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17Haemostasis in Spinal Surgery: 
An Overview

Fabio Dos Santos

17.2	� Definition and Pathophysiology

Several factors can contribute to the occurrence of intraop-
erative bleeding related to the surgical procedure itself 
(Table 17.1). Spine surgery implies in some specific aspects: 
bone surface exposure can be a very significant source of 
bleeding [2]; some spine tumours (e.g. renal cancer metasta-
sis) are well known from its potential bleeding. Revision sur-
gical cases, platelet dysfunction and coagulopathies are also 
factors that have been considered. Retroperitoneal spine sur-
gery can create significant source of bleeding during expo-
sure or accidental vascular lesion of tumour, deformity and 

degenerative and trauma causes. The choice and the proper 
positioning of the patient in the surgical table will also pre-
vent additional risk of bleeding. In posterior spinal surgery, 
there are two specific requirements: adequate position of the 
spine and an unrestricted abdomen with reduction of bleed-
ing from epidural venous system. Intraoperative blood loss is 
a common problem that can be encountered especially in 
multilevel spine fusion procedures. Currently, in the litera-
ture, there is no clear definition for significant haemorrhage 
in spine surgery, and there are no exact reports on conse-
quences associated with major blood loss under these cir-
cumstances [4]. Major blood loss may lead to blood, platelet 
and factor transfusions. Although blood screening has 
improved the safety considerably over the years, there are 
still known risks of transfusion, including potential transfu-
sion reactions and alloimmunization as well as infectious 
risks, such as hepatitis, human immunodeficiency virus, 
cytomegalovirus and transfusion-associated bacterial sepsis. 
Furthermore, there is emerging data suggesting that blood 
transfusion may be associated with an increased risk of post-
operative infections. Additionally, the costs of blood replace-
ment must be considered.

Spinal surgery can include now a great number of differ-
ent scenarios with patient- and procedure-related aspects 
(Table 17.2) [5]. Spine surgeon must adopt effective surgical 
techniques that reduce the amount of the exposed, bleeding 
tissue during surgery to decrease blood loss and avoid the 
risks and costs associated with transfusion.
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17.1  Introduction and Core Messages
Management of haemostasis during surgery has many 
components that start with good surgical technique, 
good preoperative planning and anaesthetic support 
[1]. Spine surgery implies in some specific aspects: 
bone surface exposure can be a very significant source 
of bleeding [2]; some spine tumours (e.g. renal cancer 
metastasis) are well known from its potential bleeding. 
Revision surgical cases, platelet dysfunction and coag-
ulopathies are also factors that have been considered. 
Retroperitoneal spine surgery can create significant 
source of bleeding during exposure or accidental vas-
cular lesion of tumour, deformity and degenerative and 
trauma causes. The choice and the proper positioning 
of the patient in the surgical table will also prevent 
additional risk of bleeding. In posterior spinal surgery, 
there are two specific requirements: adequate position 
of the spine and an unrestricted abdomen with reduc-
tion of bleeding from epidural venous system.

Table 17.1  Factors contributing to intraoperative bleeding [3]

•  Exposed bone (spine osteotomy, osteoporotic fracture, tumour, etc.).
•  Diffused capillaries (e.g. large surfaces).
•  Unseen sources of bleeding (e.g. retroperitoneal spaces).
•  Surgical incisions.
•  Tissues not amenable to suturing.
•  Low-pressure suture lines.
•  Stripped adhesions.
•  Positioning on surgical table.
•  Coagulopathies and platelet dysfunction.
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Table 17.2  Patient and procedure aspects

•  Adult patients
   1.  Thin periosteum
   2.  Stiffer spines than children
   3.  Arthritic facet joints
   4. � Comorbidities: Hypertension, heart disease, lung disease, 

diabetes, vascular disease, previous spine surgery, allergies, 
previous blood transfusion, cigarette smoking, cancer, 
anaemia, high body mass index

   5. � Surgery-related aspects: Emergency of elective cases—
Tumour, traumatic cases, deformity, infection, revision cases, 
fusion, single or combined approaches (anterior and posterior)

   6. � Medications: Anti-depressive drugs, anticoagulant treatment, 
non-steroidal anti-inflammatories, herbal and naturalistic 
supplements

   7.  Estimated blood loss: [3]
  ��    (a) Non-instrumented fusions 800 mL
  ��    (b) Instrumented fusions 1517 mL
  ��    (c) Deformities 1000–3000 mL
  ��    (d) Osteotomies 325–4700 mL
•  Paediatric patients
   1.  Thick periosteum
   2.  More flexible spines than adults
   3. � Comorbidities: Heart disease, lung disease, cerebral palsy, 

mielomeningocele, neurogenic bladder, neuromuscular 
disease, poor nutrition status, epilepsy

   4. � Surgery-related aspects: Emergency or elective cases—
Tumour, traumatic cases, deformity, revision cases, multiple-
level fusion, single or combined approaches (anterior and 
posterior), harvesting autogenous iliac crest bone

   5. � Medications: Antiepileptic drugs. Estimated blood loss (EBL) 
methods: [3]

  ��    (a) EBV = 70 mL/kg [3]
  ��    (b) Idiopathic scoliosis 9.8 mL/kg
  ��    (c) Secondary scoliosis 14.1 mL/kg
  ��    (d) Muscular dystrophy 29.3 mL/kg [3]
  ��    (e) �EBL per level—Anterior approaches, 60–135 mL/level; 

posterior approaches, 65–150 mL/level

17.3	� Haemostasis in Adult Patients

Adult patients can have thin periosteum bones with wider 
vascular channels. Epidural venous bleeding can be very sig-
nificant in obese patients. The spine in adult cases can be 
stiffer than adolescents; facet joints can have degenerative 
deformation that may require extensive bone resection. 
Osteotomies are a source of bleeding irrespective of the sur-
geon’s choice especially in cases that required sagittal bal-
ance correction. Adult patients with medical comorbidities 
cannot tolerate hypotension or controlled hypotension 
because of risk damage caused by decreased perfusion to 
critical organs. Adult patients have frequent use of different 
types of medications and herbal supplements that can 
increase bleeding. Patients sometimes forget or miss to tell 
medical staff about these habits. Some values of estimated 
blood loss (EBL) are listed from current literature, but good 
rule is always control blood losses during the surgery and 
made the correct replacement therapy.

