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had led him to be observed in our hospital because of head-
ache. He was discharged with continuous headaches but 
without deterioration. The headache was deep-seated and 
relieved by the usual analgesics. The Glasgow Coma Scale 
(GCS) score was reported to be 15 on the initial neurological 
exam right after the trauma, and CT scan revealed no hema-
tomas except some hemorrhage of the interhemispheric fis-
sure cistern (Fig. 1A). 

On his second admission, the patient was lethargic, had a 
stiff neck and slight paralysis of the right lower limb, and 
urinary incontinence, and the cranial CT disclosed a massive 
hyperdense mass in the CC from the genu to the splenium 
(Fig. 1B). Assuming that a ruptured traumatic aneurysm or 
an arteriovenous malformation caused the hematoma, an 
emergency computed tomography angiography (CTA) was 
performed, but it yielded no pathological results. Repeat 
CTA, digital subtraction angiography (DSA), and magnetic 
resonance imaging (MRI) were performed on days 4, 7, and 
8 after the second admission, respectively, to explore the 
potential etiology of the hematoma. However, no pathology 
was noted (Fig. 2A–D). Blood count, blood chemistry, 
bleeding, and coagulation times were found to be normal. 
The patient had no systemic disease such as high blood pres-
sure, diabetes, or liver disease, or was not using of aspirin or 
anticoagulant medications. 

Because no neurological deterioration was observed after 
admission, conservative medical management was under-
taken, including antiedematous treatment, antiepileptic 
therapy, anti-vasospasm therapy, and haemostatic therapy. 
The patient’s condition improved gradually. Three weeks 
later, the patient was discharged with no obvious neurological 
deficit except slight left-handed apraxia. Three months later, 
a follow-up DSA image showed no demonstrable vascular 
abnormality (Fig. 2B).

II. Case 2
A 39-year-old man who had no demonstrable predis-

posing abnormalities was admitted approximately 2 hours 
after being involved in an accidental fall. He fell down 
from a height of about 3 metres, and he recovered after a 
transient period of unconsciousness. An emergency CT 
scan demonstrated subarachnoid hemorrhage (hemorrhage 
of the interhemispheric and right sylvian fissures) and right 
temporal and occipital bone fractures but no evidence of 
an intracranial hematoma (Fig. 1C). Coagulation function 
was normal.

Approximately 12 hours after the injury, the patient looked 

A delayed massive traumatic hematoma in the corpus 
callosum is extremely rare. We report two cases with a 
delayed massive callosal hematoma caused by blunt 
head trauma. A massive callosal hematoma was diag-
nosed by computed tomography (CT) 2 weeks after a 
minor head injury in a 29-year-old man. A similar but 
larger hematoma developed 12 hours post-trauma with 
acute onset of consciousness disturbance in a 39-year-
old man. Emergency CT angiography revealed no vascu-
lar pathologies in either case. The first patient was 
managed conservatively and recovered, whereas the 
second patient was treated surgically and died. The lit-
erature was reviewed regarding the possible mechanism 
of production of these lesions following head injury and 
therapeutic considerations are discussed.
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Introduction
Since computed tomographic (CT) scans began to be used 

in the clinical field, deep-seated hemorrhagic lesions caused 
by head injuries have been clearly demonstrated. However, 
massive traumatic hematomas in the region of the corpus 
callosum (CC) have been found to be uncommon, and 
delayed hematoma in this region is very rare, although small 
hemorrhagic foci in the CC or surrounding structures are 
frequently seen in shearing injuries of the cerebral white 
matter1) or in diffuse axonal injuries (DAIs).2,3) Little is 
known about delayed hematomas in the CC, and generally 
they are mentioned only incidentally among other findings. 
In this report, two cases with delayed massive hematoma of 
the CC produced by blunt head injury are described, and 
their possible dynamic mechanisms as well as clinical con-
siderations are discussed.

