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TraumaTic brain injury (TBI) constitutes the main 
cause of mortality and morbidity in young patients, 
and diffuse axonal injury (DAI) is thought to play a 

major role in these poor outcomes.15,24 Although the initial 
CT scan fails to accurately reveal DAI lesions, recent stud-

ies have found that the presence of intraventricular hemor-
rhage (IVH) on the initial CT scan predicts the presence 
of DAI lesions in the corpus callosum or brainstem (severe 
DAI),18,20 which are the two DAI locations associated with 
poor clinical outcome.3,10,23

ABBREVIATIONS DAI = diffuse axonal injury; DWI = diffusion-weighted imaging; EDH = epidural hematoma; GCS = Glasgow Coma Scale; GOSE = Glasgow Outcome 
Scale–Extended; IVH = intraventricular hemorrhage; NPV = negative predictive value; PPV = positive predictive value; SAH = subarachnoid hemorrhage; SWI = susceptibil-
ity weighted imaging; TBI = traumatic brain injury; tSAH = traumatic SAH.
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OBJECTIVE The objective of this study was to test the hypothesis that midline (interhemispheric or perimesencephalic) 
traumatic subarachnoid hemorrhage (tSAH) on initial CT may implicate the same shearing mechanism that underlies 
severe diffuse axonal injury (DAI).
METHODS The authors enrolled 270 consecutive patients (mean age [± SD] 43 ± 23.3 years) with a history of head 
trauma who had undergone initial CT within 24 hours and brain MRI within 30 days. Six initial CT findings, including 
intraventricular hemorrhage (IVH) and tSAH, were used as candidate predictors of DAI. The presence of tSAH was 
determined at the cerebral convexities, sylvian fissures, sylvian vallecula, cerebellar folia, interhemispheric fissure, 
and perimesencephalic cisterns. Following MRI, patients were divided into negative and positive DAI groups, and were 
assigned to a DAI stage: 1) stage 0, negative DAI; 2) stage 1, DAI in lobar white matter or cerebellum; 3) stage 2, DAI 
involving the corpus callosum; and 4) stage 3, DAI involving the brainstem. Glasgow Outcome Scale–Extended (GOSE) 
scores were obtained in 232 patients.
RESULTS Of 270 patients, 77 (28.5%) had DAI; tSAH and IVH were independently associated with DAI (p < 0.05). Of 
tSAH locations, midline tSAH was independently associated with both overall DAI and DAI stage 2 or 3 (severe DAI; p < 
0.05). The midline tSAH on initial CT had sensitivity of 60.8%, specificity of 81.7%, and positive and negative predictive 
values of 43.7% and 89.9%, respectively, for severe DAI. When adjusted for admission Glasgow Coma Score, the mid-
line tSAH independently predicted poor GOSE score at both hospital discharge and after 6 months.
CONCLUSIONS Midline tSAH could implicate the same shearing mechanism that underlies severe DAI, for which mid-
line tSAH on initial CT is a probable surrogate.
https://thejns.org/doi/abs/10.3171/2017.6.JNS17466
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Evidence has shown that IVH as an isolated initial 
CT finding is extremely rare; it is almost always associ-
ated with subarachnoid hemorrhage (SAH),8,11,18 which is 
the most common posttraumatic intracranial lesion and 
seen in 33%–60% of patients.10 Furthermore, many stud-
ies have suggested an association between the presence 
of traumatic SAH (tSAH) on initial CT and poor clini-
cal outcome.11–14 However, the mechanisms underlying the 
detrimental effect of tSAH are not yet understood, and an 
association between tSAH and DAI has never been estab-
lished in previous studies.

