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Objective: Rare disease

Background: von Willebrand disease (VWD) is characterized by a bleeding tendency due to abnormalities in von Willebrand
factor (VWF). Severe traumatic brain injury (TBI) can induce secondary coagulopathy and hemostatic disorders.
We herein present a rare case of multiple trauma, including severe TBI, in a patient with VWD who was suc-
cessfully treated with repeated factor VIII/VWF transfusion in addition to standard critical care.

Case Report: A 22-year-old man with type 2A VWD sustained head and lower limb injuries in a traffic accident and was co-
matose. Computed tomography indicated multiple trauma, including severe TBI (left-sided traumatic epidural
hematoma, left-sided traumatic subdural hematoma, traumatic subarachnoid hemorrhage, skull fracture, and
skull base fracture). The patient underwent emergency craniotomy for hematoma removal, external decompres-
sion, and intracranial pressure monitoring along with massive transfusion and repeated perioperative transfu-
sion of factor VIII/VWF concentrates according to the level of bleeding. He recovered consciousness and even-
tually survived without neurological deficits.

Conclusions: Multiple trauma including TBI in patients with VWD is a critical condition. The active transfusion of factor
VIII/VWEF is essential for controlling hemorrhage early and in the perioperative period.
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Background

von Willebrand disease (VWD) is a common genetic bleeding
disorder with a reported prevalence of approximately 1% to
2% [1]. This disease is characterized by von Willebrand factor
(VWF) abnormalities, which cause abnormal platelet adhesion/
aggregation to the site of angiopathy and a consequent ten-
dency to bleed [2]. There are 3 types of VWD [2]. The current
classification includes types 1 and 3, which are characterized
by quantitative deficiencies of VWF, as well as types 2A, 2B,
2M, and 2N, which are qualitative variants [2].

Patients with VWD show bleeding symptoms such as epistax-
is, oral mucosal petechiae, and prolonged bleeding from injured
sites. Patients with a history of severe bleeding, including sponta-
neous bleeding, long-lasting bleeding, and gastrointestinal bleed-
ing, require prophylaxis with either l-desamino-8-D-arginine va-
sopressin (DDAVP; desmopressin) or VWF concentrates [2]. For
invasive procedures, it is recommended that VWF levels are in-
creased using DDAVP or VWF concentrate before and/or after
any procedure is performed [2]. However, treatments for VWD
patients with accidental injuries are challenging for clinicians;
the appropriate dose of DDAVP or VWF concentrate that is nec-
essary to maintain adequate levels of VWF depends on multiple
factors, such as the patient’s individual features, bleeding sever-
ity, concomitant injuries, and necessity of invasive procedures.

Severe traumatic brain injury (TBI) is a critical condition with a
mortality rate of approximately 40%; furthermore, poor neurolog-
ical outcomes occur in about 60% of patients [3]. Craniotomy and
the removal of hematoma is crucial for patients with intracrani-
al large hematoma, which results in brain hernia. Additionally,
TBI often induces coagulopathy, which can cause perioperative
hemorrhagic complications [4]. Tranexamic acid, which is an an-
tifibrinolytic agent, is used for patients with trauma. Tranexamic
acid reduces injury-related mortality in mild to moderate TBI pa-
tients but has no significant benefits in severe TBI patients [5].
Even in patients without any bleeding disorders, severe TBI is
a life-threatening condition, especially when there is an intra-
cranial large hematoma that requires surgical intervention.

Thus, the occurrence of multiple trauma including severe TBI in pa-
tients with VWD presents a substantial clinical challenge. However,
few cases of severe TBI in patients with VWD have been reported
to date. We herein present a case of multiple trauma with severe
TBI requiring surgical interventions in a patient with type 2A VWD,
who was successfully treated with factor VIII/VWF concentrates.

Case Report

A 22-year-old man (weight, 78.9 kg) with a medical history of
type 2A VWD sustained injuries to the head and lower limbs
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Table 1. Laboratory findings on admission.