17.4	� Haemostasis in Paediatric Patients

Paediatric patients can comprise a very heterogeneous group 
of patients. Paediatric spine pathology can be flexible or 
rigid ones as seen in some congenital malformations. 
Comorbidities present in the paediatric group can pose other 
specific management. In the paediatric group, all preopera-
tive estimates cannot be exact; therefore in all cases, volume 
of blood suctioned from the operative field, blood collected 
on sponges (determined from weighing by operating room 
nurses), drapes, gowns and sometimes on the floor can be of 
utmost importance on this matter.

Paediatric patients can tolerate controlled hypotension 
better than adult patients. The length of time of surgery and 
extra loss with harvesting autogenous iliac crest bone are 
other factors increasing blood loss in these patients. Some 
studies about EBL in specific surgical treatment of some 
paediatric spine pathologies are listed in Table 17.2 for refer-
ence. Effective haemostasis in surgery can offer various 
advantages to the patient, surgeon and health-care facility. As 
a result of intraoperative blood loss, the need for allogenic or 
autologous blood transfusions and the risks associated with 
blood transfusions are increased [6, 7]. Reduced length of 
stay in the intensive care unit (ICU) and overall length of 
hospital stay have been related to reductions in the amount of 
blood transfused. Excessive intraoperative blood loss also 
has been shown to significantly increase the risk of major 
perioperative complications [8, 9].

17.5	� Techniques for Maintaining 
Haemostasis in Surgery

Surgeons have an array of options to control bleeding, 
including mechanical and thermal techniques and devices as 
well as pharmacotherapies and topical agents which are 
listed in Table 17.3.

17.5.1	� Mechanical Techniques

Application of direct pressure or compression at a bleeding 
site is often the surgeon’s first choice to assist in the control 
of bleeding. Other mechanical methods, including sutures, 
staples and ligating clips, are useful if the source of bleeding 
is easily identifiable and able to be sealed. Compression or 
other mechanical methods, however, may not be appropriate 
during all surgical procedures, for example, if the source of 
bleeding is diffuse or hard to identify or the patient has an 
inherent or surgery-induced coagulopathy resulting from the 
type of surgical procedure (e.g. hemodilution, hypothermia) 
or prior administration of antiplatelet or anticoagulant medi-
cations [10]. One of the earliest topical haemostatic agents 
was cotton, in the form of gauze sponges. Although such 
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Table 17.3  Techniques for maintaining haemostasis in surgery [3]

•  Mechanical techniques
 �� Direct pressure
 �� Sutures
 �� Staples
 �� Ligating clips
 �� Fabric pads
 �� Gauzes
 �� Sponges
 �� Preoperative autologous blood donation (AUT)
 �� Intraoperative cell salvage (ICS)
 �� Postoperative autologous transfusion (PAT)
 �� Bone wax
 �� Preoperative embolization
•  Thermal techniques
 �� Cryotherapy
 �� Electrocautery
 �� Harmonic scalpel
 �� Laser
 �� Ultrasonic osteotome
•  Chemical techniques
 �� Neuraxial blockade
 �� Controlled hypotensive anaesthesia
 �� Local vasoconstrictors
 �� Aprotinin
 �� Aminocaproic acid
 �� Tranexamic acid
 �� Erythropoietin (EPO)
 �� Desmopressin
 �� Collagen
 �� Cellulose
 �� Gelatines
 �� Thrombins
 �� Fibrin sealants
 �� Haemostatic matrices

materials concentrate blood and coagulation products via 
physical adsorption, they are not absorbed by the body, and 
upon removal, the clot may be dislodged, leading to further 
bleeding. Autologous blood donation (AUT) has emerged as 
one of the principal means to avoid or reduce allogeneic 
blood transfusion. These techniques involve collection and 
reinfusion of the patient’s own blood, preoperative acute 
normovolemic hemodilution, intraoperative salvage of blood 
from surgical field and post-operative blood salvage (col-
lected and reinfused within first 6–8 post-operative hours) 
[11]. AUT has some other advantages, for example, in 
patients with rare blood groups, with multiple alloantibodies. 
It can be used safely and effectively in adult but also in ado-
lescents. García-Erce et al. [12] showed in their study that 
preoperative blood autologous donation needs to be associ-
ated with other blood-saving methods (haemostatic drugs, 
for example, EPO and perioperative blood salvage) in some 
specific scoliosis patients for better results. In addition, blood 
retrieval is not recommended in patients with haemoglobin 
(Hb) levels lower than 11  g/dL [13]. By maintaining ade-