Some authors have speculated that further exploration 
according to the location or severity of tSAH might help 
elucidate its clinical significance.12,13 Based on our clini-
cal experience, we hypothesized that midline tSAH (inter-
hemispheric or perimesencephalic), which is commonly 
associated with IVH on initial CT, may implicate the same 
shearing mechanism that underlies severe DAI. In the 
hope of clarifying the mechanism underlying poor clini-
cal prognosis of some patients with tSAH, we retrospec-
tively examined 270 consecutive patients who underwent 
brain MRI within 30 days after onset in our institution. 
We sought to examine: 1) the relationship between various 
initial CT findings, including tSAH, and the presence of 
DAI on MRI; and 2) the relationship between the locations 
of tSAH on initial CT and DAI staging on MRI, which has 
never been investigated to the best of our knowledge.

Methods
Study Population

This study had IRB approval with waiver of informed 
consent of patients in this retrospective interpretation of 
prospectively acquired data. Since January 1, 2009, we 
have prospectively maintained a database of patients with 
a reported history of TBI, facial injury, or both (head trau-
ma), who were admitted to the emergency department of 
Tohoku University Hospital, a major tertiary referral hos-
pital in northeastern Japan. Because TBI of all severities 
is so frequently accompanied by facial injury,4,27 and the 
degree of coexistence between these lesions sometimes 
cannot be accurately established on clinical grounds with-
out imaging, we believed that it was appropriate to assess 
all of these patients together. Therefore, we have enrolled 
in our database 1189 consecutive patients with a reported 
history of closed head trauma who underwent a screening 
brain CT scan within 24 hours of injury between Janu-
ary 1, 2009, and December 31, 2013. Of the 1189 patients, 
we retrospectively identified 270 consecutive patients (age 
range 1–94 years, mean [± SD] 43 ± 23.3 years) who un-
derwent brain MRI within 30 days, following inclusion 
criteria in similar previous studies on DAI.3,6

At the time of their admission to the emergency de-
partment, clinical symptoms of TBI were mild (Glasgow 
Coma Scale [GCS] score 13–15) in 194 patients (71.9%), 
moderate (GCS score 9–12) in 41 (15.2%), and severe 
(GCS score 8 or less) in 35 (12.9%).

CT Evaluation
CT images were obtained as part of standard daily 

clinical care at our institution, using a 16-slice CT scan-

ner (Bright Speed Elite 2006, GE Healthcare) located in 
the emergency room. Only initial nonenhanced CT scans 
obtained within 24 hours after sustaining the head injury 
were considered in this study. At our institution, in patients 
with unstable clinical conditions, resuscitation and hemo-
dynamic stabilization are achieved prior to CT study.

Blinded to clinical information and the MRI findings 
of patients, a second-year neuroradiology fellow (D.M.M.) 
and an attending neuroradiologist (S.M.) with 4 and 15 
years of experience, respectively, in the imaging of neu-
rotrauma independently reviewed the initial CT scans. 
Consensus was used to solve disagreements between the 2 
readers. The readers’ data before consensus were used to 
calculate the agreement between the two readers.

Although the main purpose of this study was to docu-
ment the clinical significance of tSAH and its locations 
in relation to severe DAI, we believed that it was relevant 
to first assess the clinical value of tSAH among other ini-
tial CT findings with respect to the overall DAI disease. 
Therefore, as candidate CT predictors of DAI, we chose 
to use the following 5 initial CT items whose clinical sig-
nificance are sufficiently validated in Marshall and Rot-
terdam CT scores:14,16,17,18 basal cistern status, presence of 
midline shift, presence of epidural hematoma (EDH), vol-
ume of the hemorrhagic mass, and presence of IVH and/or 
tSAH. The 5 initial CT items were defined and measured 
according to previous reports.14,16–18

Regarding tSAH, we specifically determined its pres-
ence or not at the following 6 locations: cerebral convexi-
ties, sylvian fissures, sylvian vallecula (i.e, CSF spaces be-
tween frontal and temporal lobes containing the horizontal 
branch of the middle cerebral artery), interhemispheric 
fissure, cerebellar folia, and perimesencephalic cisterns 
(including the interpeduncular fossa, ambient cisterns, and 
quadrigeminal cistern).

