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Cerebral Endothelial Damage after Severe Head Injury
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Abstract

We demonstrate that in head injuries the degree of cerebral endothelial activation or
injury depends on the type of brain injury and the patient’s age, and that in severe head
injuries measuring the serum levels of thrombomodulin (TM) and von Willebrand factor (vWF)
is useful in evaluating cerebral endothelial injury and activation. The values of vWF in the
cases of focal brain injury were significantly higher than in the cases of diffuse axonal injury.
The serum levels of TM in focal brain injuries were higher than in diffuse axonal injuries, but
the differences were not statistically significant. In patients with delayed traumatic
intracerebral hematoma (DTICH), vWF levels were much higher than in patients without
DTICH. The values of TM and vWF in elderly patients were significantly higher than in
younger patients. These findings indicate that: 1) the degree of endothelial activation in focal
brain injury is significantly higher than in diffuse brain injury; 2) the degree of cerebral
endothelial injury in patients with DTICH is much higher than in those without DTICH; and 3)
the degree of cerebral endothelial activation and injury in elderly head injury patients is
significantly higher than in younger patients.
(J Nippon Med Sch 2007; 74: 332―337)
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Introduction

Head injuries accompanied by coagulation
abnormalities might be associated with cerebral
endothelium activation and injury 6,22. Several
molecules have been proposed as markers of
endothelial activation and endothelial injury12,13.

Thrombomodulin (TM), which is located in the
surface endothelium of the arteries, veins and
capillaries of major organs such as the brain, lungs,
liver, kidneys, skeletal muscles, and gastrointestinal
tract, is a good indicator of endothelial injury10. TM

is a glycoprotein released from the injured
endothelial cell surface that acts as a receptor for
thrombin and neutralizes the clotting activity of
thrombin.

Von Willebrand factor (vWF), which is synthesized
by endothelial cells, is also an endothelium-specific
glycoprotein. The serum level of vWF increases in
response to various stimuli even without endothelial
injury20, but elevated serum levels of vWF suggest
endothelial activation in severe head injuries19.

Measuring TM and vWF may be useful for
evaluating endothelial injury or activation caused by
cerebral contusion, and for predicting the delayed
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traumatic intracerebral hematoma ( DTICH )
produced by weakness of the vessel walls in the
cerebral parenchyma, a cause of poor outcome in
elderly patients.

The purpose of this paper is to demonstrate the
usefulness of measuring TM and vWF in patients
with head injuries.

Serum Levels of TM and vWF in Head Injury

The local disturbance of intravascular coagulation
accompanying local injury of the endothelium in
association with brain injury has been demonstrated
in anatomical and carotid-jugular coagulation
studies11,16,17. The results suggest that the abnormal
levels of TM or vWF seen after head injury were
caused by injury to or activation of cerebral
endothelial cells.

Gourin et al. demonstrated endothelial injury after
head injury in a study using cultured human
cerebral microvascular endothelium (HCME)6. They
reported the production of inflammatory cytokines
from HCME after traumatic brain injury, which was
independent of systemic influences. In situ cytokine
production by HCME after percussion trauma might
mediate the increased cerebral leukocyte
accumulation and cerebrovascular dysfunction
observed after focal brain injury. Intracerebral
cytokine production was thought to be partially
responsible for brain edema, and increased leukocyte
adhesion was observed after head injury, both as a
direct effect on vascular permeability and as a cause
of leukocyte activation. The cerebrospinal fluid
concentrations of tumor necrosis factor (TNF)-α,
interleukin (IL)-1β, and IL-6 were elevated after
traumatic brain injury. These researchers concluded
that cerebral endothelial injury was a concomitant of
head injury.

