in case of
ACA territory infarction, though the extent of infarction
would vary by the degree of anteriorly-directed transfalcine
herniation, it has been reported that the herniation of the
hemisphere across the midline can cause the compression
of the branches of the ipsilateral callosomarginal artery
against the free edge of the falx."

The mortality rate in the patients of GCS 7 to 11 with PTCI
in this study was 44.4%, significantly higher than in patients
having TBI without PTCI (p<0.01), when matched by ini-
tial GCS. A somewhat higher mortality rate was found in
PTCI group of GCS 3 to 6 and over 12, but the difference
was not statistically significant (p=0.083, p=0.947). PTCI,
as a complication in TBI, has been known to be an indica-
tor of poor clinical outcome.™"*? Similarly, our result proved
that PTCI is a direct manifestation of poor outcome. There-
fore, aggressive treatment, including surgical procedure in
patients with huge infarctions and refractory elevated ICP,
as well as the administration of anticoagulants or calcium
channel blockers, should be considered in patients with PTCL

There are several limitations to this study. First, because
this study was conducted at a single institution by a retro-
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spective review of medical record and radiographic imag-
es, some discrepancies in the data interpretation and un-
expected loss or omission of data might have been possible.
To achieve external validity, multicenter prospective inves-
tigation should be required. Second, the subgroup analysis
from a large population of different types of TBI patients is
necessary in future because the small sample size and het-
erogeneity of the patient population.

Conclusion

In this study, PTCI occurred in 21 patients (2.1%). And
PTCI results in high mortality rate and poor clinical out-
come. This study suggested that increasing age, GCS at
admission and brain herniation were risk factors for PTCI.
Early recognition of these factors and prompt treatment
may prevent PTCI, or at least minimize fatal consequences.

m The authors have no financial conflicts of interest.
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