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Abstract

Background Abnormalities of the hemostasis can lead to
hemorrhage, and on the other hand to thrombosis. Intracra-
nial neoplasms, complex surgical procedures, and head
injury have a specific impact on coagulation and fibrinoly-
sis. Moreover, the number of neurosurgical patients on
medication (which interferes with platelet function and/or
the coagulation systems) has increased over the past years.
Method The objective of this review is to recall common
hemostatic disorders in neurosurgical patients on the basis
of the “new concept of hemostasis”. Therefore the pertinent
literature was searched to provide a structured and up to
date manuscript about hemostasis in Neurosurgery.
Findings According to recent scientific publications
abnormalities of the coagulation system are discussed.
Pathophysiological background and the rational for specific
(cost)-effective perioperative hemostatic therapy is provided.
Conclusions Perturbations of hemostasis can be multifacto-
rial and maybe encountered in the daily practice of neurosur-
gery. Early diagnosis and specific treatment is the prerequisite
for successful treatment and good patients outcome.
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Introduction

Abnormalities of the hemostatic system can lead to bleeding
complications and/or thromboembolic events and can cause
severe impairment, or even death, of neurosurgical patients.
Actiology of hemostatic disturbances is multifactorial and can
be related to brain neoplasms [163, 257, 258], surgical
complexity [108], brain injury [295], as well as the use of
anticoagulants and antiplatelet drugs before surgery [228].
Although the classic coagulation model with intrinsic and
extrinsic pathways is helpful in understanding perturbations
in the routine laboratory tests, it failed to adequately explain
in vivo coagulation processes. More recently, a new model
has been developed that takes into account the cellular
surfaces upon which hemostasis occurs [212]. Therefore, the
purpose of this review is to (a) give an overview of hemostasis
in general based on the “new” coagulation model, (b) to
discuss unique features of the brain parenchyma and the
interference with the coagulation system, (c) to suggest an
approach to the neurosurgical patient to detect hemostatic
problems, (d) to recall various overt and hidden perioperative
hemostatic aberrations in neurosurgical patients, (e) to guide
the clinician in treating various hemostatic disorders and to
recommend treatment strategies based on published studies or
if available guidelines, (f) to explain the rational of specific
measures to reverse anticoagulation therapy, (g) to point out to
aberrations of the coagulation system following head injury
and (h) to review the pertinent literature for safety and efficacy
of pharmacological prophylaxis of VTE.

(a) Overview of hemostasis based on the “new” coagulation
system

The complex process of hemostasis is determined by the

interaction of endothelial and subendothelial cells, platelets,
leukocytes, coagulation factors, and coagulation inhibitors.
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The three major steps of the coagulation process are the
initiation, amplification, and propagation phases (Fig. 1).
Vascular injury leads to intravascular exposure of tissue
factor (TF). TF binds circulating factor VII to form TF-
FVIIa complexes. This initial step results in activation of
factor X and IX (Josso loop) on TF-bearing cells (initiation
phase). It has to be considered that intravascular TF
exposure can also be a result of invasive tumor growth or
expression of TF on the surface of stimulated leukocytes in
connection with acute or chronic inflammatory reactions.
Platelets are localized to the site of injury by adhesion to
the subendothelial matrix mediated by interaction between
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Fig. 1 Three major steps in the cell-based model of coagulation
activation. a Initiation of coagulation occurs on TF-bearing cells as
activated FX binds its cofactor FVa, to activate a small amount of
thrombin. b Amplification of the procoagulant signal by thrombin
(FIIa) by activating cofactors, FXI and platelets. ¢ The thrombin burst
required for effective hemostasis is generated on the platelet surface
during the propagation phase. Modified according to Hoffmann and
Monroe “Coagulation 2006: A Modern View of Hemostasis” [129]
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collagen, von Willebrand factor (vWF) and GPIb receptors
on the surface of platelets. During the initiation phase,
activated factor X (FXa) generates a small amount of
thrombin, which is not high enough to produce a
hemostatic sufficient fibrin clot, but leads to an activation
of platelets and further enzymatic coagulation factors
(factor XI, VIII and V) (amplification phase). Activated
platelets release thromboxane and their granule contents
(ADP, serotonin, vWEF, PF4, calcium and coagulation factors),
which results in activation and aggregation of further platelets.
Furthermore, they alter their surface by expressing negative
charged phospholipids (flip-flop-mechanism) to facilitate
calcium-mediated coagulation factor binding. The further
activation of coagulation factors and the subsequent
thrombin generation takes place on the surface of activated
platelets (propagation phase). Thrombin itself potentiates
its generation by activation of factor XI, VIII and V, which
results in a thrombin burst, sufficient to cleave fibrinogen
and activate factor XIII (FXIII) as well as thrombin
activatable fibrinolysis inhibitor (TAFI). Soluble fibrin
monomers polymerize and are cross-linked by FXIII.
Thereby fibrin and platelets form a stable clot that is
anchored at the extracellular matrix due to the cross-linking
of fibrin with adhesive proteins.

(b) Features of brain parenchyma and the interference
with the coagulation system

There is a growing body of evidence suggesting that normal
brain parenchyma and different brain tumors have a (local)
influence on coagulation and fibrinolysis. Tissue factor
(TF), the main initiator of the coagulation process, is
abundantly expressed in normal brain tissue [7, 28] and
astrocytic tumors, depending on their grade of malignancy
[115]. On the other hand, patients with severe head injury
have significantly higher TF concentrations compared to
patients with moderate head injury [231]. Reports on the
expression of tissue plasminogen activator (tPA)—an
initiator of fibrinolysis—are contradictory for benign and
malignant brain tumors [6, 99, 246]. Goh et al. [99]
described about 50% of tPA expression in meningiomas
compared to glioblastomas, while Sawaya et al. [246]
showed that benign tumors contain three times more tPA
compared to malignant tumors. However, in the latter study,
no correlation of tissue tPA to plasma tPA was found. The
total fibrinolytic activity was decreased by about 15% in
patients with malignant tumors, with a decrease in tPA and
an increase in protein C [263]. Tissue extracts of different
brain tumors lead to a variable inhibition of plasmin [262].
Patients with glioblastomas and intracerebral metastasis had
significantly higher plasma tissue factor pathway inhibitor
(TFPI) concentrations [95], which might reflect a compen-
satory mechanism to a general procoagulatoric activation
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[100] in patients with these tumors. Taken together, these
findings indicate that brain tumors [100, 277] and the
injured brain itself [151, 223] have a direct influence on
coagulation and fibrinolysis. This could be (at least
partially) an explanation for the common occurrence of
intratumoral thrombosed vessels in glioblastomas and the
high incidence of systemic thromboembolic complications
such as deep vein thrombosis (DVT) [2, 139, 220, 254] or
pulmonary emboli (PE) [116] due to an associated
procoagulatoric state in neurosurgical patients. This is of
particular interest because patients with high-grade glioma
and VTE do not differ with regard to their genetic
predisposition (e.g., thrombophilic conditions such as
prothrombin or Factor V Leiden mutation) compared to
patients without VTE [267].

(c) Suggested approach to the neurosurgical patient
to detect pre-existing hemostatic problems

As in other surgical disciplines in neurosurgery, the
increased number of elderly patients is accompanied by an
increased patient’s co-morbidity. Moreover, these patients
commonly take medications that interfere with the coagu-
lation system or platelet function. A small number of
specific questions asked at admission can be helpful in
assessing patients' bleeding history and the usage of a
medication that interferes with the coagulation system or
platelet function. The meaning of a standardized question-
naire to evaluate a bleeding tendency was demonstrated in a
prospective study conducted by Koscielny including more
than 5,600 patients [169]. From those patients with a
positive bleeding history in the questionnaire, 40% had
impairment of primary hemostasis (platelet-vessel wall-
interaction) mostly detected with the Platelet Function
Analyzer 100 (PFA-100). Table 1 gives an example of
some of these questions, which can be easily integrated in
the evaluation of the patient’s history.

Normal laboratory data of standard coagulation tests
neither exclude a perioperative bleeding complication nor
guaranty sufficient hemostasis [67, 214]. However, up to
now, they are part of the routine preoperative work up in
neurosurgical patients. Figure 2 shows the classical plas-
matic coagulation model, which is helpful for routine
screening of coagulation perturbations. The routine coagu-
lation testing usually includes partial thromboplastin time
(PTT), prothrombin time (PT), fibrinogen, and platelet
count. Figure 3 suggests an algorithm to determine a
bleeding diathesis [adapted from [185, 192]]. A prolonged
PT (respectively a lowered Quick value or an elevated INR)
may indicate a coagulation factor deficiency (FII, FV, FVII,
FX, fibrinogen), impaired hepatic synthesis, vitamin K
deficiency, anticoagulant therapy (vitamin K antagonist,
thrombin inhibitors), or dilutional respectively consumption

Table 1 Detailed questions according to Luxemburg et al. [192]
included in the preoperative patients assessment to evaluate increased
bleeding tendency. The bleeding history is assessed as positive if the
answer to one of the questions is "yes" (in question 11, only for drugs
that inhibit coagulation)

1. Have you noticed more nosebleeds in
yourself, even without an obvious
cause?

2. Do you often develop hematomas,

even without bumping into
anything, or small, dot-shaped
bleeds? If you responded "yes" to
this question, please report whether
these symptoms also occur on the
trunk or other unusual locations.