Ikegami et al. demonstrated the relationship
between endothelial injury and the serum level of
TM9. The TM that acts as a receptor for thrombin
and neutralizes the clotting activity of thrombin
consists of various molecular weight fragments
(75,000 to 105,000) that are probably degraded from
cellular TM. Its plasma half-life is reported to be 10
to 15 minutes, and it is partly excreted by the

kidney10. Ikegami concluded that the serum level of
TM was a good indicator of endothelial injury and
that it was correlated with the severity of blunt
trauma9. TM is a glycoprotein that is located in the
endothelial surface of the arteries, veins and
capillaries of major organs such as the brain, lungs,
liver, kidneys, skeletal muscles, and gastrointestinal
tract10. There are 50,000 to 100,000 molecules in
every endothelial cell, compared with 60 molecules
in every platelet. The amount of TM in monocytes
and neutrophils is about 20% of that found in
endothelial cells. This suggests that the increased
serum level of TM after head injury derives from
the injured cerebral endothelial cells rather than
from platelets, monocytes, or neutrophils9. TM is
secreted by injured endothelial cells but is not
released from activated or stimulated endothelial
cells. Many authors have demonstrated that the
increased serum level of TM derives from the
injured endothelium25. The level of TM is therefore
regarded as a molecular marker of endothelial
injury9.

vWF synthesized by endothelial cells and stored
in Weibel-palade bodies is also an endothelium-
specific glycoprotein that allows platelets to remain
attached to the vessel wall27. vWF activity is
distributed among a series of plasma multimers with
molecular weights ranging from 400,000 to 20
million. A single large vWF precursor subunit is
synthesized in endothelial cells8. The serum level of
vWF increases in response to various stimuli, even
in the absence of overt endothelial injury19. The
release of vWF caused by the stimulation of
endothelial cells, not by damage or injury to them,
induces platelet agglutination and thrombus
formation at the sites of vascular stimulation. Local
endothelial secretion of vWF may occur at the site
of inflammation or stimulation.

These facts suggest that an elevated serum level
of TM is a good indicator of injury to cerebral
endothelial cells, and that an elevated vWF level
reflects the activation of cerebral endothelial cells in
head injuries without injury to any other site (Fig.
1).

The mechanisms of cerebral endothelial injury
and�or activation are not clear, but we think that



H. Yokota

334 J Nippon Med Sch 2007; 74 (5)

Fig. 1 Schema of endothelial injury, von Willebrand factor and thrombomodulin

many direct or indirect results of injury, such as
impact on cerebral vessels, hemodynamic stress,
hypoxia, cerebral ischemia, or brain edema, may
cause cerebral endothelial injury and�or activation.
Cerebral endothelial injury or activation promotes
the release of inflammatory cytokines6, and the
promotion of an inflammatory process in the
cerebral endothelium may amplify the endothelial
injury or activation9.

When hemostatic parameters including TM and
vWF are used to evaluate cerebral damage,
extracerebral factors that influence the level of TM
and�or vWF should be considered. In our series,
patients with multiple trauma and an underlying
disease (syncope, heart disease, malignant tumor,
renal disease or dysfunction, or epilepsy), and�or
with a pre-existing systemic disease that might be
associated with a coagulation disorder were
excluded. Therefore, the serum levels of TM and
vWF in our series were good indicators of cerebral
endothelial injury and activation.

Differences in Cerebral Endothelial Injury
between Diffuse Axonal Injury and

Focal Brain Injury

Adams and Gennarelli attributed practical
significance to diffuse axonal injury in their clinical

and pathological investigation1,4, and we reported
that diffuse axonal injury gave characteristic
findings in the cerebral white matter, basal ganglia,
corpus callosum, or the dorsal part of the brainstem
on Magnetic Resonance Imaging (MRI)29.

In our series, the values of vWF in the cases of
focal brain injury (ranging from 332.5 ± 52.8 to 361.7
± 86.2%) were significantly higher than those in the
cases of diffuse axonal injury from 2 hours to 7 days
after the injury (ranging from 201.6 ± 59.5 to 242.5 ±
51.7%). The serum levels of TM in focal brain injury
(from 3.84 ± 1.54 to 4.12 ± 1.46 U�mL) were higher
than those in diffuse axonal injury (from 2.96 ± 1.70
to 3.67 ± 1.70), but these differences were not
statistically significant30 (Table 1).