quate haemoglobin concentrations during repeated blood 
collection, it is possible to reduce the interval between dona-
tions and retrieve a larger number of autologous blood units, 
thereby covering the predicted requirements. A meta-analysis 
study published by Henry et al. concluded that preoperative 
donation of autologous blood reduces exposure to allogeneic 
blood transfusion by 68% [14]. However, for those patients 
who donated autologous blood, the risk of receiving any 
transfusion (allogeneic and/or autologous) was increased by 
24%. The increased rate of exposure to any transfusion may 
be attributed to two factors: (1) patients who donate autolo-
gous blood in general have lower preoperative haemoglobin 
levels than those patients who do not predonate autologous 
blood and therefore have an increased probability of requir-
ing an intraoperative and/or post-operative blood transfu-
sion; (2) the availability of predonated autologous blood 
engenders a more liberal transfusion policy. An analysis we 
performed of 35 non-randomized studies of AUT showed 
that the overall transfusion rate (allogeneic and/or autolo-
gous) was 67% in patients allocated to AUT [15]. This result 
is similar to what was seen in this meta-analysis of random-
ized controlled trials, which showed an overall transfusion 
rate (allogeneic and/or autologous) of 78% in those patients 
randomized to AUT. On the basis of the current evidence, 
AUT appears effective in reducing exposure to allogeneic 
blood. However, preoperative autologous donation exposes 
patients to other potential risks associated with blood dona-
tion and blood transfusion. As reported, the incidence of 
reactions occurring at the time of donation is similar for allo-
geneic and autologous donors (between 2% and 5%), with 
most reactions being mild and of a vasovagal origin [16]. 
Autologous blood can become contaminated with bacteria 
and can cause circulatory overload, particularly in elderly 
patients if used in a liberal fashion without a transfusion pro-
tocol. As with any transfusion, there is the ever-present risk 
of transfusing the wrong blood due to clerical, laboratory or 
ward error [17]. The overall benefits of AUT probably out-
weigh the harms for some groups, for instance, those who 
have been alloimmunized through repeated transfusion and 
are contemplating elective surgery. However, a full assess-
ment of the balance of benefit and harm requires a better 
understanding of the clinical value of legitimate indications 
for red cell transfusion. Intraoperative cell salvage (ICS) and 
post-operative autologous transfusion (PAT) seem to avoid 
some of the problems of blood storage. During surgery, the 
intraoperatively salvaged blood can be processed to obtain a 
red cell concentrate ready for transfusion [18]. This proce-
dure has few complications, the most normal being dilution 
coagulopathy when a large volume of processed blood is 
being transfused. However, in spine surgery, the effective-
ness of ICS (inhaled corticosteroid) is controversial, and its 
selective use for operations with high intraoperative blood 
loss is recommended [19]. Finally, in a retrospective study 
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by Reitman et  al. [20], the USB (unwashed filtered shed 
blood) group required fewer post-operative transfusions (1 U 
to 36% of patients in the US group versus 1 U to 50% of 
patients in the control group). However, the authors con-
cluded that the difference was less than expected and that the 
use of USB was not cost-effective during most elective lum-
bar procedures. PAT consists of recuperation and reinfusion 
of shed blood from post-operative draining, total knee arthro-
plasty being the operation where it has been used the most. 
There are now in the market a number of devices for collect-
ing post-operative shed blood, the principal differentiating 
characteristic being the existence or not of a washing process 
for the salvaged blood. When the ICS is not used, PAT is 
normally performed by using devices that recuperate and 
retransfuse shed blood to the patient as unwashed filtered 
shed blood (USB). USB contains certain activated coagula-
tion factors as well as degrading products of the fibrinogen 
so that its reinfusion could lead to a coagulopathy. When 
analysing the evolution of the levels of these proteins in sam-
ples obtained from the patients at 1 and 24 h after reinfusion, 
a trend to normalization was seen, and no alterations were 
detected in standard coagulation times [21]. In 13 studies, 
nearly 700 patients undergoing surgery who received a rein-
fusion of an average of 560 mL of USB did not experience 
clinically significant coagulopathy or increase in post-
operative bleeding [22]. Bone wax is a well-known topical 
haemostatic agent composed of beeswax and baseline. It 
allows clot formation by stopping blood flow from damaged 
vessels into the bone [23]. Bone wax is known to inhibit 
osteogenesis and bone healing in some animal studies [24, 
25]. It should never be left in fusion sites and within the spi-
nal canal. It must never be used also in contaminated fields 
[26]. Preoperative embolization of spinal lesions of great 
bleeding potential seems to be a rational surgical strategy 
when it is available and the lesion is reachable by endovascu-
lar selective catheterization [27]. Vertebral metastases are 
responsible for 30–70% of spinal tumours [28]. The most 
highly vascular metastases are from thyroid and renal cell 
carcinoma [29]. Some publications in the literature clearly 
showed that preoperative endovascular embolization reduced 
intraoperative blood loss [30, 31]. This procedure has been 
described as beneficial in cases of vertebral aneurysmal bone 
cysts [32], vertebral haemangiomas [33], osteoblastoma, 
chondroma, chondrosarcoma [34] and many types of verte-
bral metastases [35]. The embolization procedure is more 
frequently performed in lumbar and thoracic spine tumours 
than in cervical spine lesions. The reason is that in cervical 
spine lesions, one can see frequent anastomoses between 
carotid, vertebral and subclavian arteries. The risk of cere-
bral or spinal cord embolization in these cases is increased 
[36]. The protocol must include the correct vascular anatomy 
of the region of interest, the identification of blush pattern of 
the lesion and the selection of the specific material for embo-

lization (e.g. coils, polyvinyl alcohol (PVA) particles). All 
endovascular procedures should precede in 20 days at least 
the surgical treatment of the lesion. Partial embolization 
cases seem to not reduce the amount of bleeding during the 
surgery, so it must be informed to the surgical team for 
proper or adjusted measures at the time of surgery.

17.5.2	� Thermal Techniques

Thermal techniques, such as cryotherapy, harmonic scalpels, 
lasers and ultrasonic osteotome, also have become viable 
surgical options to reduce bleeding. In spinal tumour sur-
gery, preoperative embolization procedure sometimes cannot 
be enough to reduce the blood flow or cannot be accom-
plished for anatomical limitations. Cryocoagulation can be 
performed intraoperatively after adequate exposure of the 
tumour. The system uses liquid nitrogen as the circulating 
agent with which freezing is induced. Probe temperatures 
can reach a nadir of −180°C. Probe sizes used on this pur-
pose are in 3 and 5  mm diameter. Straight- and flat-head 
probes can be used on this technique. These can be inserted 
eccentrically in the tumour and gradually moved towards its 
centre and towards the spinal cord and canal. Ultrasonography 
is used to monitor the ice ball of the cryotherapy, as well as 
to ensure that the spinal cord or spinal nerves are not affected. 
Cryotherapy treatment times varies from 5 to 10  min. 
Somatosensory-evoked potentials must be monitored during 
the procedure. The spinal cord and spinal nerves should be 
protected at all times from the probe. The extent of cryoco-
agulation is controlled using intraoperative ultrasonography 
(with a 12-mHz transducer) or by establishing physical sepa-
ration of the spinal cord from the tumour. The echogenicity 
of the frozen tissue differs distinctly from that of the unfro-
zen tissue such that the extent of freezing is visible on the 
ultrasound and controlled accordingly. Following freezing of 
the tumour, the probe can be removed, and resection of the 
tumour is then conducted. The other advantages of this 
method besides the reduction of intraoperative bleeding are 
that it allows a more radical tumour excision, prevents intra-
operative spillage from tumour content and therefore permits 
a better spinal reconstruction [37]. Harmonic scalpel (HS) is 
an ultrasonically activated coagulator which generates less 
heat and minimal smoke during surgery compared to electro-
cauterization (EC). The lower degree of heat generation 
causes less thermal injury to the tissue than regular EC. The 
outstanding quality of the HS is its ability to coagulate and 
cut vessels. Cakir et al. [38] made a cost-effective study with 
two matched blinded posterior spine surgery groups. The 
author concluded that the use of HS resulted in statistically 
significantly less intraoperative and post-operative less blood 
loss and less operating times than EC. Although the HS is an 
expensive device, the personnel costs for autologous blood 
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predonation were not taken into consideration. This device 
was considered cost neutral in cases with major anticipated 
blood loss. The ultrasonic BoneScalpel™ (Bone Scalpel, 
Misonix, USA) is a tissue-specific device that allows to the 
surgeon to make precise osteotomies while protecting col-
lateral or adjacent soft tissue structures. The device is com-
prised of a blunt ultrasonic blade that oscillates at over 
22,500 cycles with an imperceptible microscopic amplitude. 
The recurring impacts pulverize the non-compliant crystal-
line structure resulting in a precise cut. The more compliant 
adjacent soft tissue is not affected by the ultrasonic oscilla-
tion. One recent paper reported an experience with 128 con-
secutive spine surgeries with the use of the ultrasonic scalpel 
[39]. The majority of the patients had previous spine surger-
ies and/or spinal deformity. In all cases, the ultrasonic scal-
pel was successfully used to create the needed osteotomies 
with high precision to facilitate the surgical procedure with-
out percussion on the spinal column or injury to the underly-
ing nerves. The major advantage (although difficult to 
objectively quantify) of this ultrasonic device is the reduc-
tion of bleeding which helps to create and maintain visibility 
in the surgical field. The authors have noticed that by virtue 
of the precision and ease of control (oscillation versus rota-
tion), the efficiency of the surgery has improved. As a result, 
those often technically challenging osteotomy procedures 
can now be performed in less time with the ultrasonic scal-
pel. The ultrasonic scalpel uses a narrow blade with a self-
irrigating system that provides lubrication and cooling into 
the cutting cavity and limits the risk of mechanical and ther-
mal injury [40]. However, they reported one incident of dural 
tear from the overheating of the local tissue by the scalpel 
blade sitting in one position. It is imperative that the surgeon 
continues to move the device and not let it bind in one posi-
tion. A total of 11 dural injuries (8.6%) occurred in their case 
series. Since majority of the patients had previous spine sur-
gery and/or spinal deformity, this dural injury rate is compa-
rable with previous reports [41].