3. Have you noticed that your gums are
bleeding without any obvious
cause?

4. Do you develop bleeds or hematomas

more than once or twice a week?

S. Do you feel that after cuts or
abrasions (while shaving, for
example), you bleed for longer than
usual?

6. Have you ever had prolonged and
severe bleeds after or during
operations (for example,
tonsillectomy, appendicectomy,
giving birth)?

7. Have you ever had prolonged and
severe bleeds during or after tooth
extraction?

8. Have you ever received blood or

blood products during an operation?
Please report the type of operation.

9. Has there ever been a tendency to
bleed in your family?

10. Are you taking painkillers of
antirheumatic drugs? If so, please
enter the name of the drug(s).

11. Are you taking other mediation? If so,
please enter the name of the drug(s).

The following question
applies to women/gitls
only:
12. Do you feel that you have prolonged
menstruation (>7 days) and/or a
high frequency of tampon change?

coagulopathy. A prolonged PTT can be due to coagulation
factor deficiency (FII, FV, FVIII [hemophilia A, von-
Willebrand syndrome], FIX [hemophilia B], FX, FXI,
FXII, fibrinogen, prekallikrein, high molecular weight
kininogen [HK]), treatment with unfractionated heparin or
direct thrombin inhibitors (hirudin, argatroban), impaired
hepatic synthesis, vitamin K deficiency, dilutional respec-
tively consumption coagulopathy or antiphospholipid anti-
bodies (Lupus anticoagulants). Unfortunately standard
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Fig. 2 The classic model of coagulation activation as a simplified
flowchart showing the order of factor activation (indicated by the
arrows). These two pathways are conceived as each leading to
formation of the factor Xa/Va complex, which generates thrombin.
The pathways are assessed clinically using the prothrombin time (PT)
for the extrinsic pathway and the partial thromboplastin time (PTT) for
the intrinsic pathway. Modified according to [129]. HKHigh molec-
ular weight kininogen; PKPrekallikrein; PLPhospholipids

coagulation tests leave a diagnostic gap (PTT and PT can be
normal!), especially for von Willebrand syndrome as the
most common hemostatic disorder, coagulation factor XIII
(FXIII) deficiency or hereditary, respectively, acquired

Fig. 3 Algorithm to determine
a bleeding diathesis, adapted
from [185, 192]
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platelet dysfunction. Particularly, platelet dysfunction me-
diated by antiplatelet drugs (like aspirin or clopidogrel)
cannot be detected by platelet count, but rather by a
standardized questionnaire. In case of a positive history,
further tests with respect to disorders of primary hemostasis
should be done [233]. In this context, it has to be
considered that PFA-100 is appropriate for detecting von
Willebrand syndrome and aspirin effects, but fails to verify
clopidogrel-mediated platelet dysfunction. This limitation is
of great importance in context to the increasing number of
patients with dual antiplatelet therapy after coronary stent
implantation. Contrary to PFA-100, whole-blood imped-
ance aggregometry (Multiplate) facilitates, besides detec-
tion of aspirin effects, as well the monitoring of clopidogrel
and GPIIbIIla receptor blocker effects [329]. Therefore,
point-of-care (POC) platelet function analysis, in favour
carried out by whole-blood impedance aggregometry
(Multiplate), should be performed in case of emergency
neurosurgery to verify or exclude antiplatelet drug effects
(Fig. 4). This is particularly important in cases of
intracranial bleeding and unknown patients’ history and
medication.

There are no generally accepted absolute limits for
routine coagulation tests defined by scientific evidence,
which definitively permit or decline a neurosurgical
procedure, neither from a medical nor from a legal aspect.
However, elective procedures should be scheduled only
with normal test results. If abnormalities are detected, an
intensive laboratory work up is recommended, and patients
should be referred for consultation by a hemostaseologist
even if this results in the postponing of the operation.

Positive bleeding history (see questionnaire)

Basic coagulation diagnostics
PT, aPTT, number of thromobocytes, platelet
function test

Impaired primary hemostasis
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(d) Perioperative hemostatic disorders in neurosurgical
patients

Intraoperative hemostatic perturbations

In contrast to patients scheduled for elective neurosurgical
procedures, the patient’s history cannot be obtained in
emergencies due to an impaired consciousness level or
intubation and sedation. In addition, in cases with urgent
surgical intervention, a detailed analysis of the hemostatic
capacity or an exploration of the fibrinoloytic system with
conventional methods in the central laboratory is hardly
possible. Thus, in non-trauma cases, hemostatic disturban-
ces may not become obvious until surgery is started.
Therefore, not only in coagulopathic trauma patients but
also in patients with hidden coagulation impairment, the
intraoperative therapeutic management can be challenging
for both the anaesthesiologist and the neurosurgeon.

Furthermore, results of coagulation tests from the central
laboratory are usually available 30-60 min after blood
sampling. Therefore, intraoperatively, it is not possible to
administer a contemporary and goal-directed therapy based
on these laboratory results. Contrary to standard laboratory
test point-of-care (POC) tests, like thrombelastometry
(ROTEM) and whole-blood impedance aggregometry
(Multiplate), enables detection of hyperfibrinolysis, hypo-
fibrinogenaemia, fibrin polymerisation disorders, coagula-
tion factor deficiencies, heparin effects, thrombocytopenia
and platelet dysfunction within 10 to 30 min (Figs. 4, 5, 6,
7, 8) [106, 178, 329]. This facilitates a goal-directed therapy
with hemostatic drugs, coagulation factor concentrates, and
blood components (Fig. 9). Furthermore, POC coagulation
monitoring with thrombelastometry has been shown to
reduce the transfusion rate as well as costs in liver
transplantation, cardiovascular surgery, and trauma surgery
[5, 275, 286]. The use of thrombelastometry is mentioned in
several recommendations for perioperative coagulation man-
agement [64].

! no platelet transfusion

" required

Above all, as mentioned earlier, hemostatic impairment
may also occur during elective surgery, which can be due to
coagulopathy, platelet dysfunction, hyperfibrinolysis, and
disseminated intravascular coagulation [15, 100, 240, 277].
Results of a prospective study of patients with unexplained
intraoperative coagulopathy showed significantly less FXIII
per unit thrombin available at any point in time (i.e.,
already preoperatively) than patients without such coagul-
opathy. The consequence is a significant loss of clot
firmness associated with an increase in intraoperative blood
loss [168, 332]. Some authors consider the intraoperative
hemostatic disturbance to be primarily due to hyperfibri-
nolysis or secondarily to DIC [226, 228, 277], whereas
hyperfibrinolysis can easily detected by thrombelastometry,
factor XIII deficiency may be verified partly by thrombe-
lastometry (Figs. 5 and 8) [330]. Impairment of the
hemostatic capacity can also exist preoperatively without
clinical relevance, but can be amplified during surgery. A
new intraoperative coagulopathy can be due to blood loss,
dilution and consumption of coagulation factors. Thereby,
fibrinogen normally is the first coagulation factor, which
achieves a critical value during massive blood loss [126,
209, 276]. The balance between hemostasis and fibrinolysis
can also be disturbed by brain tumors [100, 277, 310], after
head injury [151, 223] or as a consequence of the operation
itself [85]. Data of a retrospective study revealed a
significantly higher incidence of postoperative hematomas
in patients with higher intraoperative blood loss [335], and
that a coagulopathy can be the consequence of excessive
bleeding associated with massive transfusion [82, 119].