The fact that the serum levels of vWF in focal
brain injury were significantly higher than in diffuse
axonal injury demonstrated the difference between
the two types of injury in the mechanism by which
the impact affects the brain parenchyma, including
the cerebral vessels. The impact and mechanical
forces on the cerebral vessels inflicted by a coup
injury or contre-coup injury and leading to focal
brain injury might be more serious than the strain
force to the brain that causes diffuse axonal injury.
Focal brain injuries such as subdural hematomas,
cerebral contusions, or intracerebral hematomas
were accompanied not only by cerebral
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Table 1 Thrombomudulin and von Willebrand 
factor in focal brain injury and diffuse 
axonal injury

7 days3 days2 hours

vWF
333.8±42.1＊361.7±86.2＊332.5±52.8＊FBI
241.3±64.2242.5±51.7201.6±59.5DAI

TM
 4.12±1.46 3.86±1.34 3.84±1.54FBI
 2.96±1.70 3.67±1.70 3.60±1.92DAI

＊significantly different compared to DAI (p<0.05)
FBI: focal brain injury; DAI: diffuse axonal injury; 
TM: thrombomudulin; vWF: von Willebrand factor

Table 2 Thrombomudulin     and   von 
Willebrand   factor   with 
DTICH and without DTICH

vWF
 6.63±1.05＊DTICH (＋)
 3.20±0.68DTICH (－)

TM
262.6±106.1DTICH (＋)
221.2±78.5DTICH (－)

＊ significantly different compared to 
DAI (p<0.05).
DTICH: delayed traumatic intracerebral 
hematoma; TM: thrombomudulin; vWF: 
von Willebrand factor

parenchymal injury, but also by endothelial
activation and destruction.

Although the serum levels of vWF in focal brain
injury were significantly higher than in diffuse
axonal injury, TM levels did not differ significantly
between the two types of injury. Our observations
suggest that endothelial activation in focal brain
injury was much more serious than in diffuse axonal
injury from 2 hours through 7 days after injury.

Prediction of Delayed Traumatic Intracerebral
Hematoma (DTICH)

The concept of DTICH was first introduced by
Bollinger in 18913. Bollinger’s original criteria have
been modified by various authors, particularly since
the introduction of computed tomography (CT).
Recently, the term DTICH has been applied when a
hematoma is demonstrated on sequential CT
without any hematomas appearing on the initial CT
performed on admission23.

DTICH, which is very difficult to predict, is a
cause of morbidity in patients suffering from severe
head injuries, and its prediction might be effective in
reducing both morbidity and mortality in such
patients. Selladurai et al. suggested that measuring
hemostatic parameters was useful in predicting
DTICH21. They commented that DTICHs greater
than 25 mL were found in patients with significantly
abnormal DIC scores.

Various etiologic mechanisms have been proposed
for the appearance of DTICH, most invoking
weakness of the vessel wall as a direct effect of the

injury2,14,15. Such being the case, a nonhemorrhagic
contusion would create the necessary conditions for
DTICH within the brain. We previously reported
that MRI, which is capable of revealing
nonhemorrhagic contusions, might be useful for
predicting DTICH29. The sites of these contusions
may reveal cerebral endothelial injuries. However, it
is not always possible to transfer severe head injury
victims for MRI because of their unstable vital signs
and the difficulty of providing appropriate critical
care. As previously described, the number and
severity of cerebral endothelial injuries may be
reflected in the serum level of TM. In patients with
DTICH, vWF levels were much higher than in
patients without DTICH (p<0.01). The values of TM
and vWF at 2 hours after injury in elderly patients
were significantly higher than those in younger
patients (Table 2). The results of our series
demonstrate that patients with high levels of vWF
and TM are at risk of DTICH (30) (Table 2).

Recent evidence suggests that the endothelium
plays an active role in coordinating the inflammatory
response to endothelial injury2. Endothelial injury
aggravates inflammation by producing
proinflammatory cytokines such as IL-1, IL-6, and IL-
818. Injured endothelial cells lose their ability to
maintain a balance between coagulation and
anticoagulation factors, to regulate the tone of
smooth muscle, and to control vascular permeability.
Increased vascular permeability in the cerebral
parenchyma may result in DTICH. These facts and
our results suggest that measuring the serum level
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Table 3 Serum levels of TM and vWf in three groups

E-groupM-groupJ-group

・Thrombomodulin (U/mL)
  5.4±1.1＊  2.8±2.0  2.8±0.42 hours after injury
  4.5±1.2  4.4±1.8  3.2±1.43 days after injury
  2.7±1.0  3.5±0.7  4.1±1.77 days after injury

・von Willebrand factor (%)
375.3±78.2＊225.0±56.0205.0±57.12 hours after injury
281.3±76.8285.2±85.4233.0±86.03 days after injury
312.0±50.4306.0±47.6297.0±71.07 days after injury

TM: thrombomodulin; vWF: von willebrand factor
Juvenile (J)-group with the age of 16～ 30 years, mid-aged (M)-group with the 
age of 31～65 years, and the elderly (E)-group with the age over 66 years.
＊ : significantly different compared to J-group and M-group (p<0.05)

of TM in the acute stage of head injury may be
useful for predicting the occurrence of DTICH.