17.5.3	� Chemical Techniques

Depending on the procedure and location of the bleeding tis-
sue, it may be impractical or impossible to effectively stop 
blood loss via mechanical or thermal haemostatic techniques. 
For example, in bony surfaces, parenchymal tissues, inflamed 
or friable vessels or tissues containing multiple and diffused 
capillaries, it is extremely difficult to maintain haemostasis 
with these methods. The use of effective pharmacological 
methods during surgery can be a useful option or an adjunct 
to other methods in these situations. The pharmacological 
methods seek to augment surgical haemostasis by enhancing 
the natural coagulative mechanisms or in reduction of bleed-
ing by indirect effects as in case of specific anaesthesiology 

techniques. Neuraxial blockade is the term for central blocks 
involving the spinal, epidural and caudal spaces. While it is 
now an invaluable adjunct and even occasionally an alterna-
tive to general anaesthesia, its use is not a new phenomenon 
[42]. Regardless of the class of local anaesthetic, these drugs 
can be divided into ones that are short, intermediate or long 
acting. Lidocaine has traditionally been the agent of choice 
or slightly longer surgical procedures that require an 
intermediate-acting local anaesthetic. Some centres have 
also adopted the use of mepivacaine for its longer length of 
action with a similar onset profile. Of note is the potential for 
an increased incidence of hypotension due to venous pooling 
from the beta effects of epinephrine-containing solutions. 
This phenomenon seems to be especially true to patients 
receiving lumbar epidural anaesthesia. Hypotension can also 
occur which is attributed to the reduction of sympathetic out-
flow via opioid receptors in the sympathetic ganglia. Longer-
acting local anaesthetics used for epidural anaesthesia 
typically consist of either bupivacaine or ropivacaine in vary-
ing concentrations.

Another class of analgesic adjuvants includes alpha-
adrenergic agonists. Clonidine is the main drug used in this 
class due to its production as a preservative-free preparation. 
The effects of epidurally administered clonidine are seen as 
early as 20 min after injection, with peak effects occurring in 
1 h. The analgesic potency has been described as being com-
parable to epidurally administered morphine [43]. Adding 
clonidine to opioids in the epidural space has an additive 
effect, which results in a lower dose of narcotic necessary for 
optimal pain control. This as a consequence diminishes the 
incidence of respiratory depression that potentially occurs 
with neuraxial opioids. Clonidine is lipophilic and as a result 
is quickly redistributed systemically despite neuraxial injec-
tion. It therefore has both central and peripheral effects. At 
lower doses, the central effects cause sympatholysis leading 
to hypotension, while the peripheral effects at higher doses 
cause vasoconstriction. Clonidine administered in the low 
thoracic or lumbar region typically produces blood pressure 
effects similar to that seen with intravenous administration 
[44]. When given in the mid or upper thoracic regions, epi-
durally administered clonidine causes an even greater 
decrease in blood pressure [45]. This more substantial drop 
in blood pressure is attributed to blocking thoracic derma-
tomes that contribute to sympathetic fibres innervating the 
heart. In addition to the hypotensive potential of clonidine, 
bradycardia and nausea with or without vomiting are also 
potential side effects. Controlled hypotensive anaesthesia 
(CHA) has been used for many years as a means of reducing 
intraoperative blood loss and facilitating surgical exposure. 
Reduced intraoperative blood pressure leads to a direct 
reduction in bleeding from surgically injured arteries and 
arterioles. Venous dilation, in turn, decreases venous bleed-
ing, especially from cancellous bony sinuses that do not col-
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lapse when transected [46]. There have been a number of 
prospective trials demonstrating the efficacy of controlled 
hypotension, alone or in combination with other techniques, 
at reducing the blood loss and transfusion requirement of 
major spinal surgery [47, 48]. However, other studies showed 
that CHA does not decrease transfusion requirements com-
pared with normotensive anaesthesia in scoliosis surgery 
[49]. Anaesthetic agents used to induce deliberate 
hypotension in current practice include the volatile gases 
(isoflurane, desflurane and sevoflurane) and intravenous sed-
ative medications (thiopental and propofol). Interference 
with the ability to measure and compare somatosensory- or 
motor-evoked potentials is the principal limitation to using 
any anaesthetic agents to produce hypotension. Concerns 
about hypotension are addressed during spine surgeries. 
Hypotension makes the patient more susceptible to cardiac 
arrest if a sudden surgical catastrophe or if a massive haem-
orrhage or tension pneumothorax occurs. In adult or criti-
cally ill patients, the ischaemic threshold of individual organs 
is impossible to estimate, and because monitoring of perfu-
sion is indirect at best, there have been occasional case 
reports of complications noted following uneventful anaes-
thetics [50]. New onset or worsening of neurologic deficit 
below the level of surgery may result from direct injury or 
overdistraction of the spinal cord, hypoperfusion or a combi-
nation of the two. Continuous electrophysiologic monitoring 
of either the anterior spinal cord (motor-evoked potentials) 
or posterior cord (somatosensory-evoked potentials) is the 
standard of care for most complex spinal surgeries. Electrical 
evidence of decreased spinal cord function should lead the 
provider to abandon the hypotensive technique, accepting 
the potential for increased haemorrhage in exchange for 
maximizing perfusion. Myocardial ischaemia or infarct is 
rare following hypotensive anaesthesia and is usually the 
result of unrecognized hypovolaemia and vasoconstriction, 
anaemia, occult coronary disease or a combination. Sudden 
desaturation has been described during controlled hypoten-
sion, which may put vulnerable patients at risk [51]. Risk 
factors for decreased myocardial reserve, such as advanced 
age, diabetes, atherosclerosis or resting hypertension, are all 
relative contraindications to controlled hypotension. These 
patients may already have flow-limited myocardial perfu-
sion, as well as altered autoregulatory thresholds in other 
organ systems. Another possible side effect of hypotension is 
the development of perioperative ischaemic optic neuropa-
thy (POION) during surgery. Although this complication is 
very rare in spinal surgery, with previous studies citing inci-
dence rates between 0% and 0.12%, the condition is debili-
tating and is still a cause for concern [52]. These patients can 
complain loss of vision in one eye—characterized by loss of 
colour vision, visual field defect and relative afferent pupil-
lary defect. Although the cause of POION is unclear, it is 
thought to be related to compromised blood flow to the optic 