Evaluation of MRI
MRI studies in our patients were performed using one 

of the two 1.5-T MRI units (Signa Horizon LX, GE Medi-
cal Systems, or Intera Achieva Nova Dual, Philips Medi-
cal Systems) equipped with a conventional head coil. Pa-
tients were randomly allocated to either MRI machine for 
their scans.

Blinded to clinical information and CT findings of pa-
tients, two neuroradiologists (T.M. and S.T.) with 10 and 25 
years of experience, respectively, independently reviewed 
the initial MRI for the presence of DAI using diffusion-
weighted imaging (DWI), axial FLAIR imaging, and axial 
turbo spin echo T2-weighted imaging for nonhemorrhagic 
DAI and axial T2*-weighted gradient echo imaging and 
susceptibility weighted imaging (SWI, additionally per-
formed in 17 patients) for hemorrhagic DAI. As grading 
of DAI on MRI was one of the outcomes in this study, to 
ensure appropriate assignment of patients to groups, each 
reader reviewed MR images twice with the second review 
occurring at least a month after and blind to the first re-
view to minimize bias. Consensus was used to solve dis-
agreements between reviewers. The reviewers’ data before 
consensus were used to calculate interobserver and intra-
observer agreement.

Hemorrhagic and nonhemorrhagic DAI were defined 
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according to previous studies.20,25 Based on the MRI re-
sults, we classified all 270 patients into two settings. First, 
patients were categorized as DAI (hemorrhagic and non-
hemorrhagic) or no DAI. Then, patients were assigned to 1 
of the 4 DAI stages,1,5 a measure that was reported to sig-
nificantly predict outcome in patients. These 4 DAI stages 
are: 1) stage 0, no DAI; 2) stage 1, DAI lesions confined 
to the lobar white matter or cerebellum; 3) stage 2, DAI 
lesions located in the corpus callosum with or without le-
sions of stage 1; and 4) stage 3 (the worst), DAI lesions 
located in the brainstem with or without lesions of stages 
1 and/or 2.

Clinical Outcome
Neurological impairment was assessed by the 8-point 

Glasgow Outcome Scale–Extended (GOSE) applied by a 
neurosurgeon (A.N.) with 10 years of experience in head 
trauma management, using a structured interview.6,26 Poor 
outcome was defined as a GOSE score ≤ 4.

Of the 270 patients, 16 (5.9%) were lost at the 6-month 
follow-up and 24 patients (8.9%) less than 17 years old 
were excluded because the GOSE was developed for adult 
patients only.22,23 Finally, the GOSE score was obtained 
in 232 patients (85.9%) at hospital discharge (early) and 6 
months after injury (long term).

Analysis and Statistics
To test the hypothesis that the presence of tSAH on 

initial CT was associated with overall DAI, we examined 
the relationship between all 6 initial CT findings, includ-
ing tSAH and IVH, and the presence of DAI on MRI 
using multivariate logistic regression. We ran the test 
twice, i.e., the variables tSAH and IVH were put into the 
logistic regression model first, combined into 1 variable 
(IVH/tSAH) as included in the Rotterdam score.14 Next, 
we separated IVH/tSAH into two different items of IVH 

and tSAH.17 When tSAH was proved to be associated with 
DAI, we further examined the relationship between tSAH 
locations and both overall DAI and severe DAI.

Finally, when an association between midline tSAH 
on initial CT and severe DAI was found, we assessed the 
clinical relevance of midline SAH. First, we calculated the 
sensitivity, specificity, and positive and negative predictive 
values (PPVs and NPVs) of midline tSAH in the predic-
tion of severe DAI. Next, midline tSAH and IVH were 
adjusted for GCS score in the prediction of poor outcome 
(GOSE) using multiple logistic regression.

