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The precise mechanism involved in DIC and delayed traumatic subarachnoid hemorrhage (DT-SAH) remains unclear in multiple-
trauma patients. Hereby, we describe a polytraumatized patient with DIC who died due to DT-SAH. A 75-year-old female patient was 
admitted to our Emergency Department complaining of abdominal pain and drowsiness after a pedestrian accident. Her initial brain 
computerized tomography (CT) finding was negative for intracranial injury. However, her abdominal CT scan revealed a collection 
of retroperitoneal hematomas from internal iliac artery bleeding after a compressive pelvic fracture. This event eventually resulted 
in shock and DIC. An immediate angiographic embolization of the bleeding artery was performed along with transfusion and anti-
thrombin III. Her vital signs were stabilized without neurological change. Fourteen hours after admission, she suddenly became coma-
tose, and her follow-up brain CT scan revealed a dense DT-SAH along the basal cisterns with acute hydrocephalus. This event rapidly 
prompted brain CT angiography and digital subtraction angiography, which both confirmed the absence of any cerebrovascular 
abnormality. Despite emergency extraventricular drainage to reverse the hydrocephalus, the patient died three days after the trauma. 
This paper presents an unusual case of DT-SAH in a polytraumatized patient with DIC.
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■ Case Report ■

Disseminated intravascular coagulation (DIC) is commonly associated with multiple trauma. Severe head injuries also re-
ported for decades to cause DIC with the release of brain thromboplastin as a high risk factor of systemic blood coagulopathy.
[1,2] The concept of delayed traumatic intracerebral hemorrhage (DT-ICH) was first reported as “Traumatische Spät-Apo-
plexie” by Bollinger in 1891.[3] Many reports along with advances in computerized tomography (CT) techniques redefined 
the meaning of DT-ICH based on radiologic findings of newly formed hematomas in follow-up studies in which the initial CT 
scan was normal. However, most literatures described DT-ICH as an intra-parenchymal hemorrhage as a part of hematoma 
expansion rather than a newly developed hematoma formation due to the ill-defined characterization of DT-ICH. The DT-
ICH terminology is also rather mixed, containing a wide range of hemorrhages, such as DT- epidural hematomas, intracranial 
hemorrhages, and subarachnoid hemorrhage (SAH). Among these, the DT-SAH was considered a secondary phenomenon 

of hemorrhage leakage from the existing intra-parenchymal 
hemorrhage or subdural hematoma. To our knowledge, this 
is a unique case of a polytraumatized patient presenting with 
DT-SAH when her initial brain CT scan for trauma evaluation 
was radiologically normal. Here, the authors share the experi-
ence of a patient who eventually expired due to the complica-
tions of DT-SAH following DIC.
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Case Report

A 75-year-old woman was admitted for abdominal pain 
after a pedestrian traffic accident. The patient was diabetic 
but had no other medical history such as anticoagulation 
therapy. Her initial mental status was drowsy, and her 
Glasgow Coma Scale (GCS) score was 13. On the other 
hand, her initial blood pressure 86/53 mmHg while her 
heart rate was 142 beats per minute. One hour after the ac-
cident, the initial CT brain scan was performed. Her initial 
CT showed no definite hemorrhagic lesion (Fig. 1). She was 
referred to the Department of Trauma Surgery for a pelvic 
bone fracture and retroperitoneal hematoma management. 
A CT of her abdomen and pelvis showed a large retroperi-
toneal hematoma due to a left iliac artery injury. Her initial 

hemoglobin level was 7.6 g/dL. In spite of transfusion of 2 
packs of red blood cells, her blood pressure was dropped to 
69/50 mmHg and the follow-up hemoglobin level was 6.7 g/
dL (Table 1). Therefore, emergent pelvic angiography was 
done. On pelvic angiography, contrast extravasation was re-
vealed at the distal part of the internal iliac artery. Thus, we 
performed embolization with Spongostan standard®MS0002 
(Johnson and Johnson, New Jersey, United States) (Fig. 2). 
The blood pressure checked before the pelvic embolization 
was 80/60 mmHg whereas the blood pressure checked three 
hours after pelvic embolization was recovered up to 129/61 
mmHg. Unfortunately, DIC was diagnosed based on her ini-
tial lab results taken at the Emergency Department (Table 1). 
To stabilize the abnormal hematologic factors, the patient 
was given a transfusion of antithrombin III (500 IU, Green 