nerve. The Johns Hopkins study reported that the four 
affected patients by POION experienced anaemia, hypoten-
sion or both, during surgery. Other possible risk factors were 
prone position, long procedure times and significant intraop-
erative hydration. It is generally accepted that surgeons and 
anaesthesiologists should aim for mean arterial blood pres-
sure of 50–60 mmHg to provide safe and adequate hypoten-
sion during spinal surgery in healthy patients [53]. In 1999, 
in a randomized trial performed on 235 elderly patients, the 
mean intraoperative arterial blood pressure reduced to as low 
as 45–55 mmHg was equally as safe as the less hypotensive 
group’s mean pressure of 55–70 mmHg with respect to short- 
and long-term risks [54]. Local vasoconstrictors are used by 
infiltration of paraspinal muscles with epinephrine and orni-
pressin to reduce bleeding in many spine procedures [55]. 
However, no relation between intraoperative blood loss and 
the amount of injected epinephrine was observed [56]. The 
literature in this matter is scarce. Some reports of epineph-
rine usage in hypotensive epidural anaesthesia result in a 
reduced intraoperative bleeding in orthopaedic procedures 
[57]. Aprotinin, tranexamic acid (TXA) and epsilon amino-
caproic acid (EACA) are drugs widely used in many types of 
surgeries as cardiac surgery, orthopaedic surgery and vascu-
lar surgery. Aprotinin is a non-specific, serine protease inhib-
itor, derived from the bovine lung, with antifibrinolytic 
properties. It acts as an inhibitor of several serine proteases, 
including trypsin, plasmin, plasma kallikrein and tissue kal-
likrein. Aprotinin also inhibits the contact phase activation of 
coagulation that both initiates coagulation and promotes 
fibrinolysis [58]. Drug regimen will not be given (see text 
below). TXA and EACA are synthetic lysine analogues (syn-
thetic derivatives of the amino acid lysine) that act as effec-
tive inhibitors of fibrinolysis. TXA and EACA act principally 
by blocking the lysine binding sites on plasminogen mole-
cules, inhibiting the formation of plasmin and therefore 
inhibiting fibrinolysis. Tranexamic acid is about 10 times 
more potent than aminocaproic acid and binds much more 
strongly to both the strong and weak sites of the plasminogen 
molecule than EACA [17]. TXA drug regimen usually given 
in patients with congenital bleeding disorders is 10 mg/kg 
and is suggested also for cardiac and major orthopaedic sur-
gery. For complex procedures taking many hours, this could 
be followed by a maintenance infusion of 1 mg/kg/h. TXA is 
contraindicated in patients with renal and urethral patholo-
gies because of the risk of clot formation and hydronephrosis 
[59]. EACA drug regimen usually given is 75–150  mg/kg 
followed by 12.5–30  mg/kg/h. EACA has been associated 
with hypotension, cardiac arrhythmias, myopathy and rhab-
domyolysis but is the only available antifibrinolytic agent in 
some places. In 2013, the Cochrane Database of Systematic 
Reviews published a specific and a very comprehensive 
meta-analysis study with specific objective to assess all ran-
domized controlled trials (RCTs) studying these drugs in 
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respect of blood loss during surgery in adult patients, who 
need for red blood cell (RBC) transfusion, and adverse 
events, particularly vascular occlusion, renal dysfunction 
and death [60]. This review summarizes data from 252 RCTs 
that recruited over 25,000 participants. Of the 252 included 
trials, 173 were conducted in cardiac surgery, 53 trials were 
in orthopaedic surgery, 14 involved liver surgery, 5 were con-
ducted in vascular surgery, 4 involved thoracic surgery, 1 
involved gynaecological surgery, 1 involved neurosurgery 
and 1 trial was in orthognathic surgery.