Normal
range

White blood cell count (x10%/pL) 27.1 3.3-8.6
CNeutrophil®) 98 w2
Hemoglobin (g/d) 135 137168
Platelet count (10u) 273 158348
Ureanitiogen (mg/d) o5 820
Creatinine (mg/d) 080 065107

(Ajf)l_a)rtate aminotransferase 69 13-30
| Aanine aminotransferase (J1) 53 1042
lactate dehydrogenase (W) 505 124222
Creatine kinase (W) 264 59248
| Creactive protein (mg/dl) 002 0014
Prothrombin time (%) w2 80100
 Prothrombin time international

normalized ratio (INR)

"'éﬁ;({:"zg)};;&i;{'t'h};;}ni;;;ﬁl;;{{a """"" . . roas
Fibrinogen (mg/dt) 110 200400
Ddimer (ugm) oass | o1
(Flljk;?rrrl]lt-i)egradatlonproduct1887<5 """"
e 730 735745
Bicarbonate (mmol) 92 22
Clactate mmot) - 46 056139

INR — international normalized ratio.

in a traffic accident. He had received VIII/VWF concentrates at
several times for dental treatments in childhood before the ac-
cident, but anti-VWF antibodies had not been tested. His factor
VIIl and VWF activities at 19 years of age were 22% (normal
range, 60-150%) and 6-7% (normal range: 60-170%), respec-
tively. At the accident scene, his blood pressure, pulse rate,
and oxygen saturation were 161/79 mmHg, 62 beats/min, and
95% on oxygen at 10 L/min, respectively. His consciousness
level was 3 on the Glasgow coma scale, and his pupil diame-
ter was 4.0/4.0 mm (right/left) without reflex to light.

On arrival to the hospital, his blood pressure, pulse rate, respi-
ratory rate, and oxygen saturation were 150/107 mmHg, 108
beats/min, 24 breaths/min, and 98% with oxygen supplemen-
tation via reservoir mask, respectively, and his Glasgow coma
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Figure 1. Head computed tomography (CT) before and after emergency craniotomy. (A) On arrival, head CT showed a traumatic
subarachnoid hemorrhage (B) as well as a left-sided traumatic epidural hematoma and subdural hematoma. (C) Two hours
after the craniotomy, the intracranial hematoma disappeared and an intracranial pressure monitor (ICP, arrow) was inserted.
No additional hematoma was seen in the following head CT, which was performed after 7 hours.

scale score was 6 (E1V1M4). Physical examination revealed a
left head contusion, occipital hematoma, scarring at the fore-
head, bleeding from the nose and mouth, swelling and defor-
mation on the right side of the lower limb, and no injuries to
the trunk. Focused assessment with sonography for trauma
showed negative findings. Table 1 shows the laboratory find-
ings on admission.

An X-ray survey revealed right distal tibial and fibular frac-
tures and no abnormal findings on chest and pelvis radiogra-
phy. Whole-body computed tomography showed a left-sided
traumatic epidural hematoma, left-sided traumatic subdural
hematoma, traumatic subarachnoid hemorrhage, skull frac-
ture, skull base fracture, pulmonary contusion, and right tibi-
al and fibular fractures (Figure 1). Additionally, the intramus-
cular pressure on the right side of the lower leg was 70 to 80
mmHg, indicating compartment syndrome. We diagnosed se-
vere TBI, pulmonary contusion, extremity trauma, and com-
partment syndrome of the lower leg (injury severity score, 38).
We administered 1 g of tranexamic acid and transfused 500
units of factor VIII/VWF concentrates along with 3 packs of
cryoprecipitate at the Emergency Department.