Case Reports
I. Case 1

A 29-year-old man was admitted with complaints of gradu-
ally deteriorating dizziness for over 2 days and subsequent 
vomiting. His history revealed that he had been hit on the left 
occiput of his head by a golf ball 2 weeks previously, which 
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pale and he began yelling and then experienced acute onset 
of consciousness disturbance, right limb movement disorder, 
vomiting, and urinary incontinence. Physical examination 
disclosed a light coma with a GCS score of 9 (E2, V2, M5), 
brisk and equal corneal and light reflexes, and slight paral-
ysis of the right lower limb. 

A CT scan of the brain was obtained which revealed a mas-
sive hemorrhage of the CC extending from the genu to the 
body and the splenium without intraventricular hemorrhage 
(Fig. 1D). An emergency CTA was conducted to rule out the 
possibility of incidental rupture of an arteriovenous malfor-
mation or of aneurysms (Fig. 2E, F). Because of the neuro-
logical deterioration, surgery was undertaken without any 
further diagnostic measures. Severe swelling of the brain was 
discovered during surgery, so decompressive craniectomy and 
external ventricular drainage were performed. Postoperatively, 
the patient remained comatose with sensitive pupillary light 
reflex. Throughout the next 13 hospital days, bone window 
tension or intracranial pressure (ICP) were almost normal. 
The patient’s condition deteriorated without evidence of 

further rebleeding on CT, and angiography was not performed 
due to the patient’s poor medical condition. The patient died 
from pneumonia on the fourteenth day post-trauma. An 
autopsy was not performed because of local customs.

Discussion
The mechanisms that underlie traumatic injuries of the 

CC are poorly understood, and those that have been pro-
posed are based mostly on autopsy f indings. Some 
researchers reported that massive hematomas were pro-
duced by severe head injury and that the tentorial edge 
played a significant role in these lesions.4,5) They found that 
the impact was situated at the vertex above the level of the 
CC, and that the force of impact was directed toward the 
skull base. Another researcher suggested that the brain 
might be displaced at the moment of the impact in such a 
way that the CC strikes against the edge of the falx; he 
assumed that the sharp, free edge of the falx and tentorium 
made the CC more vulnerable.6) However, the falx is suffi-
ciently close to the CC to allow damage by direct contact 

Fig. 1 Computed tomography (CT) information of the two cases 
(case 1: A and B; case 2: C–F). Onset of a massive hematoma of the 
corpus callosum on 2 weeks and 12-hours control-CT (B and D) not 
present at admission but with evident subarachnoid hemorrhage at the 
interhemispheric fissure (see white arrow in A and C). CT scan of the 
head showing no blood in the lateral ventricle. The line of fracture is 
oblique from the right occipital to the temporal bone and reaches the 
skull base (E). The avascular mass is mainly centrally located and 
extend from the genu to the splenium with slight deviation to the left 
(F see black arrow).

Fig. 2 Angiography information of the two cases (case 1: A–D; 
case 2: E and F). DSA and repeat DSA after second admission (at 7 
days and 90 days, respectively). No aneurysm or malformation was 
detected (A and B, respectively). Magnetic resonance imaging (T1) 
and angiography of the head showed the subacute hematoma extend-
ing from the genu to the splenium, but no demonstrable occupying 
lesion or vascular abnormality (C and D, respectively). Computed 
tomography angiography of the head showed no vascular lesions 
along the distal anterior cerebral artery (D and E), especially in the 
junction of the pericallosal and callosomarginal artery (see white 
arrows in E and F). DSA: digital subtraction angiography.
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only in its caudal-most portions. Thus, the direct contact 
damage theory is not well applicable to lesions involving 
the entire CC, as was true for our two cases.

