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MATERIALS AND METHODS

We calculated TAS in both patients with traumatic and spon-
taneous CI. We selected two typical cases of traumatic CI from 
the Korean literature. Both cases were reported as traumatic 
CIs9,15). We also selected consecutive 50 patients, who admitted 
this hospital in 2012 due to spontaneous CI. CI was confirmed 
by magnetic resonance imaging and/or computed tomography 
(CT). CI was classified into lacunar infarction (23 cases), territory 
infarction (22 cases), border-zone infarction (3 cases), and cere-
bellar infarction (2 cases) by the radiological findings. TAS for CI 
was consisted with three items, such as the age, the interval from 
injury to CI, and the Glasgow coma score (GCS) after the TBI 
(Table 1). When TAS was calculated in the patients with sponta-
neous CIs, the interval and GCS scores were supposed as 3 (within 
7 days) and 1 (GCS 13–15).

To enhance the reliability, we revised TAS (rTAS) adding three 
more items, such as systemic illness, bad health habits, and doc-
tor’s opinion (Table 2). We also calculated rTAS in selected pa-
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tients with typical and spontaneous CIs. The doctor’s opinion was 
supposed as 2 (obscure). 

RESULTS

The TAS was 8 in the 26-year-old male15), which implied the 
apportionment ranged 80 to 100 percent. However, the TAS was 
only 4 in the 38-year-old male9), which implied the apportion-

ment ranged 50 to 70 percent. Even in 50 patients with spontane-
ous CI, the TAS was 4 in 44 patients, and 5 in 6 patients (Table 
3). TAS 4 or 5 meant the apportionment reached up to 70 per-
cent. TAS with three items failed to differentiate the apportion-
ment of trauma efficiently, especially when the age was young. 

We recalculated rTAS in both patients with traumatic and 
spontaneous CI. In 50 patients with spontaneous CI, the rTAS 
was less than 12 in 36 patients, and 12 in 11 patients (Table 4). 
The rTAS was 17 in the 26-year-old male15), which implied the 
apportionment ranged 81 to 100 percent. The rTAS was still 12 in 
the 38-year-old male9), which implied the apportionment ranged 
only 21 to 40 percent. Although the rTAS may enhance the dis-
criminating ability, there were still significant overlapping areas. 

DISCUSSION

The TAS was only 4 even in a patient with traumatic CI. Fur-
thermore the TAS 4 or 5 was quite common in patients with 
spontaneous CI. TAS with three items only failed to differenti-
ate the traumatic CI from the spontaneous CI efficiently. 

Posttraumatic CI is a well-known complication of TBI, with a 
frequency ranging from 1.9% to 10.4%2,6,12,14,16,17). Posttraumatic 
CI may occur secondary to focal mass effect, vascular impinge-
ment usually caused by herniation, cerebral vasospasm, throm-
boembolism, cerebrovascular injury, systemic hypoperfusion or 
venous congestion at craniectomy sites6,12,14,16). The multivariate 
analysis identified that low GCS, low systolic blood pressure (BP), 
brain herniation, and decompression craniotomy were risk fac-
tors for CI in patients with moderate or severe TBI17). To diagnose 
a traumatic CI, the following criteria should be satisfied : 1) there 
should be a radiological evidence, 2) there should be an acute on-
set of corresponding clinical signs and symptoms, and 3) patients 

Table 1. Trauma apportionment score (TAS) for cerebral infarction11)

Item Characteristics Score
Age (year) ≤20 3

21–40 2
41–60 1
>60 0

Interval (days) ≤7 3
08–14 2
15–40 1
>40 0

GCS ≤8 3
09–12 2
13–15 1

TAS=sum of 3 score; TAS 1=trauma apportionment rate 0–10%; TAS 2–3=trau-
ma apportionment rate 20–40%; TAS 4–5=trauma apportionment rate 50–70%; 
TAS 6–9=trauma apportionment rate 80–100%. GCS : Glasgow coma score