Twenty trials of TXA versus control involving orthopae-
dic surgery reported total blood loss data (intraoperative and 
post-operative blood loss combined). These trials included a 
total of 1201 patients, of whom 605 were randomized to 
TXA and 596 were randomized to a control group. The use 
of TXA in orthopaedic surgery significantly reduced the total 
amount of blood lost during the perioperative period (MD 
−446.19 mls, 95% CI −554.61 to −337.78 mls). Heterogeneity 
between these trials was statistically significant (Chi2 = 85.30, 
df = 19, P < 0.00001; I2 = 78%). The use of TXA was not 
associated with an increased risk of myocardial infarction 
stroke, DVT renal failure or renal dysfunction. Of the 65 tri-
als of TXA that provided data on the number of patients 
exposed to allogeneic blood transfusion, 28 were assessed as 
having adequate allocation concealment of treatment sched-
ule. For these 28 trials, the use of TXA reduced the rate of 
allogeneic blood transfusion by a relative 41% (RR 0.59, 
95% CI 0.51–0.69). The use of EACA in orthopaedic surgery 
reduced blood loss during the perioperative period by around 
300 mls per patient (MD −299.69 mls, 95% CI −522.54 to 
−76.84 mls). Heterogeneity between these trials was not sta-
tistically significant (Chi2 = 0.73, df = 1, P = 0.39; I2 = 0%). 
The use of EACA was not associated with an increased risk 
of myocardial infarction, stroke, DVT, pulmonary embolism 
or renal failure/dysfunction. Of the 16 trials that provided 
data on the number of patients exposed to allogeneic blood 
transfusion, 5 were assessed as having adequate allocation 
concealment of treatment schedule. For these trials, the use 
of EACA did not statistically significantly reduce the rate of 
allogeneic blood transfusion (RR 0.82, 95% CI 0.58–1.16). 
Data from the head-to-head trials suggest an advantage of 
aprotinin over the lysine analogues TXA and EACA in terms 
of reducing perioperative blood loss, but the differences were 
small. In 2008, a large pharmacoepidemiological study by 
Schneeweiss et al. [61] confirmed the increased risk of death 
with aprotinin. After adjustment, the estimated risk of death 
was 64% higher in the aprotinin group than in the aminoca-
proic acid group (relative risk, 1.64; 95% confidence interval 
[CI], 1.50–1.78). This difference remained statistically sig-
nificant after a range of analytical procedures including a 
propensity score-matched analysis and an instrumental vari-
able analysis. Consequently, the balance of benefit and harm 
favours the use of the lysine analogues over aprotinin and 

justifies the regulatory action that resulted in the withdrawal 
of aprotinin from international markets in 2008 [62]. This 
study concluded that tranexamic acid and epsilon aminoca-
proic acid provide worthwhile reductions in blood loss and 
the need for allogeneic red cell transfusion in adult surgical 
patients. Based on the results of randomized trials, their effi-
cacy does not appear to be offset by serious adverse effects. 
The evidence is stronger for tranexamic acid than for epsilon 
aminocaproic acid. Another study published on the Cochrane 
Database of Systematic Reviews assess the efficacy and 
safety of aprotinin, tranexamic acid and aminocaproic acid 
in reducing blood loss and transfusion requirements in chil-
dren undergoing scoliosis surgery including children and 
patients under 18 years of age [63]. The total number of par-
ticipants in the included studies was 254, of whom 127 
received placebo and 127 received antifibrinolytic drugs. 
Antifibrinolytic drugs decreased the amount of blood trans-
fused by 327  mL and the amount of blood loss by 
427  mL.  However, the actual need of transfusion was not 
significantly decreased. Although no deaths or adverse 
events were noted with the use of these antifibrinolytic drugs, 
the number of children evaluated was too small and the dura-
tion of follow-up too short to draw any conclusion on their 
safety. The risk of being transfused was 13% lower in patients 
receiving antifibrinolytic drugs; however, the difference was 
not statistically significant (95% confidence interval (CI), 
0.67–1.12). The authors concluded that antifibrinolytic drugs 
decrease blood loss in children undergoing scoliosis surgery 
and, therefore, could be added to the armamentarium of 
available techniques to reduce bleeding. Although the 
decrease in blood loss can be considered clinically impor-
tant, whether antifibrinolytic drugs reduce the need for trans-
fusions remains unclear. Further studies will be needed to 
clarify the efficacy of this class of drugs on this purpose. 
Erythropoietin (EPO) is a hormone that regulates erythropoi-
esis, acting on erythroid colony-forming units by stimulating 
progenitor cell differentiation in the bone marrow. EPO 
accelerates maturation of proerythroblasts to reticulocytes, 
stimulates the synthesis of haemoglobin (Hb) and promotes 
the release of reticulocytes to the circulation and their dif-
ferentiation into mature red blood cells [64]. Recombinant 
human erythropoietin (rHuEPO) is a biosynthetic form of 
the natural hormone having the same biochemical structure 
and biological effect [65]. There are two types of rHuEPO: 
the alpha type and the beta type, presented in lyophilized 
form and reconstituted with saline solution [66]. Recombinant 
human erythropoietin can be administered intravenously or 
subcutaneously. It reaches peak plasma concentration faster 
by the intravenous route, although the half-life is shorter 
(5–10  h) [67]. Availability is lower with subcutaneous 
administration, but the half-life is longer (12–18 h), and this 
route is usually recommended for the management of peri-
operative anaemia [68]. Initially, the recommended dose was 
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300 IU/kg/day during 15 days [15, 69]. However, Goldberg 
demonstrated that a weekly dose of 600  IU/kg starting 
3 weeks before the procedure achieved a higher increase in 
haemoglobin (1.44 g/dL versus 0.73 g/dL) with comparable 
safety and efficacy and lower cost [70]. Current recom-
mended dosage is 600  IU/kg of subcutaneous rHuEPO 
weekly, given over 3 weeks (days 21, 14 and 7 before the 
surgical procedure) and on the day of surgery. In practice, 
administration of a 40,000 IU vial weekly is recommended 
in adults with a mean weight of around 65 kg. The 40,000 IU 
dose is authorized exclusively for preoperative rHuEPO 
treatment. When haemoglobin levels reach 15 g/dL at any of 
the preoperative analyses, rHuEPO administration is inter-
rupted indefinitely [71]. Blood management is most difficult 
in adult patients with complex deformities requiring very 
aggressive surgery with circumferential approaches and long 
spinal instrumentation. Colomina et al. made a specific study 
in spine surgery and divided their patients in three groups, 
one who did not received EPO (degenerative and deformity 
cases) and other two groups who received EPO (degenera-
tive (>2 levels) and adult deformity cases, respectively). Two 
groups received rHuEPO based on their protocol: the adult 
deformity patients, 98% complied with AUT estimations and 
only 14.6% required allogenic blood transfusion. In patients 
with degenerative cases (>2 levels) of surgery and a pre-
dicted blood loss of around 50% of total volume, nearly 97% 
did not require allogenic transfusions when rHuEPO treat-
ment was associated with the AUT programme [72]. The 
authors conclude that surgery involving blood losses under 
30% of the patient’s total volume can be accomplished with-
out the need for allogenic transfusion, if the baseline haemo-
globin level is greater than 13  g/dL.  Recombinant human 
erythropoietin administration is very effective for attaining 
this level and can be used as the only blood-sparing tech-
nique in these patients. When the expected blood loss is 
around 50% of the total volume, AUT is the standard tech-
nique applied. Addition of rHuEPO to AUT in these patients 
improves haemoglobin levels and facilitates retrieval of the 
autologous blood units required. This combination can avoid 
allogenic transfusion in 95% of the patients. When surgery is 
associated with a predicted blood loss close to the patient’s 
total blood volume, the combined blood-sparing technique 
should always be used. Despite the complexity and aggres-
siveness of the procedure, with the combination of AUT and 
rHuEPO, more than 80% of the patients operated will not 
require allogenic transfusions. The disadvantages of rHuEPO 
therapy include side effects and cost. Side effects may 
include hypertension, myocardial infarction, angina and 
deep venous thrombosis, though previous literature showed 
that these effects were not increased compared with control 
groups [73]. The cost of the epoetin alfa dose regimen, a spe-
cific type of rHuEPO, is approximately US$400 per injec-
tion, or a total of US$1600 in the USA [74]. Desmopressin: 