Hydroxyethyl starch (HES) is commonly used for
intravascular volume replacement to achieve hemodynamic
stabilization and for resuscitation in trauma patients [253].
In neurosurgical patients, HES is used to expand intravas-
cular volume in patients operated in the semi-sitting
position or to induce hypertensive hypervolemic hemodilu-
tion therapy (3 H therapy) to treat cerebral vasospasm in
patients following SAH [242]. However, there is an
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Fig. 5 ROTEM analysis in a
multiple trauma patient with

brain and thoracic injury: detec-
tion of fulminat hyperfibrinolysis

and defibrinogenation within

15 min

B’ 1 EXTEHM B’ 2 INTEM
5 St.: 17hB6|- St.: 17h@7
CT: 325s|: e 568s

— TRl

MCF: 9nn| LIMCF:  Bmn

FIBTEM APTEM
St.: 17h88| St.: 17hB9
CT: 241s
. 5 SIS, MCF: 28nn

ongoing debate about a clinically relevant impairment of
hemostasis associated with the administration of HES
although the hemostatic impairment was shown in vitro
[29] and recently in vivo [211]. The effect on hemostasis
seems to be dependent on the molecular weight of HES
solutions [171]. In other surgical disciplines it was shown
that colloid administration reduces final clot strength more
than does Ringer's solution alone. This was due to impaired
fibrinogen polymerization, resulting in a decreased fibrin-
ogen part of the clot firmness and reduced clot elasticity
[138, 211]. The prolonged administration of HES in
patients with cerebrovascular disease was associated with
decreased fibrin [315], a drop of platelets [314, 317], and
the occurrence of von Willebrand syndrome [316], or a
decrease of the von Willebrand factor and coagulation
factor VIII (FVIII) [312, 313]. The decrease of the von
Willebrand factor and FVIII was seen in healthy people [53,
143, 148] and during surgery [43, 45, 145].

Hypothermia applied to patients with cerebrovascular
surgery (aneurysm clipping, bypass surgery) or spontane-
ous decrease of body temperature after severe trauma and
resuscitation may also be a cause of an unpredicted
coagulopathy [54, 114]. This is particularly true in
combination with severe acidosis [59, 184, 202, 285].

Postoperative hemostatic perturbations

For optimal postoperative care, the neurosurgeon and
anaesthesiologist should communicate with the intensivist
at the ICU about the intraoperative course, estimated blood
loss, the surgeon’s impression on hemostasis and abnormal
clinical and laboratory findings as well as intraoperative
replacement therapy. To detect a postoperative coagulop-
athy, standard coagulation tests should be performed in
addition to the assessment of the patient’s neurological
status. Patients who only obtain an inadequate level of
vigilance after surgery or do not wake up within an
appropriate time after cessation of sedation should have a
CT scan to rule out any complications. Indications for
surgical evacuation of the hematoma are a space-occupying
effect and/or a neurological deterioration of the patient.
Postoperative hematomas can occur immediately after
surgery or delayed, but were most common within 6 h after
surgery [307]. Especially in cases where patients having
lesions within the posterior fossa are operated on a
postoperative hemorrhage can cause a dramatic deteriora-
tion in the patient. Intracranial hematoma can be localized
epidural, subdural, intraparenchymal or intraventricular
[147]. The risk of postoperative hematoma is highest after

Fig. 6 ROTEM analysis in EXTEM FRTEH
a patient with acute bleeding: St.: St.: @ohl12
detection of fibrinogen deficiency g &
within 5 min and therapy with 4 g T 76s CT: 56s
fibrinogen concentrate (50 mg/kg T TMeE: azom MCF: d6nn
bw). Control of success is done by
a second ROTEM analysis 7 min —
lafer @’ 3 ~ FIBTEM FIBTEN
St.: 89hB6 +-i5t. : @88h15
& 5 hin - 5
. :
........................................ MCF:  Snn [MCF:  13nn
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surgery for meningiomas (6—8%) [92, 94, 96, 147, 228] and
a common association with coagulopathy and thrombocy-
topenia [39] or platelet dysfunction was seen [92].

The reported rate of postoperative hematomas varies
between 0.7 and 8% [86, 92, 94, 96, 147, 228, 307],
depending on the type of surgery (cranial or spinal) and
treated pathology. Data from a large retrospective analysis
of 6.668 patients showed that 55% of patients with
postoperative bleeding complications either died or had an
unfavorable outcome [228], and 67% of the patients who
suffered from postoperative bleeding had risk factors,
which could have been avoided or corrected. Among these,
the use of antiplatelet drugs was by far the most common
risk factor for postoperative bleeding [228]. A total of 47%
of patients who suffered from postoperative hematoma
were treated with antiplatelet drugs and another 16% of
patients were on oral anticoagulation [228]. These drug
effects can be screened contemporary by POC coagulation
monitoring with whole-blood impedance aggregometry
(Multiplate), respectively, with thrombelastometry
(ROTEM) or POC PT measurement (Hemochron IJr.
Signature Whole Blood Microcoagulation System). Addi-

CLI60g, >12% + ,lysis* not complete inhibited by aprotinin (CLI60, ;)

B’ 1 EXTEM a2 APTEM
Er T ———— ey 3gh16| s ; Ban1s
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Fig. 8 ROTEM analysis in a patient with diffuse bleeding: clot
instability (in EXTEM) is not inhibited by addition of aprotinin
(APTEM), but by addition of factor XIII (XIIITEM) — factor XIII
deficiency. Diffuse bleeding stopped after administration of 1,250 IU
factor XIII concentrate

tional risk factors associated with postoperative bleeding
were thrombocytopenia (14%), coagulation disorders (7%),
malignancy (6%), or alcohol abuse (4%) [228]. The
occurrence of a preoperative coagulopathy was also a
significant risk factor for postoperative hematomas in
patients following spinal surgery [170].

(e) Treatment of hemostatic disorders and transfusion
strategies

Meticulous surgical hemostasis is the prerequisite to avoid
perioperative bleeding complications. In contrast to bleed-
ing from a vascularized tumor or a vessel stump, diffuse
bleeding can be an index of a coagulopathy. Identification
of the underlining cause and the adequate management can
be difficult [15, 90, 226]. Point-of-care diagnostic, based on
thrombelastometry (ROTEM) and whole-blood impedance
aggregometry (Multiplate), can be helpful in identifying the
underlying hemostaseologic disorders and enables a con-
temporary and goal-directed therapy [106, 178]. Perioper-
ative coagulation management has been shown to be most
effective and cost-saving by using algorithms, which
closely connect point-of-care diagnostic with rapid avail-
able, efficient, and calculable therapeutics [5, 275, 286].
Until now, in neurosurgery no evidence-based recom-
mendations about intraoperative replacement therapy are
available for blood products. In contrast to other surgical
disciplines, in neurosurgery mechanical measures to stop
intraoperative bleeding are limited and only a mild
compression can be applied if difficulties are encountered
in bipolar coagulation. If intraoperative laboratory tests
show a decreased hemostatic capacity with prolonged PTT,
prolonged PT, decreased fibrinogen or platelet count,
specific replacement therapy should be performed after
consultation between the anaesthesiologist and neurosur-
geon. Especially in cases with difficulties obtaining
sufficient hemostasis and constant oozing the indication
for replacement therapy should be liberal. Transfusion of
packed red cell units may be supplemented by coagulation
factor concentrates—Ilike fibrinogen, PCC and factor XIII -
FFP and platelet transfusion depending on the laboratory
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Fig. 9 ROTEM-based algorithm for treatment of bleeding in trauma and neurosurgical patients
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findings. Indication and rationale for specific replacement
therapy is provided in detail below.

Platelets

In adults, normal platelet counts range from 150400 x 10°/1.
Spontaneous bleeding is not likely unless the platelet count is
less than 5 x 10%/1. Although no randomized controlled
trials assessed the trigger for prophylactic platelet trans-
fusion, there was a general agreement that a platelet
threshold of 10 x 101 is as safe as higher levels for
conservative management of most patients without addi-
tional risk factors [46]. These risk factors, which include
sepsis, concurrent use of drugs (e.g., antibiotics) and other
abnormalities of hemostasis, are indications for a higher
threshold. Higher threshold numbers are needed to cover
invasive procedures, e.g., line insertions, biopsies or
surgical procedures, but there is no consensus on appro-
priate thresholds.

Patients with bleeding and a platelet count of less than
20 x 10°/1 and patients at risk of bleeding (petechiae,
continuous bleeding from a wound, increasing retinal
hemorrhage) and a platelet count of less than 30 x 10°/1 should
receive platelet transfusion [112].

Perioperative bleeding may occur in patients with less
than 75 x 10%/1 platelets or with a normal platelet count but
functional impairment [144]. In cardiac surgery platelet
function monitored by whole-blood impedance aggregom-
etry (Multiplate), correlates closely with transfusion
requirements, whereas platelet count did not [311]. How-
ever, threshold platelet counts for transfusions in the
perioperative context have not been clearly defined and
should be determined by the existence of hemorrhagic risk
factors. In case of invasive procedures, it is common
practice to transfuse platelets if the count is less than 50 x
10%/1, but it is clear that other clinical criteria have to be
considered [261]. On the other hand, monitoring of platelet
function by ROTEM/Multiplate assumed, low platelet
count can be tolerated, e.g., in liver transplantation in case
of sufficient clot stability and platelet function [106].
Furthermore, there are increasing data showing that a low
platelet count in part can be compensated by elevated
fibrinogen levels, since both contribute to mechanical clot
stability [325]. Thereby, transfusion rate of platelets could
be halved related to liver transplantation at the University
Hospital of Essen, Germany, over the last 8 years (unpub-
lished data). This is important because platelet transfusion
is closely connected to severe risk of adverse events, like
sepsis and thromboembolic incidents [107, 158, 197, 287].