Table 1. Laboratory findings of various hematologic factors associated with coagulopathy

Hematologic factors Initial
2 hours after admission (after 

transfusion of 2 PRC)
6 hours after admission (after 

transfusion of 6 PRC)
Normal

Hemoglobin (g/dL) 7.6 6.7 9.0 13.5-17.0

Platelet count (E9/L) 69 89 77 165-360

Prothrombin time (sec) 13.6 19.6 - 9.5-12.8

Partial prothrombin time (sec) 35.0 34.4 - 27.9-37.8

D-dimer (ng/mL) 57,732 11,245 - < 280

Antithrombin (% activity) 56 48 - 77-123

Fibrinogen degradation product (ug/mL) 47.9 52.9 - < 5

Fibrinogen (mg/dL) 206 500 - 200-400

*PRC; packed red cell.

A B

Fig. 1. (A) The initial brain computed tomography (CT) images revealed no definite intracranial hemorrhagic lesion. (B) The follow-up 
brain CT revealed a dense cisternal subarachnoid hemorrhage.
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Cross, Yongin, Korea), six 400-mL packs of packed red cell, 
eight 400-mL packs of platelet concentrate, and eight 400-
mL packs of Fresh Frozen plasma (FFP) in one day.

Fourteen hours after the initial CT, the patient’s mental 
status changed from drowsy to coma. The emergent CT 
brain was checked, and it showed a newly developed all 
cisternal SAH and intraventricular hemorrhage (Fig. 1). 
Because of the aneurismal SAH possibility, we performed 
digital subtraction angiography and brain CT angiography 
(CTA). No definite aneurismal lesion was confirmed. For in-
tracranial pressure (ICP) monitoring and cerebrospinal fluid 
(CSF) drainage, we performed an extraventricular drain-
age (EVD) procedure (Fig. 3). At the time of ventricular 
puncture, the CSF was gushed out through the catheter and 
high intracranial pressure was measured using the calibrated 
EVD catheter. The measured ICP was over 250 mm CSF 
which was above the measuring capacity of calibrated EVD 
catheter. As a high ICP was checked on site, the manometer 
was not used and the ICP was only measured by the cali-
brated EVD catheter. The next day, the patient’s pupils were 
fully dilated, and lung congestion had developed. Three 
days from admission, the patient expired.

Discussion

This is a report of a mortality case in which a patient died 

of DT-SAH after multiple trauma. To be more specific, her 
initial brain CT scan was radiologically normal, but she suf-
fered from DIC shortly after massive abdominal bleeding, 
and this presumably caused DT-SAH, leading to death in the 
patient. Before we analyze this case, we must set the defini-
tions of DT-ICH and DT-SAH. DT-ICH refers to a newly 
formed hematoma found in follow-up studies when the ini-
tial brain CT scan is normal. Although this is the theoretical 
definition, it is somewhat accepted to include a wide range 
of hemorrhages (i.e., not only newly developed hematomas 
but also hematoma expansion).[4] Moreover, in the litera-
ture, DT-ICH truly means intra-parenchymal hemorrhage 
in literature, but in the field, it includes most types of intra-
cranial hemorrhage, such as subdural hematomas, epidural 
hematomas, and SAH. Naturally, DT-SAH is more or less 
a subset of DT-ICH in this case. Hence, there are many re-
ports on DT-ICH with this broad definition; however, there 
has been no specific report on pure DT-SAH, such as this 
report. 

The mechanisms of DT-SAH are understood through three 
classic theories. The first, the theory of necrotic brain soft-
ening, was suggested by Bollinger.[3] Necrotic brain soften-
ing adjacent to the vessels causes vascular injury, leading 
to hematoma formation. Secondly, von Holder[5] reported 
a theory of coalescence of extravasated micro-hematomas. 
The local cerebral and vascular injury causes blood to leak 
out from the vessels, which consequently activates hema-