Cerebral Endothelial Injury and Activation in
Elderly Patients

Age is one of the most significant and reliable
prognostic indicators after traumatic injury. Multiple
studies have documented that outcomes for geriatric
trauma patients are worse than those for their
younger counterparts5,7,24,26. Von der Sande et al.
suggested that abnormal hemostatic parameters
may be a more sensitive indicator of cerebral
contusion than CT, especially in the early stages of
acute head injury18. Their studies revealed that the
severity of a head injury and the degree of
endothelial injury were reflected in the disturbance
of coagulation in a closed head injury.

In our series, the values of vWF at 2 hours after
injury in elderly patients were significantly higher
than in the two younger groups. However, there
were no significant differences in the serum levels of
vWF in the three groups at 3 days and 7 days after
injury (Table 3). Similarly, the TM values at 2 hours
after injury were significantly higher in the elderly
patients, but there were no significant differences in
the serum levels at 3 day and 7 days after injury
(Table 3).

Our study demonstrated that elderly patients are
more susceptible to activation and injury of the
cerebral endothelium than younger patients.
Considering the short half-life of TM and vWF, our

study suggests that endothelial activation and injury
at 2 hours after injury is much more serious than at
3 days and 7 days after injury, and that cerebral
endothelial activation and injury are caused by a
primary brain injury28.

Conclusion

In the acute stage of severe head injury, the
degree of cerebral endothelial injury and activation
varies according to the type of injury to the brain,
and higher degrees of endothelial injury and
activation are observed in patients with DTICH than
in patients without. Cerebral endothelial activation
and injury occur more easily in elderly patients than
in younger patients, and this leads to poor outcomes
and a high incidence of DTICH. Measuring the
serum levels of TM and vWF is very important in
evaluating endothelial damage in the acute stage of
severe head injury.

References

1．Adams JH, Michell DE, Graham DI: diffuse brain
damage of immediate impact type: its relationship to
primary brainstem damage in head injury. Brain
1977; 100: 489―502.

2．Baratham G, Dennyson WG: Delayed traumatic
intracerebral haemorrhage. J Neurol Neurosurg
Psychiaryt 1972; 35: 698―706.

3．Bollinger O: Uber traumatische spat-Apoplexie. In
Ein Beitrag zur wissen-schaftlichen Medizin,
Festschrift in Virchow (ed), vol 2, 1981; pp 457―470,
A. Hirschwald, Berlin.

4．DeMaria EJ, Kenney PR, Merriam MA, Casanova



Cerebral Endothelial Damage in Severe Head Injury

J Nippon Med Sch 2007; 74 (5) 337

LA, Gann DS: Survival after trauma in geriatric
patients. Ann of Surg 1987; 206: 738―743.

5．Gennaaarelli TA: Emergency department of head
injuries. Emerg Med Clin North Am 1984; 2: 749―760.

6．Gourin CG, Shackford SR: Production of tumor
necrosis factor-α and interleukin-1β by human
cerebral microvascular endothelium after percussive
trauma. J Trauma 1997; 42: 1101―1107.

7．Grossman MD, Miller D, Scaff DW, Arcona S: When
is an elderly old? Effect of preexisting conditions on
mortality in geriatiric trauma. J Trauma 2002; 52:
242―246.

8．Handin IR: Disorder of hemostasis. In Harrison’s 15th
edition Principles of Internal Medicine (Braunwald E,
Fauci A, Kasper D, Hauser SL, Longo DL, Jameson
JL, eds), 2000; pp 745―750, McGraw-Hill, NY.

9．Ikegami K, Suzuki Y, Yukioka T, Matsuda H,
Shimazaki S: Endothelial cell injury, as quantified by
the soluble thrombomodulin level, predicts sepsis�
multiple organ dysfunction syndrome after blunt
trauma. J Trauma 1998; 44: 789―794.