However, in patients scheduled for elective neurosurgi-
cal procedures, platelet count should be at least 100 x 10%/1,
even in patients with normal platelet reagibility [247, 261].
The risk of postoperative hematoma has been shown to be

three-fold increased in thrombocytopenic patients (<150 x
10°/1) [96] and thrombocytopenia is a risk factor for the
development of a postoperative hematoma [39]. Patients
with a platelet count of less than 100 x 10°/1, who do not
adequately respond to platelet transfusion, are at high risk
for severe bleeding complications and adverse outcomes
[39]. Moreover, the absolute perioperative decrease of
platelets is important. It has been shown that a postopera-
tive hematoma occurred significantly more frequently in
patients having an acute drop of their platelet count from
normal preoperative numbers to a level between 100 and
124 x 10%/1, which means that thrombocytopenic patients
with postoperative hematomas had a significantly greater
reduction in platelet count than thrombocytopenic patients
with no postoperative hematomas [39]. However, consider-
ing the risk of bleeding associated with neurological
impairment, a more aggressive transfusion management
might be more appropriated to achieve a platelet count of
100 x 107/ 1.

Fibrinogen

The level of fibrinogen required to maintain optimal
hemostasis in the perioperative period has not yet been
defined. Conservative algorithms suggest replacement of
fibrinogen if fibrinogen concentration is below 1.0-1.5 g/l,
levels that are far below normal values for fibrinogen [55,
182, 300]. In neurosurgical patients with postoperative
bleeding complications, the preoperative fibrinogen was
significantly lower compared to patients without bleeding.
In the same study, the risk of postoperative hemorrhage was
2.5-fold increased in patients with fibrinogen measuring
less than 1.5 g/l [96]. Similarly, fibrinogen levels below
2.0 g/l have been shown to have a positive predictive value
of 100% for severe bleeding in postpartum hemorrhage
[40]. Furthermore, preoperative fibrinogen levels below
3.8 g/l proved to be predictive for postoperative hemor-
rhage after cardiac surgery [248, 320]. Administration of
fibrinogen concentrate reduced postoperative blood loss by
32% without any clinically detectable adverse events
(Karlsson M et al., pers. comm.). Moreover, newer
investigations demonstrated reduced clot firmness after
colloid infusion, especially after hydroxyethyl starch
(HES) solutions. This effect is based on fibrin polymeriza-
tion disturbances and has been shown to trigger dilutional
coagulopathy during orthopaedic surgery. It can be reversed
by fibrinogen concentration administration [211]. Further-
more, HES solutions have been shown to interfere
significantly with routine photo-optical measurement of
fibrinogen concentration by Clauss method or PT derived.
This results in a 21 to 92% overestimation of fibrinogen
concentration in blood samples diluted with HES, especial-
ly in case of low fibrinogen levels [125]. Bearing this in
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mind, perioperative fibrinogen level should not be lower
than 1.5-2.0 g/l in patients with elective neurosurgery.
Maybe higher fibrinogen levels are able to compensate
reduced clot stability due to thrombocytpenia or platelet
dysfunction [106, 325]. Since thrombelastometry is able to
measure clot firmness, and thus capture fibrinogen concen-
tration, platelet count, and function as well as colloid
effects, it seems to be superior to conventional laboratory
tests for real-time management of fibrinogen substitution
[106, 211].

FXin

Based on data from a retrospective [93] and prospective [96]
study, it was demonstrated that neurosurgical patients had a
6.4-fold increased risk of postoperative hemorrhage with
FXIII less than 60%. In patients with additional decreased
fibrinogen (<1.5 g/1) or platelets (<150 x 10°/1) the risk was
even higher (12-fold and 9.7-fold, respectively) [96].

A prospective study of patients with unexplained intra-
operative coagulopathy during elective surgery showed
significantly less FXIII per unit thrombin available at any
point in time (before, during, and after surgery) than
patients without such coagulopathy. Fibrinogen and Factor
XIII were significantly more rapidly consumed in patients
with higher blood loss [332]. The consequence is a
significant loss of clot firmness, measured by thrombelas-
tometry, associated with an increase in intraoperative blood
loss [168, 332]. The results of this study confirm the
rationale for the implementation of preoperative FXIII
testing in elective neurosurgical patients to minimize the
risk of perioperative bleeding complications [96]. Replace-
ment should be considered in patients with preoperative
activity of less than 60%, because the mean decrease of
FXIII in major neurosurgical procedures is about 20% [96].
In patients with FXIII activity between 60 and 80%, an
intraoperative decision about replacement should be made
with respect to the surgeon’s judgment of hemostasis and
total blood loss. Specific point-of-care measurements, like
thrombelastometry, should be performed if available [106,
330].

Prothrombin complex concentrate (PCC)

Prothrombin complex concentrate (PCC)—in German-
speaking countries called PPSB (deduced from the first
character of the enclosed coagulation factors)—contains the
vitamin K-dependent coagulation factors II, VIL, IX, X, and
the anticoagulative proteins C and S. Furthermore, in most
galenicals small amounts of antithrombin and heparin are
enclosed.

PCC, which was first developed for therapy of hemo-
philia B, is licensed for the treatment of a perioperative
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prophylaxis of bleedings in congenital deficiency of any
vitamin K-dependent coagulation factor, when purified
specific coagulation factor concentrates are not available,
and in acquired deficiency of prothrombin complex
coagulation factors, when rapid correction is required.
PCC has its main field of application in urgent oral
anticoagulation reversal (ACR) [72, 102, 117, 179, 191,
225, 241, 252, 305]. Furthermore, PCC can also be used
very effectively in significant bleeding situations, which
come along with coumarin intoxication, vitamin K defi-
ciency, liver insufficiency, liver transplantation, or massive
transfusion [19, 63, 81, 189, 224]. Whereas fresh-frozen
plasma (FFP) has been shown to be ineffective in correcting
coagulopathy in these situations, PCC offers the possibility
of fast, effective, predictable, and safe correction of these
coagulopathies [12, 36, 51, 127, 128, 130, 131, 224, 289,
291, 328]. As a rule of thumb a dosage of 1-1.6 IU PCC per
kg bodyweight (bw) is required to generate a rise of
coagulation factor activity by 1% (measured as PT in % of
normal=Quick value).

In cases of severe bleeding with an INR of 1.5-3.0
(Quick value of 50-20 %) an initial bolus of 15-30 IU PCC
per kg bw can be recommended. A single bolus of more
than 40 TU per kg bw should be avoided [189, 191].

The main advantages of PCC administration compared to
FFP transfusion in coagulopathic patients with significant
bleeding are the fast, effective, and well-predictable rise in
coagulation factor activity and the small volume needed to
correct even severe coagulation factor deficiency. Thereby,
transfusion associated circulatory overload (TACO) an
consecutive acute lung injury (ALI) can be avoided, which
is one of the main risks of FFP in these situations [51, 63,
252]. Contrary to this, with FFP, a significant rise in the
patient's coagulation factor activity can only be achieved by
transfusion of very high plasma volumes (20-30 ml per kg
bw, which means 1.6-2.4 1 FFP for a person with 80 kg bw)
[41]. Furthermore, in contrast to FFP, PCC has no risk of
transfusion related acute lung injury (TRALI) and mistrans-
fusion. This is of particular importance because both
intricacies are attributed with the highest risks of mortality
in connection with blood transfusion [328]. Adverse events
after FFP transfusion such as ALI can be responsible for
prolongation of postoperative ventilation time and stay at
intensive care unit (ICU) [51, 141, 328]. Thereby, secondary
costs can be generated [52, 141, 153, 272, 273]. Last but not
least, because of the effective viral inactivation by pasteur-
ization and elimination by nanofiltration, to date no case of
viral infection has been reported in connection with modern
PCC preparations like Beriplex P/N or Octaplex (Rodewald
L et al., pers. comm.).

In summary, compared to FFP transfusion, PCC therapy
is much more effective in correcting deficiency of vitamin
K-dependent coagulation factors. The main risks of FFP



Hemostatic disorders in neurosurgery

883

transfusion, such as TRALI, TACO, and mistransfusion,
can be eliminated by using coagulation factor concentrates.
Compared to rFVIla, the safety profile of PCC seems to be
superior and the drug costs are much lower. Therefore,
bodyweight- and PT-adapted administration of PCC enables
a fast, effective, well-calculable and safe therapy of
coagulopathies based on congenital or acquired deficiency
of prothrombin complex coagulation factors. Especially in
combination with application of fibrinogen concentrate
PCC therapy enables significant reduction of FFP transfu-
sion rate and minimize risk of TRALI, TACO, and
mistransfusion in patients with severe bleeding and need
for massive transfusion. Thereby, secondary cost for
postoperative ICU therapy may be reduced as well.