Emergency craniotomy to remove the hematoma, external de-
compression, and intracranial pressure monitor insertion were
performed in the operating room (Figure 1). Fasciotomy and
external fixation were performed for the extremity injury. The
bleeding volume was 1823 mL during the operation. Because
we could not use thromboelastographic monitoring, we mon-
itored the hemoglobin concentration by blood gas analysis as
an indicator for red cell concentrate transfusion, the fibrino-
gen concentration as an indicator for fresh frozen plasma (FFP),
and the patient’s vital signs. Consequently, we transfused 4000
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units of factor VIII/VWF concentrates, 14 units of red cell con-
centrate, and 16 units of FFP during the operation (Figure 2).

After hospital admission, red cell concentrate, FFP, and plate-
let concentrate were transfused. We also transfused factor
VIII/VWF concentrates (4000 units/24 h on days 1-3 and 4000
units/12 h on days 4 and 5). After factor VIII/VWF transfusion
on day 3, the patient’s VIIl and VWF activities were 140% and
272%, respectively. Because we could not immediately obtain
the results of VIII/VWF activity, we transfused factor VIII/VWF
in accordance with bleeding from the scars (2000 units of fac-
tor VIII/VWF every 12 h on days 6-8, 2000 units every 24 h
on day 9, and 3000 units every 24 h on day 12) (Figure 2).
Tracheostomy was performed on day 7 because of disturbanc-
es in consciousness and prolonged mechanical ventilation. The
patient’s respiratory state improved, and he did not need ven-
tilator support on day 13 (Figure 2). His level of consciousness
gradually improved, and he was able to communicate. On day
21, we performed internal fixation of the right distal tibial and
fibular fractures along with perioperative transfusion of factor
VIII/VWF concentrates (4000 units/12 h from days 21 to 25).
The patient was able to eat orally on day 24 postoperatively.
Magnetic resonance imaging on day 27 showed a brain con-
tusion and diffuse axonal injury. On day 35, we performed cra-
nioplasty using the patient’s own bone flap after cryopreser-
vation and a fixed titanium plate. This was accompanied by
the perioperative transfusion of factor VIII/VWF concentrates
(4000 units/12 h from days 34 to 37, 4000 plus 2000 units on
day 38, and 2000 units on day 39) (Figure 3). The postopera-
tive course was uneventful, and neither thrombotic nor hem-
orrhagic complications occurred. The patient was eventually
discharged from our hospital on day 59.
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Figure 2. Patient’s clinical course. On day 1,
we performed craniotomy, external
decompression, and intracranial
monitor insertion for the head
injury and fasciotomy and external
fixation for the leg injury (emergency
surgery). The gray arrow indicates
blood transfusion, including 16 units
of red cell concentrate, 26 units

of fresh frozen plasma, 3 packs of

Day 3 Day 6 Day 20 initat 4 10 units of
Villfactor 140 159 s cryoprecipitate, and 19 units o
activation platelet concentrate. The arrowheads
VW factor 272 476 indicate the transfusion of VIll/von
activation (%) Willebrand factor (VWF) concentrates
(each blank arrowhead indicates
600 40 500 units, and each filled arrowhead
35 indicates 2000 units). The lines
500 represent the fibrinogen level (black
30 bold line), platelet count (black line),
= 400 %= activated partial thromboplastin
= 0S time (gray line), and prothrombin
§ 300 RS time (dotted line). FBG — fibrinogen;
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Discussion VWF suggests endothelial activation in severe head injury [6].

We have presented a case of severe TBI with VWD in which
the bleeding was successfully controlled with repeated trans-
fusions of factor VIII/VWF concentrates in addition to stan-
dard critical care. The patient survived with a good neurologi-
cal outcome and was able to integrate into society. To the best
of our knowledge, there are few previous reports of multiple
trauma with severe TBI in patients with VWD. Notably, VWF is
important in both the primary and secondary stages of hemo-
stasis; it is also a known biomarker of endothelial injury, and
VWEF levels increase in response to many different stimuli [6].
A recent study has proposed that an elevated serum level of
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Furthermore, increased VWF following severe TBI may be a
marker of unfavorable outcome [7]. However, the interpreta-
tion of VWF activity after brain injury in patients with VWD
may be unreliable as a marker of head injury.