All statistical analyses were performed using JMP Pro 
software (version 10, SAS Institute, Inc.) and p values < 
0.05 were considered statistically significant.

Results
DAI Detected by MRI

The two neuroradiologists agreed on DAI stages in 
254 of 270 patients (weighted kappa = 95.9%). The intra-
observer agreement was 98% for reader 1 and 99% for 
reader 2.

Of the 270 patients, 77 (28.5%) had DAI on MRI. Re-
garding the stage of DAI, 193 patients (71.5%) had DAI 
stage 0 (no DAI), 26 patients (9.6%) had stage 1, 31 pa-
tients (11.5%) has stage 2, and 20 patients (7.4%) had 
stage 3. The majority (74%, 57 of 77) of patients with DAI 
showed coexistence of hemorrhagic and nonhemorrhagic 
DAI lesions. Hemorrhagic DAI lesions alone were noted 
in 12 patients (15.6%), whereas nonhemorrhagic DAI le-
sions alone were detected in 8 (10.4%).

Patient Clinico-Demographics and DAI
The GCS score was significantly lower in patients with 

DAI (p < 0.0001, Table 1). No statistically significant dif-
ferences were noted between the DAI and no-DAI groups 

TABLE 1. Demographic and clinical characteristics of patients

Variable No.
DAI p  

ValuePresent Absent

No. of patients 270 77 (28.5) 193 (71.5)
Mean age ± SD (yrs) 43 ± 23.3 41.2 ± 21.9 43.8 ± 23.9 0.3870
Sex 0.8869
 Male 198 (73.3) 56 (72.7) 142 (73.6)
 Female 72 (26.7) 21 (27.3) 51 (26.4)
Mean GCS score ± SD 12.6 ± 3.2 10.7 ± 3.8 13.3 ± 2.6 <0.0001
Cause of accident 0.1176
 Traffic accident 160 (59.3) 54 (70.1) 106 (54.9)
 Fall 93 (34.4) 22 (28.6) 71 (36.8)
 Others 17 (6.3) 1 (1.3) 16 (8.3)
Median time from onset until MRI in days (25th, 75th percen- 
 tile)

4 (1, 9) 4 (2, 8.5) 3 (1, 10) 0.3986

Median GOSE score at discharge (25th, 75th percentile)* 7 (4, 8) 5 (4, 7) 7 (5, 8) <0.0001
Median GOSE score 6 mos later (25th, 75th percentile)* 8 (5.25, 8) 7 (4.5, 8) 8 (6, 8) <0.0001

Data given as number of patients (%) unless otherwise indicated. The demographic and clinical data were statistically analyzed using Fisher’s 
exact test or Wilcoxon rank-sum test. Boldface type indicates statistical significance.
* Uses 8-grade scale.
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regarding age, sex, cause of injury, or time between injury 
and initial MRI of patients (p > 0.05).

Of 232 patients assessed with the GOSE, poor out-
comes were noted in 63 patients (27.1%) at hospital dis-
charge and in 38 patients (16.4%) at 6 months after injury. 
The DAI stage was significantly and negatively correlated 
with GOSE score at discharge (ρ = -0.30, p < 0.0001) 
and at 6 months (ρ = -0.29, p < 0.0001). Patients with 
severe DAI (stage 2 or 3) showed significantly poor GOSE 
score at both discharge (p = 0.0003) and at 6 months (p = 
0.0001).

Relationship Between Initial CT Findings and DAI
In our study, overall tSAH was noted in 114 patients 

(43%), among whom midline tSAH was found in 72. Of 
77 patients with DAI, 52 (67.5%) demonstrated tSAH with 
38 of them having midline tSAH (49.4%), while 14 pa-
tients (18.2%) showed tSAH only in a location other than 
midline. Of 51 patients with severe DAI, 40 (78.4%) dem-

onstrated tSAH with 31 of them (60.8%) having midline 
SAH, while 9 patients (17.6%) showed tSAH only in a lo-
cation other than midline.

