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INTRODUCTION

Disseminated intravascular coagulation
(DIC) is a hemorrhagic disorder that can
occur as a complication in various diseases
and is characterized by a consumptive coa-
gulopathy due to pathologic activation of
coagulation mechanisms. It leads to thrombi
in various organs, often causing multiple or-
gan failure. However, DIC normally comes to
the attention of the neurosurgeon only after
brain trauma and is an extremely rare
complication during elective brain tumor
surgery. We present a patient who developed
DIC immediately after operation for a sec-
ondary glioblastoma. No report of this
disorder associated with pretreated glioblas-
toma could be found in the literature.

CASE REPORT

We present the case of a 30-year-old female
patient who underwent surgery for a sec-
ondary glioblastoma. At the age of 27 years a
temporoparietal mass was first resected
microsurgically, histopathologically proven
as a protoplasmatic astrocytoma World

BACKGROUND: Disseminated intravascular coagulation (DIC) describes a
pathologic activation of coagulation mechanisms, leading to thrombi in various
organs with contribution to multiple organ failure. In clinical practice, diagnosis
of DIC can often be made by laboratory values, including prolonged coagulation
times, thrombocytopenia, or high levels of fibrin degradation products. DIC is
frequently observed after neurotrauma, but rarely occurs in patients with primary
brain tumors. There are only few case reports of DIC in patients with primary
brain tumors, all sharing the highly elevated mortality. We report the case of a
young patient presenting with secondary glioblastoma, who developed multi-
organ failure induced by DIC after extensive intraoperative bhleeding.

CASE DESCRIPTION: A 30-year-old patient was admitted in poor general
condition with insomnia, severe headache, and vomiting. She had undergone
surgery for secondary glioblastoma twice. Magnetic resonance imaging
revealed a left temporoparietal mass lesion with indication for resection. Sur-
gery then was complicated by diffuse intraoperative bleeding due to a high
content of microvascular proliferation as shown in the histopathologic workup.
Subsequently, an uncontrollable multiorgan failure developed, causing the pa-

tient's death 4 days after surgery.

CONCLUSIONS: Although a rare complication, excessive intraoperative
bleeding, especially in surgery for brain tumors located next to the ventricular
system, DIC should be kept in mind as a possible diagnosis.

Health Organization II. Two years later the
patient had undergone a second surgery due
to radiologic progress. The histopathologic
workup revealed a highly malignant
anaplastic astrocytoma with focal transition
to a glioblastoma. Radiochemotherapy was
induced postoperatively. The radiotherapy
was stopped by the patient after an applied
dose of 16 Gy. Subsequently, adjuvant
chemotherapy with temozolomide (150 mg/
square meters 5/28 days) was administered
for at least g cycles with stable disease.
About 1 year after the second surgery, the
patient was admitted in poor general con-
dition. The neurological examination
revealed insomnia, severe headache, vom-
iting, and the known quadrantanopia.
Magnetic resonance imaging showed a large
left temporoparietal mass with a diameter of
6 cm, crossing the midline (Figure 1). The
preoperative laboratory examinations were

unremarkable and the coagulation analysis
was without pathologic finding (Table 1).
Surgery was performed using neuro-
navigation and 5-aminolevulinic acid. After
removing the preexisting bone flap, the brain
and dura were pressurized. After opening of
the dura, hematoma-like liquid flowed out
under high pressure. The tumor presented
itself a pulsatile mass, which started to bleed
spontaneously after pressure relief. The tu-
mor was meticulously dissected from the
surrounding brain tissue, showing a pseu-
docapsule. It was possible to remove a large
part of the black, pulsatile tumor en-bloc after
microsurgical blunt dissection and place-
ment of cottonoids. The patient did not pre-
sent with any signs of coagulation disorder
after the operation. Hemostasis could be
achieved at any time by coagulation or use of
oxidized cellulosis. Soon after removal of the
deep part of the tumor, which was adherent
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Postoperative day 4.

Figure 1. Imaging data. (A) Preoperative magnetic resonance imaging. (B) Postoperative computed tomogram (CT) after surgery. (C) CT

to the choroid plexus, under coagulation by
bipolar forceps, the surrounding parenchyma
started bleeding diffusely. To compensate for
the persistent bleeding, administration of
packed red blood cells, fresh frozen plasma,
and thrombocyte concentrates were started,
as appropriate. To cease the hemorrhage
intraoperatively, we used hemostyptic agents
like oxidized regenerated cellulose (Tabo-
tamp, Ethicon, Germany), flowable
hemostatic matrix (FloSeal, Baxter, USA),
and potato starch (Arista, Bard Davol, USA).
All agents were combined with compression
by cottonoids, electrocoagulation, and con-
stant irrigation. Furthermore, an additional
systemic administration of blood products
and stabilizing agents (e.g., recombinant
factor XIII) was started (Table 2). In the end a
sufficient restitution of coagulation was

achieved. At the time of dural closure there
were no signs of active bleeding and the
patient was stable. She was transferred to
the intensive care unit and an early
postoperative computer tomography scan
showed a discrete hemorrhage within the
resection cavity and the ventricular system
with no mass effect. Intracranial pressure
monitoring was stable (~20 mm Hg) and
the mean postoperative blood pressure
was 125/60 mm Hg (range, 110/40—190/80
mm Hg).