Deamino-8-d-arginin vasopressin (DDVAP or desmopres-
sin) is an analogue of the natural hormone vasopressin or 
antidiuretic hormone (ADH). It increases the release of fac-
tor VIIc and von Willebrand factor (vWF) from endothelial 
cells, along with a paradoxical increase of plasminogen acti-
vator and prostaglandins. DDAVP, originally developed and 
licensed for the treatment of inherited defects of haemosta-
sis, given by slow intravenous infusion at a dose of 0.3 μg/
kg, acts by releasing ultralarge von Willebrand factor multi-
mers from endothelial cells, leading to an enhancement of 
primary haemostasis [75]. Despite the successful use of 
DDAVP in patients with von Willebrand disease, congenital 
platelet disorders, renal failure, cirrhosis and long-term salic-
ylate treatment, its effectiveness during spinal surgery has 
been controversial, as it is based on a small number of exper-
imental studies [76]. Carless et  al. published a systematic 
review about desmopressin use for minimizing allogenic 
blood transfusion in patients without congenital bleeding 
disorders failing to show any real and effective efficacy on 
this matter [77]. However, in patients with spinal disorders 
with von Willebrand disease requiring surgical treatment, a 
very specific and detailed preoperative surgical strategy will 
be needed using this drug for successful treatment [78]. 
Absorbable topical haemostatic agents have since been 
developed and provide useful adjunctive therapy when con-
ventional methods of haemostasis are ineffective or impracti-
cal. Topical haemostatic agents can be applied directly to the 
bleeding site and may prevent continuous unrelenting bleed-
ing throughout the entire procedure and into the post-
operative recovery period. They are in the market in multiple 
types and options.

Collagen-based products: The efficacy of collagen-
derived haemostatic agents has been established in standard-
ized animal studies and clinically in man [79, 80]. They lead 
to thrombocyte adhesion and activation of coagulation factor 
XII (Hageman factor). Like gelatin products, collagen-based 
haemostatics can be of bovine, porcine or equine origin and 
are available in different forms, such as sheets, powder or 
aggregates. As they can cause adhesion formation and 
immune reactions, they should not be left in the spinal canal. 
They can interfere with bone healing and cause allergic reac-
tions and infection. This should be applied dry with clean 
and dry instruments, and pressure with gloved fingers should 
never be placed, as the collagen-based products would 
adhere to the glove more than on the haemorrhage site. Post-
operative adhesion of the haemostatic agent to neural struc-
tures is possible. Therefore, it is recommended to tease way 
the excess of product after 5–10  min. Swelling occurs, 
although less so than with other products, and surgeons 
should be aware of this when these products are left in place 
in rigid compartments [23]. Oxidized cellulose presents mul-
tiple mechanisms of action, including physical and mechani-
cal actions in tamponade, blood absorption, swelling and gel 
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formation and then surface interactions with proteins, plate-
lets and intrinsic and extrinsic pathway activation. One major 
advantage of oxidized cellulose is its definite and potent 
action against a wide variety of pathogenic organisms, both 
in vivo and in vitro. This beneficial effect is immediate and is 
exerted by a low pH effect. The current theory is that this 
chemical haemostatic reduces the effective initial inoculum 
with an acid hostile ambient, allowing the host’s natural 
defences to overcome the organism [81]. Activation of the 
initial coagulation phase is caused by their surface effect. 
They also induce a moderate acceleration of fibrinogen 
polymerization and seem to act as a caustic haemostat by 
decreasing pH [82]. Bacteriostatic properties of this product 
should be preferred in particularly contaminated fields. 
Obviously, should this event occur, the use of no agent at all 
is always better. Wadding or packing in rigid cavities (neural 
foramina) should be avoided, due to risks related to swelling 
phenomena. Gelatin-based: Absorbable gelatin sponges are 
available in multiple formulations (sheds, powder, foam). 
Except for thrombin-soaked formulations, their haemostatic 
effect appears to be a physical effect rather than a “surface 
effect”. When compared with collagen-based products, gela-
tin sponges have been reported to form a better quality clot 
[83]. During spine procedures, attention should be paid to 
remove the excess, and the surgeon should be aware that 
gelatin can interfere with bone healing. In infected spaces, its 
use is contraindicated, because it may enhance the infectious 
process. It could be suggested placing it dry with moderate 
pressure on the bleeding site. This agent can double in vol-
ume by swelling and can also cause compressive complica-
tions. If soaked in thrombin, GF has an increased haemostatic 
action. Thrombin: The active topical haemostatic agent 
thrombin has been widely used in surgery for years. The 
agent has had a long history of clinical efficacy and safety in 
many surgical procedures [84]. Unlike passive agents, which 
rely on the presence of normal clotting processes, however, 
the active agent thrombin acts at the end of the clotting cas-
cade, rendering its action less susceptible to coagulopathies 
caused by clotting factor deficiencies or platelet malfunction 
[85]. Thrombin can provide a logical and useful choice in 
patients receiving antiplatelet and/or anticoagulation agents, 
which is occurring in an increasing proportion of surgical 
cases [10]. Thrombin relies on the presence of fibrinogen in 
the patient’s blood; however, it is ineffective in patients who 
have afibrinogenaemia, a rare condition reported to affect 
one in one million people. Additionally, thrombin itself does 
not need to be removed from the site of bleeding before 
wound closure, unlike many of the passive topical haemo-
static agents, and degeneration and reabsorption of the 
resulting fibrin clot are achieved during normal wound heal-
ing [86]. The sprayable formulation of thrombin offers 
potential advantages in the surgical setting because wide sur-
faces can be treated instantaneously without the need for 