IVH was noted in 28 (10.4%) of 270 patients (Table 2). 
Only 1 (3.6%) of the 28 patients with IVH exhibited IVH 
as the singular CT finding, while 26 patients (92.8%) had 
IVH associated with tSAH, and another patient (3.6%) 
had IVH without tSAH but with a contusion on initial CT. 
Conversely, 22.8% of the 114 patients with tSAH had IVH 
and 29.1% of the 72 patients with midline tSAH had as-
sociated IVH.

In the setting of IVH combined with tSAH in 1 vari-
able, of the 5 initial CT findings, the item of IVH/tSAH 
was independently associated with DAI (adjusted odds 
ratio [OR] = 5.2, p < 0.0001). When IVH/tSAH was split 
into two separate variables of IVH and tSAH, of the 6 
initial CT findings, the items of IVH and tSAH were inde-
pendently associated with DAI (IVH adjusted OR = 3.0, 
p = 0.0130; tSAH adjusted OR = 3.6, p < 0.0001; Table 2).

Relationship Between the Location of tSAH and DAI
Only the two midline (interhemispheric and perimes-

encephalic) tSAH locations were independently associ-
ated with overall DAI disease (both p < 0.05) and severe 
DAI (both p < 0.05; Table 3, Figs. 1 and 2). Even when ad-
justed for other initial CT findings, including IVH, the two 
midline tSAH locations (both p < 0.05) remained inde-
pendently associated with DAI, along with IVH (Table 4).

Clinical Relevance of Midline SAH
The presence of midline tSAH on initial CT had a sen-

sitivity of 60.8%, specificity of 81.7%, PPV of 43.7%, and 
NPV of 89.9% in predicting severe DAI. The admission 
GCS score and presence of midline SAH were indepen-
dently associated with poor outcomes at both hospital dis-
charge (GCS score OR = 18.1, p < 0.0001; midline tSAH 
OR = 2.7, p < 0.007) and 6 months after injury (GCS score 
OR = 6.4, p = 0.0125; midline tSAH OR = 2.7, p = 0.0157).

Discussion
We have documented that tSAH and IVH detected on 

initial CT were independently associated with DAI on 
subsequent MRI. Of the tSAH locations, the midline (in-
terhemispheric and perimesencephalic) tSAH specifically 

TABLE 2. Relationship between the 6 initial CT findings and the 
presence of DAI on subsequent MRI using multivariate logistic 
regression

CT Items No.
Multivariate Analysis

Adjusted OR 95% CI p Value

Basal cistern status
 Normal 257 (95) 1.1 0–45.4 0.9410
 Compressed 9 (3) 2 0.2–29.7 0.5712
 Absent 4 (1) 2.4 0–133.9 0.6524
Midline shift 15 (6) 1.3 0–48.7 0.8583
EDH 19 (7) 1.4 0.4–4.4 0.5405
tSAH 114 (43) 3.6 2–7 <0.0001
IVH 28 (10) 3 1.3–7.6 0.0130
Volume of hemor-

rhagic mass (ml)
  Absent 188 (70) 0.9 0.4–1.8 0.8024
  <25 68 (25) 0.5 0–2.2 0.4946
  ≥25 14 (5) 0.5 0–2.2 0.3769

Data given as number of patients (%) unless otherwise indicated. Boldface 
type indicates statistical significance.