10．Ishi H: The detection and measurement of
thrombomodulin. In Thrombin, Thrombomodulin,
and the Control of Hemostasis (Gidings JC, ed), 1994;
pp 121―141, RG. TX, Landers, Austin.

11．Kaufman HH, Moake JL, Olson JD, et al.: Delayed
and recurrent intracranial haematomas related to
disseminated intravascular clotting and fibrinolysis
in head injury. Neurosurgery 1980; 7: 445―449.

12．Kumura E, Sato M, Fukuda A, Takemoto Y, Tanaka
S, Kohama A: Coagulation disorders following acute
head injury. Acta Neurochir (Wien) 1987; 85: 23―28.

13．Mamelak AN, Pitts LH, Damron S: Predicting
survival from head trauma 24 hours after injury: a
practical method with therapeutic implications. J
Trauma 1996; 41: 91―99.

14．Mellion BT, Narayan RK: Delayed intracerebral
haematomas and coagulopathies. In Complication
and Sequelae of Head Injury (Cooper PR, ed), 1992;
pp 51―59, American Association of Neurological
Surgeons, Park Ridge IL.

15．Miner ME, Kaufmann HH, Graham SH: Disseminated
intravascular coagulation and fibrinolytic syndrome
following head injury in children. J Pediat 1982; 100:
687―691.

16．Olson JD, Kaufmann HH, Moake JO, et al.: Incidence
and significance of coagulation abnormalities in
patients with head injury. Neurosurgery 1989; 24:
825―832.

17．Pellicane JV, Byrne K, DeMaria EJ: Preventable
complication and death from multiple organ failure
among geriatric trauma victims. J Trauma 1992; 33:

440―444.
18．Pondaag W: Disseminated intravascular coagulation

related to outcome in head injury. Acta Neurochir
(Wien) suppl 1979; 28: 98―102.

19．Ruggerri ZM, WARE J: Von Willebrand factor.
FASEB J 1993; 7: 308―316.

20．Sande JJ, Veltkamp JJ, Boekhout-Mussert RJ,
Bouwhuis-Hoogerwerf ML : Hemostasis and
computed tomography in head injury. J Nuerosurg
1981; 55: 718―724.

21．Selladurai BM, Vickerswaran S, Duraisamy MA:
Coagulopathy in acute head injury―A study of its
role as a prognostic indicator. Br J Neurosurgery
1997; 11: 398―404.

22．Signorini DF, Andrews PJ, Jones PA, Wardlaw JM,
Miller JD: Predicting survival using simple clinical
variables: a case study in traumatic brain injury. J
Neuro Neurosurg Psychiatry 1999; 66: 20―25.

23．Stein SC, Young GS, Talucci RC, Greenbaum BH,
Ross SE: Delayed brain injury after head trauma.
Significance of coagulopathy. Neurosurgery 1992; 30:
160―165.

24．Susman MBS, DiRusso SM, Sullivan TBS, et al.:
Traumatic brain injury in the elderly: increased
mortality and worse functional outcome at discharge
despite lower injury severity. J Trauma 2002; 53:
219―224.

25．Takano S, Kimura S, Ohdarana S: Plasma
thrombomodulin in health and diseases. Blood 1990;
76: 2024―2029.

26．Tornetta P, Mostafavi H, Riina J, et al.: Morbidity
and mortality in elderly trauma patients. J Trauma
1999; 47: 702―706.

27．Verweji CL: Biosynthesis of human von Willebrand
factor. Haemostasis 1988; 18: 224―245.

28．Yokota H, Atsumi T, Araki T, et al.: Cerebral
endothelial injury in severe head injury for elderly
patients―Reference from the measurements of
serum thrombomodulin and von Willebrand factor.
Neurol Med Chirrgica (Tokyo) In print.

29．Yokota H, Kurokawa A, Otsuka T, Kobayashi S:
Significance of Magnetic Resonance in Acute Head
Injury. J. Trauma 1991; 31: 351―357.

30．Yokota H, Naoe Y, Nakabayashi M, et al.: Cerebral
endothelial injury in severe head injury. The
significance of measurements of serum
thrombomodulin and von Willebrand factor. J
Neurotrauma 2002; 19: 1007―1015.

(Received,
(Accepted,

June
August

13, 2007)
3, 2007)