Much progress has been made in the development of 
sophisticated mathematical models (finite element model) of 
the brain’s response to impact. These models provide stress 
and strain values for the various regions of the brain under 
various impact conditions. Nishimoto and Murakami7) found 
that with the falx cerebri removed, the shear stress concen-
tration on the CC was reduced to 50% of that in the human 
model, demonstrating the effect of the falx cerebri structure 
on the high shear stress at the CC. Zhang et al.8,9) found that 
lateral impact induced higher localized shear stress (up to 10 
times) in the core regions of the brain and was more injurious 
than that predicted for frontal impact,4,5) and Gennarelli  
et al.10) found the lateral head acceleration also correlated 
highly with the production of focal lesion in the CC. In case 1, 
the hit was on the left occiput of the head directing toward 
the skull base by a stray golf ball without skull fracture 
which was also reported in the literature.11,12) It is likely that 
angular acceleration and head rotation from the transfer of 
golf ball kinetic energy produce shearing forces, leading to 
parenchymal and underlying axonal (white matter) damage. 
In case 2, presented herein, the forces were assumed to be 
directed obliquely from the right temporo-occipital to the left 
frontotemporal areas of the brain; thus, it is likely that shear 
stress peaks initially appeared beneath the cortical surface, 
and then evolved toward the core regions of the brain9,13)  

(Figs. 1E and 2C). The patient’s (case 2) initial local neuro-
logical symptom was right hemiplegia, which suggests that 
the initial hemorrhagic spot was located to the left of the falx 
cerebri (also can be seen on the CT scan, Fig. 1F). This is 
consistent with the premise that the falx cerebri plays an 
important role in the mechanism.7) Clinically, the vast 
majority of callosal lesions are found in the body and sple-
nium,14) which is consistent with the fact that the thick fibers 
in the posterior midbody and splenium are more sensitive to 
rapid head acceleration and secondary injury changes fol-
lowing a traumatic event compared to the thin fibers.15) 
Another reason is thought to be related to the shear strains 
that occur at the junction of the CC and the septum pellu-
cidum and fornix when the cerebral hemispheres are mark-
edly displaced. The rigid falx, which is broader posteriorly, 
prevents the cerebral hemispheres from moving across the 
midline, which further strains the connecting CC. Anteriorly 
the falx is shorter and allows transient displacement across 
the midline.2) However, when the shear and strain loading 
of the CC is large enough, the anterior portion of the CC will 
also be affected. This could explain the involvement of the 
entire CC during the injury.

Delayed post-traumatic intracranial hematoma was first 
described by Bollinger as Spät-Apoplexie16) because patients 
developed an apoplectic onset of intracerebral hematoma 
weeks or months after a head injury. The mechanism respon-
sible for it is still controversial. Although some researchers 
reported that disseminated intravascular clotting and fibrino-
lysis were responsible for the development of 90% of delayed 

traumatic intracranial hemorrhage,17) our two cases showed 
no evidence of coagulation dysfunction. The hematomas in 
the CC were not secondary to hemorrhagic infarction, as the 
CT scans demonstrated no low density areas in the CC and 
no angiographic evidence of narrowing or obstruction of the 
anterior cerebral arteries (Fig. 2). Primary direct contusion 
likely was a major factor in the evolution of the hematoma in 
the CC, as penetrating cortical medullary arteries in the CC 
have their major sweep in the coronal plane and may be vul-
nerable to shear and stress due to impact along the long axis 
of the skull.18) In addition, hemorrhage of the interhemi-
spheric fissure cistern along with the hematoma was found in 
both of our cases, and this was also found in other studies;3,19) 
this may be associated with the delayed hematoma of the 
CC. Although traumatic intracranial aneurysm is one of the 
causes of delayed apoplexy in patients with severe head 
trauma20) following direct mural injury or acceleration-
induced shearing force,21) neither of our cases showed this 
vascular abnormality through CTA and/or DSA. However, 
we could not entirely eliminate the possibility of traumatic 
aneurysm bleeding because the diagnostic accuracy of CTA 
may not allow detection of abnormalities of peripheral cere-
bral arteries (like our case 2) and spontaneous thrombosis of 
small intracranial aneurysms.22) We could not pinpoint one 
particular factor responsible for the delayed hematoma. 
However, continuous headaches after discharge was observed 
in case 1, and this symptom may have been indicative of 
subtle intracranial hemorrhage and subsequently with pro-
gressive dizziness. This pattern illustrates the chronic course 
of this patient’s condition versus the acute onset typical of 
aneurysm rupture, which usually is combined with intraven-
tricular hemorrhage or frontal hematoma.2) We hypothesize 
that the patient had some degree of asymptomatic derange-
ment of the microvasculature of the CC, that made the 
microvasculature more vulnerable to stretching and/or 
shearing forces; this condition predisposed the patient to 
hematoma formation when subjected to trauma.23) We 
assumed that the initial hemorrhage spot on the CC caused 
by the mild impact was minimal enough that it was either 
undetectable even with high-definition CT or that it had been 
already washed out when the first CT was performed; thus 
no obvious local neurological sign was apparent right after 
the injury, but it gave rise to symptoms several weeks later, 
presenting as a massive hematoma.24,25) Additionally, post-
traumatic headache may mask underlying chronic bleeding 
which also prolonged the course. Detailed cadaveric analysis 
of the microvasculature in patients who succumb to delayed 
traumatic hematoma of the CC may be helpful to determine 
the underlying etiology.

