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Blood Transfusion in Neurosurgery

Kavitha Jayaram and Shibani Padhy

27.1	 �Introduction: Blood 
and Brain

Anemia, the most common complication arising 
during neurosurgical practice, plays a major role in 
influencing outcome. The brain is especially vulner-
able to decreased perfusion and hypoxia, and brain 
oxygenation is highly reliant on cerebral blood flow. 
In recent years, transfusion practice across the 
world has generally witnessed a shift toward adopt-
ing a more restrictive strategy for red blood cell 
administration. The serious risks of transfusion 
might dwarf the putative benefits of increased oxy-
gen-carrying capacity. The neurosurgical patients, 
who belong to a different spectrum, are further 
complicated by lack of evidence-based guidelines. 
This has resulted in highly variable transfusion 
thresholds across different institutions worldwide. 
The ideal strategy between restrictive and liberal 
transfusion therefore remains in clinical equipoise.

27.2	 �Physiopathology of Anemia 
in Neurosurgical Population

The adult human brain represents about 2% of 
total body weight and receives 12–15% of the 
cardiac output to maintain its high metabolic rate. 

Cerebral O2 delivery (DO2) is dependent on cere-
bral blood flow (CBF) and the total O2 content of 
the blood (CaO2).

	 DO CaO CBF2 2= ´ 	 (27.1)

CaO Hb SaO PaO2 2 21 39 0 003= ´ ´ + ´. . 	 (27.2)

where DO2 is oxygen delivery to the brain, [Hb] 
is the concentration of hemoglobin, SaO2 is the 
oxygen saturation of hemoglobin, PaO2 is the 
oxygen partial pressure, and CBF is the cerebral 
blood flow.

Any condition affecting either of the factors is 
subsequently managed to some extent by the 
changes in the other factor to maintain the cere-
bral physiology. Cerebral perfusion pressure 
(CPP) is the difference between mean arterial 
pressure and cerebral venous pressure or intra-
cranial pressure whichever is higher. CBF is nor-
mally autoregulated over a cerebral perfusion 
pressure range of 60–160  mm of Hg, outside 
which it is linearly dependent on mean arterial 
pressure. Autoregulation is often impaired in 
neurocritical care patients so that CBF becomes 
directly dependent on CPP, thus making the brain 
more vulnerable to extremes of blood flow. CBF 
is dependent on other factors like cerebral meta-
bolic rate of oxygen consumption (CMRO2) and 
variations in partial pressure of carbon dioxide 
(CO2 reactivity).

Oxygen delivery during anemia (reduced CaO2) 
is compensated by an increase in cardiac output, 
preferential distribution to cerebral circulation, 
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cerebral vasodilatation, and increased brain tissue 
oxygen extraction. Upregulation of nitric oxide 
production by perivascular neurons is the mecha-
nism underlying anemia-induced increase in cere-
bral vasodilatation. Multiple biochemical mediators 
like vascular endothelial growth factor, hypoxia 
inducible factor 1α, and erythropoietin also play  
a role in the cerebrovascular response to anemia. 
These compensatory mechanisms are however lim-
ited up to a critical cerebral DO2 value beyond 
which brain ischemia ensues. Many neurocritical 
care patients like those with aneurysmal SAH have 
concomitant cardiac disease or neurologically 
mediated cardiac dysfunction which prevents an 
appropriate increase in cardiac output in response 
to anemia. Thus, maintaining adequate Hb levels, 
which primarily determine DO2, is imperative  
to avoid hypoxic insult to the injured brain 
(Fig. 27.1) [1].

In the healthy brain, anemia-induced cerebral 
hypoxia has been shown to occur at a Hb con-
centration of 6–7 g/dL [2]. However, in the set-
ting of acute brain injury, such an insult may 

manifest at higher Hb threshold. Coexistence of 
physiological stressors like cardiac dysfunction, 
hypotension, and anemia imposed on a central 
nervous system pathology with deranged regula-
tion of CBF raises concerns regarding restrictive 
transfusion threshold of 7 gm/dl in neurocritical 
care.