Subsequently, the patient developed anuria
with increased serum levels of creatinine,
which caused a mandatory start of hemofil-
tration, which increased the intracranial pres-
sure to 50 mm Hg, which was responsive to
hyperventilation. ~ Additional ~ computer
tomography scans revealed no new

hemorrhages (Figure 1). The patient was
managed  with  hemofiltration  and
catecholamine infusion. During the next 4
postoperative days the dosage of intravenous
catecholamine had to be increased
constantly, resulting in a triple therapy with
phenylephrine, norepinephrine, and
dobutamine. Notwithstanding the massive
vasopressive treatment, the patient became
circulatory unstable and died 4 days after
surgery. During the postoperative course
there was no sign of sepsis, with all
microbiological findings aseptic and a short
postoperative elevation of C reactive protein
level with nearly normalization before death.

Table 2. Blood and Pharmacologic

Products Administered

; Intraoperative Postoperative
Table 1. Pertinent Laboratory Data Administration Administration
Beginning End of  First Postoperative Thrombocyte 660 mlL 330 mlL
Preoperative Surgery Surgery Day et ates
Thrombocytes (150—380 g/L) 228 182 79 83 Packed red 3600 mL —
Erythrocytes (3.80—5.20 T/I) 453 3.04 285 408 R colls
Fibrinogen (210—400 mg/dL) 178 193 182 219 ;ZEE}:DZB” g B
i 1 oL 0
Antithrombin 1l (79%—112%) 109 59 60 7 e 4g 24
Partial thromboplastin time (26—37 30 37 155 36 fibrinogen
seconds) Tranexamic 2000 mg —
Prothrombin time (70%—130%) 78 64 69 73 acid
Clot forming time (52—116 seconds) — 90 136 99 Factor XIII 1250 IE =
Creatinine (0.51—0.95 mg/dL) 0.65 — — 2.45 Prothrombin 1 mg
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(D, anti-VEGF x40).

Figure 2. Neurosurgical resection reveals extensive fresh hemorrhage (A, hematoxylin and eosin
(HE), x4) within highly pleomorphic and mitotically active tumor tissue (B, HE, x60); high content of
microvascular proliferations (C, anti-CD34, x4) including thin focally ruptured vessel walls

(asterisk, x40), as well as scant perivascular expression of vascular endothelial growth factor (VEGF)

The histologic examination (Figure 2)
revealed extensive fresh hemorrhage
within a highly pleomorphic and
mitotically active tumor tissue. A high
content of microvascular proliferation
including thin spontaneously ruptured
vessel walls, as well as scant perivascular
expression of vascular endothelial growth
factor was found. Overall, the tumor was
graded as a secondary glioblastoma
(World Health Organization IV). The
immunohistochemical examination of the
tissue revealed expression of epidermal
growth  factor receptor, ps3, and
mutation of isocitrate dehydrogenase 1.

The autopsy showed thrombosis in both
kidneys, lung, and liver. The examination
of the brain revealed a residual hemor-
rhage in the resection cavity (Figure 3).
The cause of death of the patient was
documented as severe shock due to DIC.

DISCUSSION

DIC is a hemorrhagic disorder that can occur
in a variety of diseases and is characterized by
consumptive coagulopathy and proteolytic
degradation products.” The laboratory criteria

for DIC diagnosis are thrombocytopenia,
decreased fibrinogen, prolonged
prothrombin times, and presence of
fibrinogen degradation product.® Overall it
is rare in patients undergoing neurosurgical
procedures, but in most cases it is
associated with traumatic brain injury.* The
pathophysiology of traumatic brain injury
-induced coagulopathy remains not fully
understood, but is thought to be mediated,
among other things, by increased levels of
tissue factor (TF), a known initiating step of

the extrinsic blood coagulation. The
innately high levels of TF in the healthy
brain tissue can be focally or widely
overexpressed in glioma and can, in
addition, be correlated with the histologic
grade. An overexpression is seen in >9o%
of high grade glioma.> Furthermore,
increased intratumoral clotting has been
shown to enhance the hypoxic environment
and, in turn, lead to further upregulation of
TF. TF expression is associated with
enhanced vascular endothelial growth factor
production, as seen in the histopathologic
work-up of our case, suggesting a role of TF
in tumor initiation, tumor growth, and
angiogenesis.’

There exist only few reports about DIC in
patients undergoing surgery for brain
metastasis and to our knowledge this is the
first report about DIC in a patient with sec-
ondary glioblastoma. DIC is a very serious
condition, as among the few patients previ-
ously described in the English literature,
most died in the early postoperative phase
and only a few of them survived despite
neurological deficit (Table 3).”"" Similar to
the cases of Matjasko and Ducker’ and
Vardi et al,® our patient was a young
woman with a brain tumor in proximity to
the ventricular system. Damage to the
ventricular system and the choroid plexus
could be an initiating event for fibrinolytic
diathesis, as the major bleeding started
after resection in proximity to the choroid
plexus. The brain tissue itself is rich in
thromboplastin  and high levels of
fibrinolytic activity can be found in the
choroid plexus.”” In traumatic patients,
high levels of thromboplastin in the CSF
have been found and there are also case
reports with DIC, associated with
ventriculoperitoneal shunt surgery.”