Recombinant FVIla in neurosurgical patients

Recombinant FVIla (rFVIla) was initially developed as a
hemostatic drug for patients with hemophilia A or B and
inhibitory antibodies against factors VIII (FVII) or IX
(FIX) [196, 274]. Recombinant FVIIa is licensed for the
treatment of bleeding episodes and surgical prophylaxis in
patients with hemophilia A and B with inhibitors to FVIII
and FIX, hereditary FVII deficiency, and Glanzmann
thrombasthenia. It has been shown that the administration
of rFVIla is safe and effective in theses patients without
increasing the risk of thromboembolic events. Furthermore,
many reports of successful nonlicensed use of rFVIla for
rapid correction of a wide variety of coagulopathies are
published after the first report from Kenet and Martinowitz
[157]. Thereby, during recent years it turned out that also in
nonhemophilic patients the administration of rFVIIa can be
life-saving in intractable intraoperative bleeding situations
[4, 90, 302]. After some promising pilot studies, several
randomized placebo-controlled trials with rF'VIIa have been
done in liver transplantation and trauma patients with
disappointing results concerning its efficacy (reduction of
transfusion rate by 0-2.6 red blood cell units) [18, 123, 188,
236, 288]. Subsequent randomized and placebo-controlled
rFVIla trials in cardiac surgery and severely injured trauma
patients have been terminated over the last months because
pre-planned futility analysis predicted a very low likelihood
of reaching a successful outcome on the primary efficacy
endpoint at the end of the trial. Concerning the risks
associated with off-label-use of rFVIla as a hemostatic
agent the analysis of 13 Novo Nordisk-sponsored trials
including patients with anticoagulant therapy, cirrhosis, or
severe trauma did not show an increased risk of VTE (6.0%
in the treatment groups vs. 5.3% in the placebo groups)
[183]. On the other hand, two recently published random-
ized, placebo-controlled trials demonstrated significant
efficacy of rFVIla in elderly, non-hemophilic intracerebral
hemorrhage patients, but in these studies the incidence of

thromboembolic events was obviously or even significantly
higher in verum than in placebo group (7% vs. 2%; p=0.12
resp. 10 vs. 1%; p=0.01) [205, 303]. Myocardial or
cerebral ischemia or infarction were the leading types of
thromboembolic events in these studies. These data resulted
in an FDA alert published in the FDA safety information
and adverse event reporting program (MedWatch) against
off-label-use of rFVIla in December 2005. A subsequent
review of the FDA compiled the published adverse events
after administration of rFVIIa. From March 1999 to
December 2004, 185 thromboembolic events were reported
in 168 adverse event reports, thereof unlabeled indications
accounted for 151 reports. In 72% of the reported deaths,
the probable cause of death was the thromboembolic event
[221]. Therefore, even though rFVIla is an option to
achieve a rapid increase in thrombin generation and
hemostasis in active bleeding situations in neurosurgery,
the risk of thromboembolic events, the preconditions for
use of rFVIIa, as well as alternatives to obtain hemostasis—
like fibrinogen and PCC administration, have to be
considered [58, 122, 206, 208, 290].

In cases of life-threatening intraoperative hemostatic
disturbances and bleeding complications, the off-label-use
of rFVIIa has been effective in children [121, 213] and
adults [76, 90, 149, 154] to control bleeding. Beside the
beneficial use to control intraoperative bleeding after
conventional hemostatic therapy with FFP failed [90,
149], it has been used in neurosurgical patients with
coagulation disorders, trauma [66, 213], intracerebral
[205, 207], and subarachnoidal hemorrhage [234]. Table 2
depicts recently published data of usage of rFVIla in
neurosurgical patients. In patients with iatrogenic coagul-
opathy caused by oral anticoagulation in case of prosthetic
heart valves, atrial fibrillation or patients with previous
venous thromboembolic events rFVIla readily corrects
hemostatic capacity [186, 282, 326], but in most European
countries PCC is the labeled and efficient first-line therapy
for these indications [72, 179, 191, 241, 252]. Efficacy of
rFVIla has also been demonstrated in patients with
coagulopathies due to liver disease [16] and thrombocyto-
penia [105]. Dosing of rFVIla has been highly variable and
the optimal dose has not yet been established for various
indications [122]. A dose of 90-120ug/kg body weight is
suggested with repeat dosing after 2 h because of the short
half-life time of rFVIIa [271]. Some authors recommend to
titrate the effect of rFVIla by giving repeated small doses,
whereas others suppose (and recent data suggests) that
higher doses are more effective [89, 120, 229, 318].
However, preconditions of rFVIla administration have to
be considered, in order to avoid non-responders to rFVIla
therapy. Among these preconditions rank a pH above 7.2, a
platelet count of more than 50 x 10°/1 (preferable 100 x
10°/1), a fibrinogen level of more than 1 g/l (preferably
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1.5 g/l), as well as the exclusion of heparin effects and
hyperfibrionolysis as the underlying cause of bleeding [59,
106, 187, 203, 284, 304, 306]. Specific monitoring of
rFVIla effects or therapeutic efficacy cannot be done by PT
or PTT measurements, but some authors recommend
thrombelastography/metry for checking preconditions and
efficacy of rFVIla therapy [74, 106, 124, 203, 279-281,
318]. At last, the high cost of rFVIla compared to other
coagulation factor concentrates is a major impediment for a
widespread use in daily practice in addition to its still-
unclear safety-efficacy ratio in off-label-use [68, 122, 160,
193, 208, 245, 290, 292].

Antifibrinolytic Agents

Only a few studies are subject to determine the effect of
antifibrinolytic drugs in neurosurgical patients. A fortiori
special attention was paid on the use of aprotinin in cardiac
patients during recent months, because these patients
showed an increased risk of renal failure requiring dialysis,
an increased risk of myocardial infarction or heart failure as
well as increased mortality after the use of high-dose
aprotinin to limit blood loss [27, 75, 200, 201, 211]. This
resulted in an FDA alert and worldwide marketing
suspension of aprotinin in 2007. In neurosurgery, aprotinin
has been successfully used in patients who underwent
cerebrovascular surgery in deep hypothermia and cardiac
arrest [109], which was found to be safe and effective.
Furthermore, the administration of aprotinin in these
patients lead to a reduction of blood loss compared to
smaller former studies [180, 251] due to the prevention of
hypothermia-associated coagulopathy. Case reports demon-
strate the successful administration of aprotinin in patients
with assumed or diagnosed hyperfibrinolysis [15, 226],
intracranial hemorrhage [165], and head injury [14]. A
randomized, double-blind, placebo-controlled trial con-
ducted in two neurosurgical departments showed that the
administration of aprotinin (30,000 Kallikrein-inhibiting
units (KIU)/kg body weight on induction of anaesthesia
followed by continued infusion of 10,000 KIU/kg/h until
the surgery was finished, or for a maximum of 8 h) resulted
in a halved blood loss in patients with intracranial
meningiomas and vestibular schwannomas [227]. Although
the study was not designed to evaluate blood loss, blood
transfusion requirement was (not significantly) reduced (37
U of blood was used in 11 patients in the aprotinin group
and 58 U in 13 patients in the placebo group). No
differences were seen for thromboembolic events or other
complications [26, 227]. The potential benefit of aprotinin
or tranexamic acid in reducing blood loss in major spinal
surgery was discussed recently, but no controlled trial
proved a benefit for those patients [48, 216, 260]. In case of
suspected or detected fibrinolysis tranexamic acid (10—

15 mg/kg initial bolus and 1-5 mg/kg body weight per
hour) can be helpful to achieve hemostasis. A recent study
demonstrated that rapid administration of a single bolus of
tranexamic acid (2 g resp. 25 mg/kg bw over 10 min)
resulted in a significantly lower incidence of hematoma
growth compared to a prolonged infusion of 1 g tranexamic
acid over a period of 6 h in patients with intracerebral
hemorrhage [283]. This is consistent with our experience in
context with more than 200 hyperfibrinolysis detected by
thrombelastometry during liver transplantation. In these
patients, recurrence of hyperfibrinolysis occurred in less
than 1% of the patients after inhibition of fibrinolysis with a
single shot of aprotinin or tranexamic acid [106]. Therefore,
a subsequent continuous infusion of tranexamic acid after a
bolus of 2 g (25 mg/kg bw) does not seem to have an
additional beneficial effect on hemostasis but may increase
the risk of thromboembolic events. Anyway, patients in
which hyperfibrinolysis is suspected or detected should be
monitored closely meshed with thrombelastometry/graphy
also after therapy with antifibrinolyic drugs.