A B C

Fig. 2. (A) The initial abdominal computed tomography  revealed a pelvic bone fracture with retroperitoneal hematoma. (B) The pre-
embolization pelvic angiography showed an extravasation of the internal iliac artery branch. (C) After embolization, no definite extrava-
sation was confirmed through pelvic angiography. 
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toma expansion. Thirdly, the theory of dysregulation was 
introduced to explain the cerebral loss of autoregulation of 
the brain vessel by hypotension and hypoxia that eventu-
ally leads to vessel dilatation and increase of intracranial 
pressure (IICP).[6] This pathological sequence results in 
hemorrhagic events. All three theories are commonly ac-
cepted, but with DT-SAH, one must consider one more 
aspect: ruling out the possibility of aneurysmal rupture. A 
cerebral aneurysm is defined as a cerebrovascular disorder 
in which weakness in the wall of a cerebral artery causes 
the localized dilation or ballooning of the blood vessel. As 
in our case, all cisternal SAHs have the typical radiological 

features of spontaneous SAHs. Thus, we performed a rou-
tine CTA and digital subtraction angiography and found no 
definite aneurysmal sac. However, we had to consider the 
possibility that we could not see the aneurysmal sac due to 
high ICP leading to a false negative result.  

Although there are few reports on DT-SAH, when con-
sidering the fact that traumatic SAH has been reported to 
be one of the poor prognostic predictors in traumatic brain 
injury (TBI) compared to other intracranial hemorrhages, 
it is generally understood that DT-SAH has a poorer prog-
nosis than parenchymal or extra-parenchymal hemorrhagic 
lesions.[7,8] Depending on the location and volume of the 

A

C

B

D

Fig. 3. (A), (B), (C) According to digital subtraction angiography, no vascular abnormality was present. (D) We performed extraventricu-
lar drainage at the right Kocher’s point. The tapping pressure was higher than 250 mm CSF. CSF: cerebrospinal fluid. 
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SAH, the prognosis can vary among DT-SAH patients, but 
DT-SAH is usually due to arterial bleeding; thus, it is also 
thought to have a poorer prognosis. Spontaneous SAH has a 
mortality rate of 40-50%, and it is well known to be poorer 
than that of Spontaneous intracerebral hemorrhage. This is 
partly because almost all cisternal SAH is caused by arte-
rial bleeding, thus, arterial rupture may directly damage the 
brain, resulting in IICP with lower brain perfusion.[9]

There is a definite clinical difference between DT-SAH 
and other types of DT-ICH. Traumatic intracerebral hemor-
rhage (T- ICH) and traumatic subarachnoid hemorrhage (T-
SAH) are categorized as intracranial hemorrhage. However, 
the evaluation process, treatment plan, and prognosis of the 
diseases after diagnosis are clinically different due to their 
distinctive natural course. Obviously, the diagnosis and 
clinical presentation of other kinds of delayed T-SAH and 
T-ICH are very similar. These disease entities are clinically 
presented similarly with symptoms such as sudden mental 
deterioration and the neurological changes. They are also 
diagnosed mostly by brain CT scans. However, the evalua-
tion process and the management strategies are completely 
different after the onset of the disease. To be more specific, 
most of DT-ICH is immediately accompanied by mental 
deterioration, which is dependent on the extent of hema-
toma expansion, and this event is usually followed by an 
emergency operation which will subsequently determine the 
recovering state of the patient. In such cases, simple brain 
CT scans are mainly fast diagnostic tools for evaluation. On 
the other hand, in the cases of DT-SAH, the mental state 
and the prognosis of a patient are determined at the point of 
occurrence of DT-SAH where the surgical evacuation of he-
matoma is usually not feasible neuro-anatomically. Plainly 
speaking, the prevention of its recurrence is the only way 
of treatment as there is no surgical option. Additionally, the 
brain CT angiography with contrast and digital subtraction 
angiography are usually required in the patients with DT-
SAH to study the vascular anatomy of the injured brain. For 
this reason, there is a clear clinical difference between DT-
SAH and other intracranial hemorrhages. 

Delayed traumatic hemorrhage such as DT-SAH has a 
typical clinical feature, in that the neurologic deficit and 
mental changes come after a certain period of time. DT-
SAH including DT-ICH comprises 0.3-1.7% of all TBIs 
with a low incidence rate.[10,11] It is not currently feasible 

to predict potential hemorrhagic lesions in advance clini-
cally; therefore, the ultimate management is by close moni-
toring of patients.[12] Early and prompt management is 
directly linked with better prognostic outcomes for patients. 
As mentioned before, the intracranial mass such as ICH or 
epidural hematoma can be noticed earlier for surgical in-
tervention, but SAH will have no benefit from the surgery. 
Surgery only prevents the secondary rupture but usually 
would not prevent from the consequences of neurological 
deficits. For DT-SAH, usually a conservative management 
is currently the only treatment of option. Thus, unlike other 
DT-ICH, DT-SAH requires early prevention, early interven-
tion, and the correction of risk factors such as DIC.