TABLE 3. Results of multivariate logistic regressions of the 6 locations of tSAH on initial CT in predicting overall DAI or severe DAI disease

tSAH locations
No.  
(%)

Overall DAI Disease (Present vs Absent)* Severe DAI (Present vs Absent)†
Adjusted OR 95% CI p Value Adjusted OR 95% CI p Value

Cortex 100 (37) 1.7 0.6–4.0 0.2520 2.5 0.9–6.5 0.0802
Sylvian fissure 69 (26) 1.7 0.6–4.1 0.2634 1.5 0.6–3.8 0.4012
Sylvian vallecula 50 (19) 1.3 0.5–3.4 0.6109 1.1 0.4–2.8 0.8258
Interhemispheric fissure 27 (10) 5.8 1.9–21.4 0.0015 3.4 1.1–12.1 0.0322
Cerebellar folia 13 (5) 2 0.5–8.2 0.3319 2.0 0.5–7.9 0.3432
Perimesencephalic cisterns 57 (21) 5.4 2.4–13.1 <0.0001 4.2 1.8–10.2 0.0007
Boldface type indicates statistical significance.
* Overall DAI disease = DAI of any stage (1, 2, or 3), present or not.
† Severe DAI = presence of DAI located in the corpus callosum, brainstem, or both (DAI stage 2 or 3).
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was associated with both overall DAI disease and severe 
DAI, and its absence had high specificity (81.7%) and high 
NPV (89.9%) in excluding severe DAI. In addition, we 
showed that midline tSAH was independently associated 
with poor early and long-term outcome.

Posttraumatic brain lesions occur mainly by two major 
mechanisms: contact with the skull (direct injuries) and 
shearing strain (indirect injuries).7 The association be-
tween IVH and DAI has been attributed to the fact that 
both are produced mainly by the latter mechanism.18,19 The 
association found in this study between midline tSAH and 
severe DAI suggests that some midline superficial vessels 
might also be torn during the shearing strain: the rigid 
structures (clivus or falx) at midline could serve as piv-
otal points for vessel twisting, resulting in midline tSAH 

concomitantly with IVH and DAI. Thus, we believe that 
midline tSAH and IVH should be considered a marker of 
strong shearing forces.

To our knowledge, this is the first study to clearly es-
tablish the relationship between midline tSAH and severe 
DAI. Conversely, when midline tSAH is not present on 
initial CT, strong shearing strain may not be the main 
mechanism of TBI and severe DAI is less likely to be 
noted on MRI. This is supported by our results showing a 
relatively high specificity and high NPV of midline tSAH 
for severe DAI. However, among 51 patients with severe 
DAI, 11 (21.6%) did not show tSAH and 9 (17.6%) showed 
tSAH only in locations other than midline. These findings 
allowed us to speculate that SAH, which is a dynamic le-
sion, can circulate or resolve, especially in patients scanned 

FIG. 1. Images obtained in a 41-year-old man who was a victim of a car accident. On admission to the emergency department, his 
GCS score was 7/15. The initial CT performed 25 minutes after admission shows tSAH in the perimesencephalic cistern (A, white 
arrows), in the interhemispheric fissure (B, arrow), and in the right sylvian fissure (A, black arrow) and vallecula (not shown) that 
led to a tSAH score of 4. No hemorrhagic mass such as a contusion was noted in the brain parenchyma. Initial CT also showed 
multiple facial fractures and hemosinuses (not shown). On MRI performed 10 days later, nonhemorrhagic DAI lesions are seen in 
the corpus callosum on DWI (C, arrow) and on T2-weighted MRI (D, arrow; DAI stage 2 = severe DAI). The patient showed a poor 
clinical outcome at hospital discharge and 6 months later.
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late after onset of trauma. This could explain the relatively 
lower sensitivity and PVV of tSAH for severe DAI noted 
in this study. With this in mind, in the absence of midline 
SAH, clinical parameters (specifically GCS score) should 
also be considered to support the indication or not to un-
dergo subsequent MRI.

We also believe that our results could explain an impor-
tant clinical question that has persisted for a few decades: 
“Why do some patients with tSAH show poor clinical out-
come?”14,16 Our finding regarding the association between 
midline tSAH and both severe DAI and early or long-term 
poor GOSE score suggests that poor outcomes observed in 
some patients with tSAH are probably due not to tSAH it-
self but to severe DAI that is not readily detected by initial 
CT, for which midline SAH is a probable surrogate.