(f) Specific measures to reverse anticoagulation therapy

The time frame to correct impaired hemostatic capacity
depends on the urgency to treat neurosurgical patients with
associated hemostatic perturbation. Of course, correction of
coagulopathy is of pivotal interest in all cases with
intracranial hemorrhage either managed conservatively or
surgically. However, a challenging situation is a neurosur-
gical emergency necessitating surgery in patients with
abnormal coagulation tests or obvious hemostatic impair-
ment. In these circumstances the question of optimal timing
of surgery arises. Therefore, hemostatic management in
these patients should be closely coordinated between
neurosurgeon and anaesthesiologist. The risks of potential
severe intraoperative bleeding or postoperative hematoma
have to be weighted against risks (neurological deficits)
associated with postponed surgery. Point-of-care tests to
evaluate coagulation capacity and platelet function by
thrombelastometry (ROTEM) and whole-blood impedance
aggregometry (Multiplate) can be helpful for contemporary
risk assessment and therapeutic decisions.

Antiplatelet drugs

According to the data of Palmer et al. [228], 47% of
patients with postoperative hematomas were treated with
antiplatelet drugs, which was therefore the most common
risk factor for postoperative hematoma. A few case reports
demonstrate the association of perioperative administration
of aspirin and bleeding complications [210]. Although
aspirin is considered to be a risk factor for postoperative
hematomas after intracranial surgery, unfortunately we have
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no evidence of when to stop the administration of anti-
platelet medication. This is reflected by several surveillan-
ces conducted in Germany [166, 167] and England [142],
where several attitudes are described.

Because the mechanism of action of most antiplatelet
drugs is nonreversible inhibition of the platelet function, it
seems to be reasonable to stop medication 7—10 days before
elective surgery. In this context, it is an improvement that
platelet function can be evaluated within 10 min by whole-
blood impedance aggregometry (Multiplate) as a point-of-
care test. This test system is sensitive to aspirin and
clopidogrel effects as well as for GPIIbllla-receptor
antagonists but not optimal for detection of von Willebrand
disease [329].

In patients treated with antiplatelet drugs, platelet
concentrates should be available and transfused if intra-
operative bleeding tendency becomes obvious. Cases
with unaffected platelet function (monitored by imped-
ance aggregometry) or uncomplicated intraoperative
hemostasis during minor surgical procedures, such as
evacuation of a chronic subdural hematoma, might be
performed without transfusion. For major surgery platelet
transfusion pooled from four single donors provide about
20-30 x 10%/1 platelets after transfusion. Platelet function
is considerably dependent on duration of storage of
platelet concentrates.

Desmopressin acetate (DDAVP) 0.3 ug/kg body weight
diluted in 50-100 ml saline can be infused over 30 min in
patients with decreased hemostatic capacity due to anti-
platelet agents or von Willebrand disease [119b; 131].
Although the mechanism of action remains incompletely
understood, it is known that DDAVP induces an increase in
plasma levels of von Willebrand factor (VWF), FVIII, and
shortens PTT and bleeding time [78, 152, 181]. In contrast,
this compound has no effect on platelet count or aggrega-
tion, but enhances platelet adhesion to the vessel wall
[255].

Non-steroidal anti-inflammatory drugs (NSAIDs)

Non steroidal anti-inflammatory drugs (NSAIDs) inhibit
cyclooxygenase and therefore the time of reversible
inhibition of platelet function differs with respect to the
used agent. Duration of platelet function inhibition is
about 3 days with the administration of piroxicam, 2 days
with naproxen, indomethacin, and diclofenac and less
than 24 h after the administration of ibuprofen [49]. The
administration of NSAIDs in patients with subarachnoid
hemorrhage (SAH) showed that ketoprofen (but not
acetaminophen) impaired platelet function [218]. A study
in a small group of 46 neurosurgical patients (evaluated by
thromboelastography) showed no significant association
between coagulability and aspirin or NSAIDs use or
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intraoperative fluid volume [1]. This is not surprising
because thromboelastography is not sensitive to aspirin or
clopidogrel effects. To evaluate platelet function after
medication with antiplatelet drugs or NSAIDs, whole-
blood impedance aggregometry (Multiplate) is the ade-
quate tool [265, 329].

Oral anticoagulation

For patients receiving oral anticoagulation therapy (OAC),
there are a number of clinical circumstances that necessitate
rapid reversal, e.g., intracranial hemorrhage or trauma
associated with head injury. Normalization of hemostasis
is a prerequisite to prevent growth of intracranial hematoma
and is therefore independent from the indication of surgical
intervention. Anticoagulation can be reversed by prothrom-
bin complex concentrate (PCC), which has been shown to
be safe [224, 241], calculable, fast, and effective [10, 72,
102, 117, 179, 190, 191, 225, 252, 305, 327]. To reverse
oral anticoagulation, PCC is 4-5 times more effective [79]
and therefore is superior to fresh-frozen plasma (FFP) [22,
198]. To immediately complete reverse oral anticoagulation
a dose of 20-30 IU/kg body weight is recommended. In
life-threatening emergencies the doses should be increased
up to 3040 [U/kg KG body weight. The half-life time of
oral anticoagulants (phenprocoumon [Marcumar]: 120—
150 h; warfarin [Coumadin]: 4070 h) is much longer than
the half-life time of prothrombin complex coagulation
factors (4-60 h). Therefore, vitamin K (5-10 mg) has to
be administered additionally to avoid a rebound effect.
Vitamin K therapy is effective after 12 h using the
intravenous and 24 h the oral administration [327]. It is
important to monitor and continue the appropriate replace-
ment therapy over the perioperative period.

Although recombinant coagulation factor VII (rFVIla) is
not yet approved for the reversal of oral anticoagulation, in
an emergency its “off label” use was very effective in some
neurosurgical patients [24, 50, 56, 186, 230, 239, 256, 282,
326], but the very short half-life time of 2 h (numerous
repeated applications are required), the missing substitution
of the vitamin K-dependent anticoagulative proteins C and
S, as well as the high cost have to be considered. In
summary, FFP or rFVIla should only be used for oral
anticoagulation reversal (ACR), when PCC is not available.
Patients with oral anticoagulation therapy scheduled for
elective neurosurgical procedures should stop their medi-
cation for normalization of PT. Meanwhile, these patients
should be managed with unfractionated heparin (UFH) or
low molecular heparin (LMWH) during the pre- and
perioperative period. According to the consultation of a
cardiologist or neurologist, dosing of UFH or LMWH
should be coordinated. The prothrombin time (PT) should
be corrected before surgery starts and depending on the
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indication (previous stroke or VTE, atrial fibrillation, etc.)
the anticoagulation with UFH or LMWH should be stopped
12-24 h before surgery and restarted 12-24 h afterwards.
However, management in these patients can be difficult and
there is only very limited evidence that suggests when to
stop and when to re-start treatment. The management
should be individualized and adapted to a specific patient
by weighting the risk of postoperative hematoma against
the risk of thromboembolic complications. Interactions and
synergistical effects of antiplatelet drugs, NSAIDs, anti-
biotics, antiepileptic drugs, and herbal medicines, such as
ginkgo, garlic and ginger, have to be considered because
they can aggravate hemostatic dysfunction [84, 135, 140]

Heparin and low-molecular-weight heparin

Protamine can be used for emergency reversal of unfractio-
nated heparin (UFH) (1 mg neutralizes 100 IE UFH). For
low-molecular-weight heparin (LMWH), the administration
of protamine is largely ineffective. However, in neurosur-
gery, preoperative UFH or LMWH should be used only in
patients with high risk of thromboembolic complications
and should be stopped 12 h before surgery, which was
found to be safe in a small group of patients [94].

Antiepileptic drugs

There is some evidence for adverse events, e.g., thrombo-
cytopenia [177], platelet dysfunction [159], the occurrence
of von Willebrand syndrome [97, 172, 270] or decreased
coagulation factor XIII activity [237, 309] related to the use
of antiepileptic drugs, mainly associated with valproic acid
(VPA) [34]. The pathophysiology of these mechanisms is
not clear. However, in patients with seizures related to
previous head injury or intracranial neoplasm and the need
for surgical treatment a potential antiepileptic drug-
associated coagulopathy should be considered. In children,
the incidence of coagulation disorders related to VPA was
nearly 4% [97], which should prompt a distinct alertness for
children treated with anticonvulsive medication.

Neurosurgical procedures in patients with known
coagulopathy

Patients with known coagulopathy and the indication for
neurosurgical operation should have a preoperative con-
sultation with a hemostaseologist and need extended
laboratory workup. According to the deficit, a specific
replacement plan has to be available and a consequent
factor replacement therapy and laboratory control is a
prerequisite for successful surgery. Several reports dem-
onstrate that neurosurgical operations can be performed in
patients with hemophilia and cerebrovascular disease [60,

215, 259], head injury [37], or brain tumor [61, 62]. A
patient suffering from severe FXIII deficiency and
intractable epilepsy was successfully operated on [232]
and in a few patients with spontaneous subdural hemato-
ma and FXIII deficiency, surgery was performed without
complications [3]. Patients with von Willebrand syndrome
can be operated on with and adequate replacement of von
Willebrand factor containing FVIII concentrates [73].