A recent meta-analysis revealed coagulopathy during the hos-
pital course in 32.7% (range: 10-97.3%) of patients with TBI [8].
Early and rapid correction of traumatic coagulopathy may lead
to reduced bleeding, lower transfusion requirements, and im-
proved survival [9]. In the present case, we performed mas-
sive transfusion to improve the patient’s coagulopathy and fi-
brinogen levels. Although FFP and cryoprecipitate can restore
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Figure 3. Intraoperative findings during the cranioplasty and computed tomography (CT) after the cranioplasty. (A) The patient’s
own bone flap was used for cranioplasty. (B) Head CT showed no intracranial hematoma.

fibrinogen and factor VIII/VWF levels to some degree [10], nei-
ther is an adequate treatment for patients with VWD.

Some guidelines have proposed that the levels of VWF and fac-
tor VIII activities should be maintained at >50% (0.5 IU/mL) in
patients with severe bleeding or major surgery [2,11,12]. Two
main agents that can increase these activities are VIII/VWF
concentrates and DDAVP. Of the 2, DDAVP produces a small-
er increase in VWF activity and has a later onset and shorter
duration of action [3]; therefore, it may not be useful for se-
vere trauma in patients with VWD. However, VIII/VWF concen-
trates have been demonstrated to provide excellent to good
hemostasis in a number of different patient populations and
VWD types [13]. In the current case, we successfully treated
the patient using factor VIII/VWF concentrates during the acute
and perioperative periods. Thus, patients with VWD who sus-
tain severe trauma may benefit from receiving factor VIII/VWF
concentrates in addition to the standard transfusion strategy.

The appropriate dose and timing of factor VIII/VWF concen-
trates that is required to maintain adequate levels of coag-
ulation factors can vary depending on trauma severity, con-
comitant injuries, and medical and/or surgical treatments.
Moreover, the results of factor VIII and VWF activities cannot
be promptly obtained. We therefore actively administered
factor VIII/VWF concentrates according to the patient’s clini-
cal symptoms, blood examination findings, and imaging find-
ings; this resulted in hemostasis and the patient’s recovery.
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In the present case, factor VIl and VWF activities marked-
ly increased after the transfusion of VIII/VWF concentrates.
Excessively increased factor VIII and VWF activities are a risk
factor for venous thrombosis [14,15]; however, no adverse
events occurred in association with the factor VIII/VWF con-
centrates in the present case. For the optimal transfusion of
VIII/VWF concentrates, prompt testing of factor VIl and VWF
would therefore be beneficial for the treatment of patients
with VWD who sustain trauma; alternatively, thromboelastog-
raphy can be used for monitoring [16].

We were able to quickly manage and treat the current case be-
cause we knew the patient had VWD before his arrival. Trauma
patients with known bleeding disorders should be transported
to facilities that are able to provide appropriate treatment. If
patients with undiagnosed bleeding disorders are injured and
transported, they may initially be treated as severe trauma cas-
es. However, when patients reveal a tendency to bleed or show
coagulopathy over time, a hematologist should be consult-
ed and the patient should be examined for underlying bleed-
ing disorders so that crucial treatment can be provided [17].

Conclusions

We presented a case of severe trauma with TBI in a patient
with VWD 2A. Multiple trauma with severe TBI in patients with
VWD is a critical condition both because brain injury-induced
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coagulopathy can add to the underlying VWD, and because of
the need for surgical interventions. We successfully treated our
patient with VIII/VWF concentrate transfusion early and in the
perioperative period. When critical bleeding occurs in patients
with bleeding disorders, the active transfusion of deficient co-
agulation factors is essential for controlling the bleeding and
may be a lifesaving procedure.
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