Adams et al.26) reported that focal injuries of the CC and 
of the dorsolateral rostral brain stem near the superior cere-
bellar peduncle and pathological evidence of axonal disrup-
tion are characteristically seen in DAIs with progressive 
worsening of outcome. However, other researchers stated 
that these pathological “marker lesions” of DAI are com-
monly found not only in patients with diffuse brain injury 
but also in those with focal brain injury,2,27) and they 
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suggested that the term “DAI” should be used to represent 
a spectrum of injuries rather than a distinct well-defined 
clinical entity.28) 

Our two cases exhibited some of the characteristics of 
DAI, but the lucid interval evident in our patients is usually 
absent in severe DAI,29,30) and callosal hemorrhage was mas-
sive in our cases. Therefore, the stretching and/or shearing of 
the CC at the point of impact could have been more severe 
and extensive in our cases than in those described previ-
ously.26,27,31) In case 1, the patient was asymptomatic for 2 
weeks because the trauma was not severe enough to alter the 
GCS score, and secondary factors (e.g., hypoxia, hyper-
carbia, hypertension, vasoparalysis, bleeding diathesis, and 
alcohol intake)24) were absent. 

Clinically, the neurological status of patients with trau-
matic callosal injury is usually grave and the mortality rate 
is high.4,19,32) Poor outcome is associated with increasing age, 
low admission GCS, and the presence of space-occupying 
lesions,33,34) especially those that involve both the genu and 
the splenium.3) In our case 2, the patient’s GCS level was 15 
upon admission, and he experienced immediate onset of 
coma and underwent emergency surgery. In case 2, a rela-
tively low ICP was observed postoperatively until the patient 
died. The association with DAI may explain why hematoma 
evacuation rarely benefits the patient, as it may induce addi-
tional damage to the severely injured brain. In our opinion, 
conservative treatment may be the optimal choice if the 
patient’s neurological status is stable (as in case 1); other-
wise, early ventricular drainage, plus decompressive crani-
ectomy is an option if the ICP is high although the prognosis 
is poor. 

Conclusion
Two patients with massive traumatic hematoma of the CC 

that was not immediately apparent upon presentation are 
described. Case 1 exhibited steady neurological status, was 
treated conservatively, and was discharged with no obvious 
neurological deficit. However, case 2 became comatose and 
died postoperatively. Potential etiology should be sought in 
patients with vascular disease, especially in cases with hem-
orrhage of the interhemispheric fissure cistern. Management 
is controversial, with surgery mandatory only for cases of 
progressive neurologic deficit. This information presented 
herein is likely to be helpful to surgeons faced with the prac-
tical problem of making management decisions about 
patients with this rare condition.
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