Figure 3. Postmortem examination of the brain. (A) Transversal view. (B) Basal view.
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Table 3. Review of Literature

Location

Histology Outcome

Third ventricle (contact to ventricle)
Temporal (contact to ventricle)
Parieto-occipital

Frontal (contact to ventricle)
Frontal

Temporoparietal (contact to ventricle)

Oligodendroglioma
Oligastrocytoma
Astrocytoma, WHO 1[Il
Glioblastoma (primary)
Meningeoma

Glioblastoma (secondary)

Death

Death

Neurological worsening
Death

No neurological worsening
Death

Author/Year Age (year)/Gender
Matjasko et al, 1977’ 23/female

Vardi et al, 1974° 19/female

Berger et al, 1995° 54/male

Kawakami et al, 1990 57/female

Velez and Friedmann 2011"" 62/female

Present case 30/female

WHO, World Health Organization.

In contrast to other described cases, our
patient underwent a previous resection of a
brain tumor without complications. As
shown in the histopathologic workup the
tumor showed a high amount of microvas-
cular proliferation, including thin sponta-
neously ruptured vessel walls, suggesting a
transformation to a highly malign tumor,
suggesting high levels of TF.>

In the cases described by Matjasko and
Ducker’ and Kawakami et al,” DIC led to
death by intracerebral hemorrhage and/or
brain edema, whereas our patient died of
multiorgan failure days after surgery.
According to literature, acute DIC
manifests itself with renal dysfunction in
up to 25%, hepatic dysfunction in 19%,
whereas only 2% of cases involve the
central nervous system."

Low fibrinogen concentrations are com-
mon in young adults, as it appeared in our
patient. The fibrinogen concentration was
178 mg/dL before surgery and thus clearly
below the reference range of 210—400 mg/
dL. Fibrinogen plays a central role in he-
mostasis by being a precondition for platelet
adhesion and aggregation, and cleavage by
thrombin permits fibrin formation, which
stabilizes the initially formed platelet plug.”™
Fibrinogen is also called antithrombin I'®
because of its ability to bind excess of
thrombin, which otherwise may facilitate
development of thrombosis or DIC.
Fibrinogen is consumed by the process of
clot formation and known as the first
coagulation factor that becomes critically
reduced during blood loss."”” The loss and
consumption of fibrinogen cannot be
compensated by synthesis in the liver,
resulting in development of fibrinogen
deficiency, whereas platelets can be
liberated from the bone marrow and

spleen, and thrombin formation is
maintained by the usually high TF levels
present. especially in brain surgery.”® The
amount of blood loss needed to reach
critically reduced fibrinogen levels clearly
depends on initial concentrations. The
lower initial fibrinogen concentrations, the
faster critically levels <150—200 mg/dL are
reached.” Available data show that
targeted fibrinogen substitution by using
fibrinogen concentrate or cryoprecipitate
decreases blood loss and transfusion
requirements. It is even associated with
decreased mortality in trauma
patients.”>**" In contrast, the use of fresh-
frozen plasma for restoring sufficient
fibrinogen levels is futile because of the
known low concentration of fibrinogen and
the unavoidable volume expansion that
counterbalances the therapeutic aim of
increasing fibrinogen levels.>*

Because of all these reasons and the
multiple spontaneous rupturing vessels, it
seems conceivable that the administration
of fibrinogen concentrate and tranexamic
acid were the reason for the final hemo-
stasis. Maybe an earlier administration
would have been beneficial in this patient
by improving the initial hemostatic
competence, thus decreasing blood loss
from the beginning and throughout sur-
gery, which also translates into avoidance
of massive blood transfusion, as was
needed. It seems also logical that suffi-
cient fibrinogen levels could have limited
the vicious cycle of huge thrombin for-
mation due to surgery-induced TF liber-
alization, aggravating consumption of all
players of the coagulation system and ul-
timately resulting in severe coagulopathy,
massive bleeding, and massive trans-
fusion, conditions that are associated with

development of organ failure and worse
outcome.

A limitation in the present case is that
the laboratory values do not correspond
fully to the diagnostic guidelines provided
by Levi et al.> But, in addition to the
underlying disorder and the postmortem
examination, in our opinion, the data are
sufficient to confirm the diagnosis of DIC.

CONCLUSION

The mortality of DIC, in association with
primary brain tumor, is very high (3 of 5
patients in the reviewed literature) and only
timely diagnosis and immediate treatment
offers a narrow window to avert ischemic
deficits and severe organ failure. Although
it is a rare complication, in excessive
intraoperative bleeding, especially in sur-
gery for brain tumors located next to the
ventricular system, DIC should be kept in
mind as a possible diagnosis. Furthermore,
especially in a neurosurgical population,
levels of fibrinogen should be in the upper
normal range and fibrinogen concentrate
and tranexamic acid should be substituted
at the first sign of bleeding complications.
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