tamponade. Awareness of the potential of bovine thrombin 
products to induce antibodies has been raised; however, the 
clinical implications are still largely unclear [87]. Although 
many patients will demonstrate no clinical or laboratory 
abnormalities after the development of antibodies to throm-
bin preparations, abnormalities in blood coagulation tests are 
occasionally reported and have rarely been fatal [88]. Fibrin 
sealants are sterile, virally inactivated preparation of purified 
human fibrinogen and thrombin. Fibrin glue bypasses the 
clotting cascade by catalysing the conversion of fibrinogen 
into fibrin to immediately produce activated clotting factors 
[89]. Stimulating the formation of a fibrin clot, fibrin “glues” 
initiate the final stage of the clotting cascade. Two major 
families can be distinguished: the combination of a fibrino-
gen component together with a thrombin/Ca solution and, 
more recently, a collagen/thrombin component that uses the 
endogenous fibrinogen of the bleeding source. There are sev-
eral concerning issues regarding the use of fibrin glue in the 
setting of lumbar spine surgery. From a practical standpoint, 
the approximate 20-min preparation time can be relatively 
significant when approaching the end of an operation. Once 
applied, the coagulum needs 3–5 min to attain optimal adher-
ence and 2 h to reach its ultimate strength. The feasibility of 
providing appropriate setting conditions during bleeding, 
irrigation, building intradural pressure and movement 
remains questionable. There is also concern regarding the 
effect of fibrin glue on bone formation. Although some stud-
ies have shown fibrin glue to be a successful scaffold for 
bone growth when combined with osteoinductive or osteo-
conductive substances, multiple animal studies have raised 
concern that fibrin glue may inhibit bony fusion, even when 
using recombinant bone morphogenetic proteins [90, 91]. A 
Cochrane review on the use of fibrin sealants in surgery sug-
gests efficacy, but this conclusion is hampered by the small 
number of trials and limitations in the methodology. Fibrin 
sealants have been reported to be effective in spine surgery 
and to diminish scar formation [92, 93].

Haemostatic matrices: The bicomponent medium of the 
second family of fibrin glues contains thrombin and a gelatin 
matrix. A tamponade effect of the swelling collagen granules 
restricts bleeding, while the gelatin matrix provides the 
structural integrity required to remain in situ. Its main advan-
tage is that it can easily be used on wet and bleeding tissues, 
and favourable results have been reported in spinal proce-
dures [10].

17.6	� Assessing the Risk of Blood 
Transfusions in Spine Surgery

Many researches on literature discuss and try to define pre-
dictors that can be used to estimate the risk or probability of 
blood transfusion in elective spine procedures. Nuttall et al. 
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made a retrospective analysis of 244 patients who have sub-
mitted to spine procedures and after statistical linear multiple 
regression modelling concluded that low preoperative hae-
moglobin concentration, tumour surgery, increased number 
of posterior levels surgically fused, history of pulmonary dis-
ease, less amount of autologous blood available and no use 
of the Jackson table were significant determinants of the 
number of allogeneic RBC units transfused on the day of 
surgery. In the current study, idiopathic scoliosis was not 
found to be a predictor of increased RBC or coagulation 
product transfusions. A benefit from the use of hypotensive 
anaesthesia technique was not found in their study [94]. In 
another retrospective study, Lenoir et  al. analysed 230 
patients who were submitted to spine procedures [95]. 
Patients’ data were analysed in a retrospective study trying to 
identify an individual probability of allogeneic transfusion in 
adult patients undergoing elective thoracolumbar spine sur-
gery. These patients were submitted in a specific anaesthesia 
and transfusion protocols, and all patients received 
tranexamic acid in a continuous intravenous infusion until 
the skin closed. Different factors collected were tested in sta-
tistic techniques. The authors created a specific score includ-
ing age, preoperative haemoglobin level, number of spine 
fusion levels and osteotomy as follows (PMTSS (predictive 
model of transfusion in spine surgery) score calculation, see 
Table 17.4).

Predictive model of transfusion in spine surgery (PMTSS) 
is calculated as the arithmetic sum of points assigned to each 
item, except in case of osteotomy, where the maximum num-
ber of points [4] is allocated in any case. When age <50 years, 
fusion level <2, haemoglobin (Hb) >14 or no osteotomy is 
planned, 0 points are, respectively, allocated for each item. 
The score is then comprised between 0 and 4 and defined five 
distinct levels of allogeneic transfusion risk.

Patients with score total above two points should be 
screened to preoperative blood-sparing techniques to reduce 
allogeneic blood transfusion. However, this study has some 
specific limitations recognized by the own authors; perhaps, 
this scale nowadays cannot be so precise because some new 
recent minimal invasive techniques used in spine surgery 
today that can be an effective treat to many spinal patholo-
gies without no such bleeding were used before. Studied 
relationship between preoperative levels of fibrinogen, 

bleeding and transfusion requirements in 82 consecutive 
adolescent idiopathic scoliosis patients. They analysed spe-
cific factors, all patients were submitted again a specific 
anaesthetic protocol and all cases received tranexamic acid 
intravenously at the initiation of all procedures. Intraoperative 
and post-operative blood volumes were recorded. In their 
study, when the predictive values of a fibrinogen concentra-
tion in the lower quartile (<2.8 g/L) on extensive bleeding 
and transfusions were calculated, high negative predictive 
values were obtained (94% and 88%, respectively), while the 
positive predictive values were low (47% and 30%, respec-
tively). This means that for an individual patient with a 
fibrinogen value above 2.8 g/L, it is unlikely that the patient 
will bleed extensively during or after the procedure. Lower 
fibrinogen concentrations on the other hand do not necessar-
ily result in a high bleeding volume or transfusion rate but 
provide information that these patients have an increased 
risk for these events. One may speculate if patients with high 
risk for bleeding complications and preoperative fibrinogen 
levels in the lower normal range may benefit from prophy-
lactic fibrinogen administration. Fibrinogen concentrations 
obtained from human plasma are commercially available and 
currently used to treat inherited and acquired fibrinogen defi-
ciency [96]. In a recent pilot study in cardiac surgery, patients 
who received prophylactic treatment with 2 g fibrinogen had 
a reduction in post-operative bleeding with 32% [3]. As seen 
in other studies, the authors also suggest that other studies 
will be needed to answer the significance of their results. As 
we can see, there are a growing number of tools and different 
strategies that can be used to avoid or lower the amount of 
allogeneic blood transfusion. These strategies must be orga-
nized and fashioned in specific situations to accomplish this 
objective. In a near future, other drugs and solutions will be 
part of our everyday routine.
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