There are risk factors of DT-SAH such as shorter time in-
terval from the initial CT scan (< 3 hours), multiple trauma, 
anticoagulant therapy history, low GCS scores, DIC and so 
on.[12,13] The patient presented in this case had a shorter 
time interval from the onset of trauma to the initial CT scan 
and had a risk of DIC. However, the short time interval was 
an unmodifiable factor. Therefore, the correction of DIC 
was critical for the survival of the patient.  

DIC is commonly accompanied by multiple trauma in 
patients with brain injury. The risk factors of DIC include 
blood transfusion reaction, cancer history, pancreatitis, in-
fection in the blood (especially by bacteria or fungus), liver 
disease history, pregnancy complications, and recent surgery 
or anesthetic history. As in this present case, a patient with 
severe tissue injury is also at a high risk of DIC. The most 
common symptom of DIC is bleeding, which can present in 
the entire body and not just the area affected by the injury. 
It comes along with physical signs, such as bruising and de-
creases in systemic blood pressure. There are many studies 
on the treatment of DIC, but the most important treatment is 
the prompt correction of the underlying cause.[14,15] There 
are other reports about the benefits of the transfusion of 
recombinant activated factor VII, FFP, or platelet concentra-
tion.[16,17] Our specific case initially underwent a process 
of embolization of the bleeder. The patient was given a 
transfusion of antithrombin III (500 IU, Green Cross, Yon-
gin, Korea), eight 400-mL packs of platelet concentrate, and 
eight 400-mL packs of FFP. Nevertheless, the one-day fol-
low-up serum lab results did not show much improvement 
(Table 1). The patient was not given recombinant factor VII, 
Protein C concentrate, or heparin. DIC is characterized by a 
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systemic state of consumptive coagulopathy, hence, it will 
inevitably influence a bleeding risk in other organs in the 
body. A numerous evidences have reported that there is a 
higher chance of delayed hemorrhagic lesions in the brain 
when trauma patients are accompanied by coagulopathy.
[18] However, as mentioned previously, two facts must be 
reminded that: (1) DIC is a hematologically consumptive 
condition of hemostatic factors; and (2) a delayed traumatic 
hemorrhages must be preceded by an individual brain injury. 
Nonetheless, it is acceptable that not all TBI patients with 
DIC would develop a delayed intracranial hemorrhagic lesion. 
Based on this rationale, when DIC and DT-SAH are present 
together, it is rather difficult to determine a direct causal rela-
tionship between DIC and DT-SAH in our case of this specific 
patient. It is justifiable to argue that DIC is one of aggravat-
ing factors which play roles in developing delayed cerebral 
hemorrhages as DIC itself is a systemic condition with a lack 
of hemostatic factors in the blood. Finally, we think that DT-
SAH is not directly caused by DIC, but, DIC is implicated in 
aggravating DT-SAH in this specific case.

This present case report is rare and is on the patient with 
initially normal CT brain scan later expired with pure DT-
SAH complications. She was undergoing DIC with severe 
multiple trauma and a high bleeding risk. Traumatic cere-
bral hemorrhage also has a higher bleeding risk, and when 
the initial CT brain scan is normal, the sudden neurological 
aggravation is more unexpected. In addition, if the initial 
CT brain scan shows abnormal findings, then the follow-up 
is performed more carefully, but this was not the situation in 
this case. Traumatic SAH is already a risk factor for mortal-
ity and morbidity in patients with multiple trauma. In most 
cases, the neurological deterioration is irreversible in recov-
ery. In conclusion, in all severe multiple trauma patients, at-
tention must be paid to any unexpected DT-SAH or delayed 
cerebral hemorrhages. Despite the prompt management of 
DIC caused by the pelvic bone fracture in this particular 
case, we report a case of an expired patient with DT-SAH. 
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