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Natural haemostasis includes a variety of physiological events by which bleeding stops in case of vascular injury. 
Haemostasis is a complex process that involves several steps to achieve the final objective of haemorrhage cessation. 
Classically, the first step is the constriction of injured blood vessels to decrease local blood flow, leading to platelet 

adhesion and aggregation, which are referred to as ‘primary haemostasis’. Afterwards, the process of fibrin formation and 
stabilisation begins, referred to as ‘secondary haemostasis’, which involves many intermediate enzymatic reactions with coag-
ulation factors. These steps have a feedback restricting haemostasis to prevent thrombotic events through the activation of 
the fibrinolytic system that allows the beginning of the repair of the vascular and tissue defect (1).

This course of haemostatic events has been explained by developing theories to elucidate all interactions between platelets, 
coagulation factors via the waterfall model, cofactors without enzymatic activity, antithrombotic mechanisms, and so on. In 
previous years, the cell-based model of haemostasis, in which the endothelium has a central role, has been accepted because 
of its best explanation of haemostasis. In this model, which was first proposed in 2001 (2), three overlapping phases can be 
differentiated. In the initiation phase, which is the first phase, coagulation starts when the vasculature is injured and suben-
dothelial cells expose tissue factor (TF), which is the key initiator of haemostasis, that binds to coagulation factor VII, lead-
ing to its activation to FVIIa. The TF/FVIIa complex begins the activation of other coagulation factors, with the final ob-
jective of the formation of small amounts of thrombin (3). In the amplification phase, which is the second phase, thrombin 
activates platelets that have adhered to the site of injury and several coagulation factors. They bind to thrombogenic platelet 
surfaces and intensify and amplify prothrombinase activity (4). In the third phase (propagation phase) activated factors on 
catalytic platelet surfaces activate prothrombin (factor II) resulting in a massive generation of thrombin (factor IIa). The gen-
erated ‘thrombin burst’ converts fibrinogen into fibrin to form a sufficiently large clot. In the final step, thrombin-activated 
factor XIII (FXIIIa) catalyses the formation of crosslinks between fibrin fibres to form an elastic and stable fibrin clot (5).

This ‘perfect system’ is disrupted in current clinical practice by the administration of several drugs. The most commonly 
known are antiplatelet and anticoagulant agents, but some others can also disturb coagulation. For example, if the infusion 
of large amounts of fluids is needed to restore intravascular volume and maintain tissue perfusion when an important blood 
loss occurs, a nonspecific coagulopathy due to the dilution of coagulation factors and platelets could impair the coagulation. 
It is related to the amount of infused fluid rather than to its type.

Nevertheless, in addition to this dilutional coagulopathy, specific anticoagulant side-effects could appear to be related to the 
kind of fluid infused. In case of colloids (mainly dextrans, starches and gelatines), a transient decrease in factor VIII amounts, 
acquired von Willebrand syndrome, impaired thrombin–fibrinogen interactions, impaired factor XIII–fibrin polymer inter-
actions and decreased platelet adhesion and aggregation, with impairment of primary and secondary haemostasis, have been 
described (6, 7). These haemostasis alterations have been studied and defined using viscoelastic tests such as thromboelas-
tometry (TEG®) and thromboelastography (TEG®), showing that clot strength is reduced and that platelet dysfunction is 
present after dilution with artificial colloids (8).

In this issue of this journal, Ali et al. (9) published a very interesting study focusing on coagulation impairment through 
ROTEM® measurement after in vitro blood dilution with hypertonic–hyperoncotic solutions with or without the addition 
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of a rapidly degradable hydroxyethyl starch solution (9). The 
rationale for the study was that the intravenous administra-
tion of osmotic agents (20% mannitol and 3% hypertonic 
saline) has become routine in the management of intracrani-
al hypertension and prevention of the development of brain 
oedema. The selection of a specific agent depends on several 
specific circumstances such as the plasma sodium level or the 
need for an additional diuretic effect. Although mannitol has 
been recommended as the first-choice hyperosmotic agent 
over hypertonic saline (10), recent recommendations have 
not found sufficient evidence to identify the optimal agent 
or their optimal method of administration (i.e. dose and bo-
lus vs. continuous infusion) in patients with severe traumatic 
brain injury (11).

The results of the study showed that the administration of 
mannitol or hypertonic saline with or without the addition of 
starch could be related to haemostasis impairment, although 
hypertonic saline seems to be safer due to less alteration in co-
agulation. In both cases, induced disorders are mainly depen-
dent on fibrinogen–fibrin interactions as demonstrated by 
ROTEM®. The results are consistent with those of previously 
published studies (12-14), although the new contribution is 
the combination of both osmotic solutions with starch cur-
rently used in current practice.

So, what is the importance of the paper from Ali et al (9)? 
As the avoidance of perioperative bleeding and postoperative 
haematomas is of prime importance in neurosurgery to pre-
vent poor outcomes, it seems essential to adopt a multimodal 
approach including the best fluid therapy (type and amount 
of fluid) to prevent the impairment of haemostasis. If it is 
necessary to infuse an osmotic agent to prevent or control the 
intracranial pressure, the administration of hypertonic saline 
could be a better option than the administration of manni-
tol, mainly in patients with intracranial haematomas or those 
who are at a high risk of bleeding. Moreover, as we know that 
most colloids can impair the haemostasis, its indication in 
neurosurgery or in cases of traumatic brain injury should be 
full justified and individualised. 

The results of the study by Ali et al. (9) should be demon-
strated in vivo, with different degrees of haemodilution and 
fluid combinations, but this first contribution will outline the 
importance of fluid administration in neurosurgery and hae-
mostasis monitoring with a viscoelastic point-of-care.
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