Table 2. Revised trauma apportionment score (rTAS) for cerebral infarc-
tion

Item Characteristics Score
Age (year) ≤20 3

21–40 2
41–60 1
>60 0

Interval (day) ≤7 3
08–14 2
15–40 1
>40 0

GCS ≤8 3
09–12 2
13–15 1

Systemic illness No 3
Diabetes or hypertension 2
Diabetes+hypertension 1

Bad habit No 3
Alcohol or smoking 2
Alcohol+smoking 1

Doctor’s opinion Traumatic 3
Obscure 2
Spontaneous 1

rTAS=sum of 6 scores; rTAS –8=trauma apportionment rate 0%; rTAS 9–10=trau-
ma apportionment rate 1–20%; rTAS 11–12=trauma apportionment rate 21–40%; 
rTAS 13–14=trauma apportionment rate 41–60%; rTAS 15–16=trauma apportion-
ment rate 61–80%; rTAS 17–18=trauma apportionment rate 81–100%. GCS : 
Glasgow coma score

Table 3. The distribution of the TAS in 50 consecutive patients with spon-
taneous cerebral infarction

TAS Lacunar Inf Territory Inf Others Total
3 00 00 0 00
4 21 18 5 44
5 02 04 0 06
6 00 00 0 00

Total 23 22 5 50
TAS : trauma apportionment score, Inf : infarction 

Table 4. The distribution of the revised trauma apportionment score 
(rTAS) in 50 consecutive patients with spontaneous cerebral infarction

rTAS Lacunar Inf Territory Inf Others Total
09 02 01 0 03
10 09 04 2 15
11 07 08 3 18
12 04 07 0 11
13 01 02 0 03

Total 23 22 5 50
Inf : infarction 
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should not have a history of cerebral infarction or low-density 
lesions as possible surgical or traumatic complications17). As a ra-
diological evidence, there should be a distinctly low-density area 
within a defined cerebral vascular territory, involving the entire 
territory (complete) or part of it (incomplete), or situated in the 
terminal zones of perforating arteries within the deep white 
matter was identified on repeated CT scans, and the admission 
CT revealed no abnormality in same area17). However, these cri-
teria cannot be sufficient to evaluate the causation of the CI af-
ter TBI. Since a spontaneous CI can be developed after a TBI, a 
CI after a TBI does not mean the cause is trauma. To evaluate the 
causation or apportionment of trauma on the CI, we should ex-
plore various risk factors of ischemic strokes and pathophysio-
logical effects of TBIs. That is the reason that the TAS was pro-
posed. TAS for CI was made using the following three items.

The incidence of stroke rises exponentially with age and is 
therefore low in young adults5). Only 3 % of CIs occur in patients 
under the age of 407), and about 10% of all strokes occur in pa-
tients <50 years of age8). In Korea, about 5% of spontaneous CIs 
including transient ischemic attacks, occurred in patients under 
the age of 404). Injury itself alters hemostasis, although the exact 
pathways remain elusive18). Platelet aggregation was not associ-
ated with injury severity, shock or severe brain injury18). TBI was 
independently associated with subsequent ischemic stroke1). It 
was associated with a 10.2-, 4.6-, and 2.3-fold increased risk of 
subsequent stroke during 3 months, 1 year, and 5 years of follow-
up, respectively3). The risk of stroke among patients with skull 
fracture was more pronounced than among patients without 
skull fracture, both compared with those in the comparison co-
hort3). In addition, the risk of subarachnoid hemorrhage and 
intracerebral hemorrhage increased more considerably in pa-
tients with TBI, compared with individuals unaffected by TBI. 
The mechanism by which a TBI may influence the incidence of 
stroke is still vague. Yet, several possibilities such as direct dam-
age to the vessels, clot formation at the site of injury and other 
parts of the head, or loosening of clots from an atherosclerotic 
blood vessel, could help explain the link between TBI and stroke3). 
Even in the aged victims, trauma can evoke platelet aggregation, 
which result CI. Although we cannot ignore the role of trauma 
in the aged, the apportionment of trauma will be more impor-
tant in the young patients than in the aged patients. Tradition-
ally, lacune infarctions were considered as spontaneous infarc-
tions, since the 2 most common causes of them are atherosclerosis 
and lipohyalinosis in the adult population. However, ischemia 
of the basal ganglia may result from stretching or vasospasm of 
perforating arteries as an immediate consequence of minor head 
trauma in children and young adult10,21).