(g) Aberrations of the coagulation system following head
injury

Hemostatic disturbance is quite common in patients with
penetrating or blunt head injury (HI). Hypothermia, shock,
acidosis, anaemia, consumption or dilutional coagulopathy,
and thrombocytopenia can enhance the impairment of
hemostasis. Therefore, these preconditions of hemostasis
have to be considered in connection with the primary
coagulation management [59, 184, 202, 285].

The incidence of a coagulopathy and thrombocytopenia
following head injury varies considerably but was found to
correlate with the patient's outcome [35, 223, 238]. Piek et
al. described the presence of a coagulopathy as a significant
independent predictor for the outcome of head injured
patients [235], which was confirmed by other authors for
adults [87, 155, 175, 268] and children [13, 323]. The
association of the severity of trauma and coagulopathy is
controversially discussed but not commonly accepted [35,
204].

More than three decades ago, Keimowitz and Annis
[156] first discussed an association between the release of
tissue factor after head injury and the development of DIC.
However, the exact pathophysiological mechanisms still
remain unknown and it is still unclear whether the
pathological findings after head injury completely fit the
DIC criteria [134] or whether they represent different forms
of coagulopathy [20, 42, 324]. The difficulty in classifying
coagulopathy after HI were extensively reviewed by Stein
and Smith [296]. Trauma patients with HI had elevated
monocyte TF expression compared to controls for the initial
24-h time period, but they subsequently had a more rapid
return of monocyte TF expression to baseline (despite a
higher figure in the injury severity score [ISS]) than trauma
patients without HI [321]. These authors concluded that the
correlation of TF expression with platelet-monocyte inter-
action suggests that platelet binding may lead to monocyte
activation [26, 321].

Endothelial injury and secondary inflammatory process-
es as well as the release of toxins and ischemia may
accelerate the coagulation process and platelet activation
[334]. Stein et al. demonstrated that PTT, fibrinogen, fibrin
degradation products, and D-dimmers have specific
changes and the extent of changes varies during the post
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trauma course, which could fit with different phases of DIC
[296]. D-dimers and fibrin degradation products were
elevated within minutes following trauma, indicating a
hypercoagulable state. In the very early period after trauma,
PTT and PT remain normal, however they increase later and
peak after 6 h and normalize within 24 h. The course of
fibrinogen changes is opposed with a decrease between 6
and 12 h and a later increase in terms of an acute phase
reaction.

Interestingly, Cohen et al. found in a prospective study
of patients with HI that coagulopathy already developed
about 30 min (early coagulopathy) after head injury, but
coagulopathy exclusively occurred in patients with hypo-
perfusion (base deficit >6) indicated by increased PT, PTT,
increased soluble thrombomodulin and decreased inacti-
vated protein C. The authors concluded that the tissue
injury, when combined with tissue hypoperfusion, results in
a thrombomodulin and endothelial protein C receptor-
associated activation of protein C. Unfortunately, they were
unable to measure activated protein C, thus their result
derives from the finding that inactivated protein C
decreases. However, if activated protein C increases, it
can inactivate factor Va and factor VIIla—important
accelerators of thrombin generation, leading to coagulop-
athy. Moreover, activated protein C can consume PAI-1
resulting in a derepression of tPA with consecutive
induction of fibrinolysis [25, 44]. Other authors noted
during the acute phase of HI a distinct fibrinolysis and
fibrinogenolysis with impaired alpha 2- antiplasmin activity
[174, 176].

Although most authors did not find prolonged changes
after 24-36 h [296], in patients with isolated HI, a
significant increase of coagulopathy and thrombocytopenia
was found in serial tests within 72 h [35]. In this study,
initially 14% of patients had a thrombocytopenia and 21%
had a coagulopathy, which significantly increased after 72 h
up to 46% and 41%, respectively, and had a significant
influence on a patient's outcome [35]. Nekludov et al.
demonstrated that patients with traumatic brain injury had a
lower platelet count and longer bleeding time, but also
dramatically lower platelet responses to arachidonic acid
compared to controls [217].

The primary trauma-associated injury to the brain cannot
be influenced during the later course. Therefore, all
therapeutic measures should prevent secondary brain
damage, which can also be caused by hemostatic dis-
turbances [33, 35, 151, 219, 222, 249, 334]. Oertel et al.
[222] found a progressive intracranial hemorrhage in 42%
of patients with HI. In patients with intraparenchymal
contusion, the enlargement was between 51% [222] and
100% [333]. Thus, a serial CT control scan is recommended
in cases with initially conservatively managed epidural,
subdural and intraparenchymal lesions in adults [31, 32]
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and children [65]. Patients with pre-existing coagulation
disturbances or antiplatelet medication showed more fre-
quently an increase of the hematoma volume with the need
for surgical evacuation. [266]. Re-operation to remove a
postoperative hematoma after craniotomy and evacuation of
an intracranial hemorrhage was necessary in 6.9% of head
injured patients and was significantly more frequent in
patients with alcohol abuse or pre-existing coagulopathy
[33]. In a smaller series including 340 patients with HI,
91.7% of patients with delayed hematoma (eight patients)
or re-bleeding (four patients) had coagulation abnormali-
ties, suggesting disseminated intravascular coagulation and
fibrinolysis [151]. These findings are especially noteworthy
because patients who are scheduled for so-called minor
surgery (external ventriculostomy) are also at risk of
developing postoperative bleeding complications associated
with an adverse outcome [33, 223]. Patients with minor
head injuries and hemostatic abnormalities are also at risk
of bleeding complications e.g. development of chronic
subdural hematoma (CSDH) [164, 250]. Patients suffering
from a recurrence of CSDH had significantly lower
platelets [164].

Damage to the brain can also be due to posttraumatic
ischemic complications rather than hemorrhagic reasons
[110, 111, 297-299]. Causes of ischemia can be manifold.
Apart from increased intracranial hypertension with de-
creased cerebral perfusion pressure, ischemia can be a result
of vasospasm or hypotension: however, the direct verifica-
tion of a specific cause can be difficult [308]. Another
possible explanation for the occurrence of ischemia can be
the formation of microthrombi, which were more frequent
in areas with brain contusions than the contralateral side or
in control sections [136, 150, 293, 322]. The formation of
these microthrombi was proven histologically and correlat-
ed to the ischemic brain regions [293, 294]. Deposition of
fibrin on the endothelial cell surface without complete
vessel obstruction but reduced oxygen delivery or inflam-
matory mediators are other mechanisms causing secondary
brain damage and are related to DIC [69, 132, 146, 199].

To avoid bleeding complications in patients with HI,
there should be a closed observation and laboratory testing
of these patients. Thrombelastometry (ROTEM) enables
contemporary detection of hyperfibrinolysis, fibrinogen,
and coagulation factor deficiency, fibrin polymerization
disorders as well as thrombocytopenia [178]. This facili-
tates a fast and targeted hemostatic therapy with hemostatic
drugs, coagulation factor concentrates, and platelets to
avoid further brain damage by intracranial hematoma
growth. Platelet dysfunction can be detected in time by
bedside whole-blood impedance aggregometry (Multiplate).
Hence, replacement therapy should be done in patients with
hemorrhagic shock, consumption coagulopathy, medication
with oral anticoagulants or antiplatelet drugs, or liver
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insufficiency with impaired coagulation factor synthesis, to
re-establish the full clotting capacity. The potential devel-
opment of a DIC should be kept in mind in every patient
after HI and treated according to the same principles as they
are established for DIC treatment due to other reasons.
Some authors found the use of FFP beneficial for these
patients [104, 137, 204], however, a randomized study
comparing FFP vs. placebo in patients with blunt HI did not
prove a better outcome in FFP-treated patients [71].
Moreover, the risk of TACCO and TRALI and ALI induced
by FFP transfusion has to be considered [51, 63, 141, 158,
197, 289, 328]. Some authors discussed the administration
of antithrombin (AT) in head injured patients [133], but
there is no evidence of its efficacy in preventing or treating
a DIC [113]. In a few cases of life-threatening bleeding
situations or massive hemorrhagic disturbance the off-label-
use of rFVIla was reported in children [213] and adults
[118, 230].