In the literature there have been a few studies that have 
assessed the predictive value of initial CT findings with re-
gard to DAI.2,18,19 Two recent studies have shown that IVH, 
but not tSAH, was the only predictor of DAI on initial 
CT,18,19 whereas in our present study, both tSAH and IVH 

were independent predictors of DAI. The discrepancies of 
these results might be explained by differences in inclusion 
criteria, as the 2 other studies were based only on patients 
with a clinical diagnosis of TBI (excluding patients with 
facial injury), whereas the present study included patients 
with a reported history of trauma anywhere in the head 
region who received both brain CT and MRI. Our inclu-
sion criterion was also guided by a previous study that has 
shown an association between facial fracture and DAI.27 
Inclusion of patients with facial trauma increased the num-
ber of mild TBI cases (71.9% in the present study vs 63.9% 
in 1 of the previous series18). Although tSAH can result 
from both direct and indirect injuries, tSAH is more likely 
to result after severe rather than more mild cases of TBI, 
which we suspect has blurred the statistical significance of 
tSAH from indirect injuries in previous studies. By includ-
ing patients with facial trauma, the present study might 
have alleviated this blurring effect and therefore revealed 
the strong association between tSAH and DAI. From these 
conflicting results, it is possible that even facial trauma 

FIG. 2. Images from a 17-year-old woman who was a victim of a car accident. Her initial GCS score at admission to the emergency 
room was 6/15. The initial CT scan (A) performed 30 minutes after onset shows perimesencephalic SAH (arrows) as the only 
lesion (tSAH score = 1). MRI was subsequently performed 7 days later. Axial T2*-weighted MRI (B) shows hypointense foci (arrow) 
in the right lateral aspect of the brainstem, consistent with hemorrhagic DAI. Axial DWI (C) shows high signal intensity in the sple-
nium (arrow). Sagittal T2-weighted MRI (D) revealed hyperintense foci in the corpus callosum (arrows). This patient had a midline 
SAH on initial CT, and the subsequent MRI revealed the diagnosis of DAI stage 3 (the most severe DAI). The patient showed a 
poor clinical outcome at hospital discharge and 6 months later.
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may lead to tSAH and/or DAI, but this is outside the scope 
of the present study. A dedicated study is necessary to bet-
ter understand the relationship between the severity and/or 
location of facial trauma and DAI.

Our study has some limitations. First, most patients did 
not receive SWI in addition to T2*-weighted MRI, which 
might have caused an undercount of hemorrhagic DAI le-
sions. However, our protocol is consistent with almost all 
previous studies that assessed this “DAI grading,” in that 
they used T2*-weighted MRI, not SWI,10,18,20,23 thereby al-
lowing comparison. Also, the term “DAI” in this study 
was used for not only hemorrhagic DAI but also nonhem-
orrhagic DAI, the latter of which represented more than 
80% of overall DAI disease in this study, consistent with 
previous reports.5,9,21 Therefore, we believe that the lack 
of SWI in most of the patients may not significantly com-
promise the information regarding the “presence or not 
of DAI,” which this study wishes to convey. Second, of 
the 1189 patients who underwent CT at admission, only 
270 subsequently underwent MRI. This was due to milder 
injuries in the other patients with no clinical indication 
for further investigation, a finding that is consistent with 
the daily clinical practice in Japan. Third, our sample had 
a relatively small number of patients with DAI (n = 77), 
which could affect the statistical power of some of our 
multiple logistic regressions.22

Conclusions
Midline tSAH could implicate the same shearing 

mechanism that underlies severe DAI, for which midline 
tSAH is a probable surrogate. Therefore, the presence of 
midline tSAH on initial CT was associated with poor early 
and long-term outcomes, probably due to severe DAI. Con-

versely, the absence of midline tSAH on initial CT was a 
reliable marker to exclude severe DAI.
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