The interval from injury to CI can be an important clue to pre-
sume the apportionment of the trauma. Traumatic CI developed 
early in the clinical course (median 8.7 days, range 1–59 days), 
usually within 2 weeks after the injury17). It appeared within the 
first week in 31%, 8 days to 2 weeks in 43%, 2 to 3 weeks in 14%, 
3 weeks to 1 month in 7%, and 1 to 3 months in 5%17). In pediat-

ric ages, most (26/29) of the patients developed the neurological 
symptoms and signs within 72 hours after trauma, 51.7% within 
30 minutes19). The risk of CI after TBI is highest within the first 
week, then rapidly diminished. Although TBI was independent-
ly associated with a 2.3-fold increased risk of subsequent stroke 
during up to 5 years of follow up3), the probability of causation 
would be decrease with time.

The severity of the TBI was also an important component of 
TAS. The occurrence of traumatic CI was significant correlated 
to low systolic BP, brain herniation, admission GCS, and de-
compressive craniectomy6,17). Infarction was primarily due to gross 
mass effects producing transfalcine and/or transtentorial herni-
ation and occurred in a wide variety of vascular territories12). Brain 
herniations are more common in severe TBIs. The probability of 
CIs after mild TBIs will be very lower than CIs after severe TBIs. 
Anyway, TAS with these three items was not so useful. 

Adding three items more, such as systemic illness, bad health 
habits, and doctor’s opinion, rTAS was proposed. For ischemic 
stroke, nine risk factors, such as hypertension, smoking, abdom-
inal obesity, diet, physical activity, diabetes mellitus, alcohol in-
take, psychosocial factors, and apolipoproteins, accounted for 
about 90% of the population-attributable risk13). Hypertension, 
diabetes, and cardiac disorders were present in 47%, 16%, and 
8% of patients with CI in Korea, respectively4). We selected two 
most common disorders, hypertension and diabetes, as a com-
ponent of the rTAS. 

As bad health habits, smoking and drinking were added. Tra-
ditional risk factors for stroke such as hypertension and diabetes 
are not very frequent in young adults5). However, current smok-
ing, and long-term heavy alcohol consumption are major risk 
factors for stroke in young adults, along with diabetes, hyper-
tension, and heart disease20). Of course, there are some other per-
manent or transient risk factors such as oral contraceptives, mi-
graine, use of illicit drugs, and pregnancy or puerperium5). We 
should consider all these risk factors along with any evidences 
of traumatic brain injury to determine the causation. However, 
it was hard to reflect all these factors to the scoring system. 

Finally, doctor’s opinion was added to the rTAS. The role of 
trauma cannot be fully assessed by the five components of the 
rTAS. There may be a direct evidence of trauma or sufficient 
evidences of spontaneous origin. The doctor may influence on 
the score, by careful considerations on the all other components 
related to the causation of the CI.

The interval and GCS scores were artificially supposed as 3 
(within 7 days) and 1 (GCS 13–15) to simulate obscure CIs. If 
the interval was longer than 7 days, the rTAS would be low, which 
means the possibility of traumatic CI would be decrease. In this 
condition, differentiation of traumatic CIs from spontaneous 
CIs will be easy. Severe head injury may cause traumatic CIs. If 
the GCS was low (≤8), the rTAS will increase 2 points. Although 
differentiation of traumatic CIs from spontaneous CIs will be 
obscure, actually the possibility of traumatic CI would be in-
crease. Traumatic origin would be accepted in severe head inju-
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ries. In practice, argument on the causation is more common in 
mild head injuries. In all patients with spontaneous CI, the TAS 
was 4 or 5. Although the interval and GCS scores were again sup-
posed as 3 and 1, the rTAS was not more than 11 in more than 70% 
of the spontaneous CI. Compared to TAS, rTAS definitely en-
hanced the discriminating ability. However, there were still sig-
nificant overlapping areas. When the doctor thought the causa-
tion was obscure, even in spontaneous CIs, the rTAS reached up 
to 13 in 3 patients, which implied trauma apportionment rate as 
41–60%. Although the rTAS may enhance the reliability, it should 
be used with cautions. Final decision should not be made by the 
rTAS alone. Expert witness should provide probability based on 
the scientific facts and data. 

CONCLUSION

TAS alone is insufficient to differentiate the cause or apportion-
ment of trauma in some obscure cases of CI. Although the rTAS 
may enhance the reliability, it also should be used with cautions. 
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