According to the European guideline for the manage-
ment of bleeding following major trauma specific replace-
ment therapy should be initiated to achieve the following
minimal values: hemoglobin 7-9 g/, PT 60%, platelets
100 x 10%/1, fibrinogen>1.5 g/l [284]. In some patients,
higher fibrinogen levels may be required to achieve
hemostasis. In case of suspected or detected (ROTEM)
hyperfibrinolysis tranexamic acid should be administered
prior to substitution of fibrinogen and coagulation factors
to stop fibrinolysis [106].

(h) Safety and efficacy of pharmacological prophylaxis
of VTE

Coagulability increases during neurosurgical procedures as
shown for adults [1] and paediatric patients [103] using
thromboelastography. Increased clotting starts between the
induction of anaesthesia and skin incision and continues to
increase throughout surgery, which was more pronounced
in patients undergoing craniotomy than patients undergoing
spine procedures [1]. Together with the procoagulatoric
activation, in some brain neoplasms this could serve as an
explanation for the high number of thromboembolic events
in neurosurgical patients [116]. Venous thromboembolic
events (VTE) can negatively affect the outcome of
neurosurgical patients. The incidence of postoperative
thromboembolic events in neurosurgical patients is rela-
tively high. Clinically obvious deep venous thrombosis
(DVT) occurred between 1.6-4% [2, 83, 116, 269] and
asymptomatic DVT, diagnosed in controlled studies, ranged
from 26% [220] to 32% [2]. Some authors mentioned an
even higher incidence in neurosurgical patients [17, 264].
Pulmonary embolism (PE) occurs between 1.5 and 5% and
is associated with high mortality [116]. However, a
prospective DVT surveillance in 2,643 neurosurgical

patients revealed acute DVT in 147 (5.6%), being clinically
asymptomatic in the vast majority of patients (81%) [77].
VTE are higher after cranial neurosurgical procedures
(7.7%) compared to spinal surgery (1.%) [77, 278].

To prevent VTE, various measures with different
effectiveness and associated risks are used in neurosurgical
patients. A pharmacological VTE- prophylaxis (as per-
formed in most surgical fields) is controversially discussed
in neurosurgery [70, 98] or applied in different protocols
[26, 243]. Some neurosurgeons refuse the pharmacological
prophylaxis because they fear a potential life-threatening
postoperative hemorrhage. Therefore, mainly in the United
States, the prophylactic protocols are based on mechanical-
ly measures using intermittent pneumatic compression
boots (IPC) and/or graduated compression stockings
(GCS). These measures resulted in a significant reduction
of DVT and PE as shown in many studies [8, 30, 319].
Moreover, some authors found that intraoperative unilateral
and postoperative bilateral mechanical measures during
surgery for brain tumors and motor mapping, were
comparable to patients receiving bilateral lower-extremity
mechanical VTE prophylaxis [9].

However, recent studies have demonstrated a further
reduction of thromboembolic incidents by using unfractio-
nated heparin (UFH) [38, 83, 195, 244] or low-molecular-
weight heparin (LMWH) [2, 91, 94, 101, 139, 161, 194,
220] without a significant increased rate of postoperative
hemorrhage. Many different protocols using either UFH or
LMWH and starting prophylaxis either pre- or postopera-
tively are published from various institutions. Table 3
summarizes the recently published studies, indicating the
different protocols and dose of pharmacological DVT-
prophylaxis in neurosurgery. In England, an institutional
survey revealed that 32% [301] of neurosurgical units use
heparin during elective surgery. A similar postal survey
performed in Germany showed that 73% of the neurosur-
gical centers used UFH or LMWH [243]. Discussing the
start of prophylaxis some authors did not see an increase of
postoperative bleeding when UFH or LMWH were admin-
istered already at the evening before surgery [11, 161, 194,
195, 331]. However, a study that investigated prophylaxis
with 30 mg enoxaparin at induction of anaesthesia was
terminated prematurely because of excessive bleeding [57],
while the use of UFH and dalteparin in a similar study
protocol did not increase the rate of postoperative bleeding
[194]. The postoperative administration of UFH [38, 83,
2441 and LMWH [139] [nadroparin [91, 94, 220]]
[enoxoparin [2]], usually beginning at the morning after
surgery, was not associated with increased postoperative
hematoma, and seems to be appropriate unless the patients
have an extraordinary high risk of thromboembolic events,
which would justify starting prophylaxis on the day of

surgery.
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As discussed above, for patients scheduled for elective
neurosurgical operations the administration of a pharmaco-
logical prophylaxis of thromboembolic events using UFH
or LMWH is controversial and a matter of debate in head
injured patients. According to our own experience in
patients with normal coagulation parameters and excluded
massive progression of intracranial hemorrhage by CT, the
administration of 0.3 ml nadroparin subcutaneously 1 day
after trauma was found to be safe [94]. This was confirmed
by other colleagues [47, 162, 173] and decreased the rate of
thromboembolic events [47, 162].

It is important to mention that the use of UFH or LMWH
in neurosurgical patients is not yet formally approved.
Considering available data on prevention of venous
thromboembolism in neurosurgery in “The Seventh ACCP
Conference on Antithrombotic and Thrombolytic Therapy”,
published in 2004, the following recommendations were
given for neurosurgery [88]. Besides the general recom-
mendation for routine thromboprophylaxis in patients
undergoing major neurosurgery (IPC with or without
GCS), acceptable “alternative options™ are prophylaxis with
UFH (Grade 2B) or postoperative LMWH (Grade 2A). The
authors suggest the combination of mechanical prophylaxis
(i.e., GCS and/or IPC) and pharmacologic prophylaxis (i.e.,
UFH or LMWH) in high-risk neurosurgery patients (Grade
2B)[88]. In the guidelines for the management of severe
traumatic brain injury, the following statement was pub-
lished. “LMWH or low dose unfractionated heparin should
be used in combination with mechanical prophylaxis.
However there is an increased risk for expansion of
intracranial hemorrhage” [23].

Conclusions

Hemostatic problems in neurosurgery can arise from
different origins. Diagnosis and specific treatment can be
difficult but appropriate replacement therapy is the prereq-
uisite for the patient’s overall outcome. The management of
anticoagulation reversal is discussed on the background of
urgency of neurosurgical intervention. The type of intra-
cranial pathology determines the time frame for the
correction of hemostatic abnormalities caused either by
trauma, medical anticoagulation treatment, or other reasons.
Thus in life-threatening neurosurgical emergencies, all
methods of replacement therapy should be directed to
achieve full clotting capacity and to avoid secondary brain
damage due to progressive hemorrhage or re-bleeding after
neurosurgical interventions. Especially in emergency sit-
uations as well as in case of perioperative hemorrhage,
point-of-care tests such as thrombelastometry (ROTEM)
and whole-blood impedance aggregometry (Multiplate)
enable contemporary detection of the underlying hemostatic

disorders, and thereby facilitate a fast and targeted therapy
with hemostatic drugs and coagulation factor concentrates,
such as fibrinogen, PCC, factor XIII, or rFVIla. In contrast
to a therapy based on conventional laboratory tests and
transfusion of FFP, coagulopathy can be specified in time
and corrected effectively and calculable within 30 to
45 min. Furthermore, the risk of FFP induced circulatory
overload (TACO) and transfusion related acute lung injury
(TRALI) can be avoided.

In patients scheduled for elective neurosurgery any
coagulation abnormality should be excluded by thorough
history evaluation and standard tests before surgery. If any
uncertainty evolves, the operation should be postponed
until a consultation with a hemostaseologist has excluded
any bleeding tendency. The indication of anticoagulation
medications needs to be evaluated carefully and changed to
UFH or LMWH at an appropriate time. Patients with
known hemostatic abnormalities need a sufficient replace-
ment therapy during the whole perioperative course.
Postoperative prophylaxis of VTE using a combination of
mechanical (IPC, GCS) and pharmacological measures
(UFH, LMWH) is safe and does not increase the risk of
postoperative hematoma. Besides its usefulness for peri-
operative bleeding management, thrombelastometry
(ROTEM) may be helpful in assessing hypercoagulability
after neurosurgery and the therewith associated risk of
thromboembolic events.
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Comment

This is a major and very up-to-date overview about hemostatic and
hemorrhagic disorders and problems encountered in neurosurgical
disease and procedures. It also covers very nicely the postoperative
problems, for example in the ICU, and gives clues for preoperative
easy evaluation. It may turn out to become a very valuable reference
paper in neurosurgical wards, with guidelines highlighted on plastic
cards for daily use. Very recent developments are also covered, like
the use of rF VII, including costs and cost-effectiveness. The authors
give strong arguments for the routine use of modern test equipment
like the ROTEM and the Multiplate test. In the subchapters, the reader
can find all the necessary information on most if not all details one
should like to know about specific situations. The bottom line is: the
variety in the clotting and its disturbances is large, and the right tests
should be used for the right things. Recommendable, especially for the
education and training of residents, and not only in neurosurgery!

Janjakob Mooij

Academische Ziekenhuis Groningen,

Netherlands
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