27.2.1	 �Transfusion in Neurosurgery

Neurosurgical procedures are associated with 
higher incidence of bleeding requiring multiple 
transfusions. The optimal Hb concentration for 
transfusion in neurosurgical population is highly 
variable and still under a significant debate. 
When surveyed, neurosurgeons recommend 
higher threshold of Hb for transfusion as com-
pared with the trauma surgeons and intensivists 
[3]. The decision to transfuse must be a balance 
between its presumed benefits on cerebral oxy-
genation and the potential complications 
(Fig. 27.2).
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Fig. 27.1  Pathophysiology of secondary brain injury
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27.2.2	 �Incidence and Predictors 
of Transfusion

The overall rate of allogenic transfusion in neuro-
surgical population is 1.7–5.4% (Table 27.1) [4, 
5]. The range is much wider in specific surgeries 
like craniosynostosis (45%) and cranial vault 
reconstruction (95%) in pediatric population fol-
lowed by traumatic brain injury (TBI) (36%) and 

aneurysmal subarachnoid hemorrhage (SAH) 
(25%). The predictors for allogenic red blood cell 
transfusion in specific neurosurgeries are repre-
sented in Table 27.1.

27.2.3	 �Complications

The benefits of red blood cell transfusion to 
improve oxygenation are achieved only when 
transfused blood efficiently stores and offloads 
oxygen, which should be properly utilized by the 
compromised tissue. Numerous studies have 
shown that these purposes are not achieved with 
transfusion of stored blood due to biochemical 
and mechanical changes in the RBCs (termed as 
“storage lesion”). Depletion of 
2,3-diphosphoglycerate levels shifts the oxygen 
hemoglobin dissociation curve to the left, reduc-
ing the amount of oxygen available for tissue 
consumption. Mechanical changes in the RBCs 
(transformed to sphero-echinocytes) result in loss 
of deformability and compromise the microcircu-
lation. There is an increase in RBC aggregability 
and endothelial cell adhesion resulting in micro-
vascular obstruction.

Blood transfusion has been associated with 
increased risk of thromboembolic events, pro-
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Fig. 27.2  Risks and benefits of perioperative anemia and transfusion

Table 27.1  Predictors for allogenic red blood cell trans-
fusion in neurosurgeries

Surgeries Predictors References
Pediatric 
craniosynostosis

Craniofacial 
syndromes
Pansynostosis
Duration of 
surgery >5 h
Age ≤ 18 months

White et al. 
[6]

TBI Acute traumatic 
coagulopathy
Associated major 
injuries

Epstein et al. 
and Boutin 
et al. [7, 8]

SAH Intraoperative 
aneurysm rupture, 
poor grade SAH

Mc Ewen 
et al. [9], 
Luostarinen 
et al. [10]

Spine Duration of 
surgery, multiple 
levels of fusion, 
Cobb’s angle

Oetgen et al. 
[11]
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gressive hemorrhagic injury as evidenced by 
clinical trials in TBI and SAH [12, 13]. A high 
Hb concentration results in increase in blood 
viscosity and reduced cerebral blood flow further 
exacerbating the neurological damage.

Malone et al. had identified blood transfusion 
as an independent risk factor for mortality and 
ICU stay in his study of 15,534 patients over a 
3-year period at a level 1 trauma center [14]. There 
is enough evidence to establish that transfusion of 
red cells itself is associated with an increased risk 
of morbidity and mortality [15, 16]. The mecha-
nism is multifactorial, including transfusion-
related immunomodulation (TRIM), infectious 
and allergic complications, transfusion-related 
lung injury (TRALI), and circulatory overload 
(TACO). These are often translated into conse-
quences like ARDS, respiratory failure, prolonged 
intubation, sepsis, adverse cardiac events, and 
increased length of ICU and hospital stay [17, 18].

The immunological reactions are primarily 
mediated by donor leucocytes which do undergo 

structural changes following storage. Intuitively, 
the use of fresh and leuco-depleted blood might 
minimize the transfusion risks while maximizing 
the physiological benefits. However, specific 
effects of stored blood in neurocritical care 
patients need trial-based evaluations.

27.2.4	 �Blood Conservation Strategies 
in Neurosurgery

The conflicting evidences toward allogenic blood 
transfusion in neurosurgical procedures empha-
size the application of blood conservation strate-
gies (Fig. 27.3). Preoperative measures include 
identification and correction of coagulopathy and 
antithrombotic reversal especially in the setting 
of intracranial hemorrhages (has been described 
below in ICH) and erythropoiesis-stimulating 
agents. The role of erythropoietin (EPO) as 
transfusion-sparing agent has been established in 
critically ill patients by two large randomized 
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controlled trials. The potential benefits of eryth-
ropoietin beyond anemia include cerebral protec-
tion after ischemic injury (stroke, TBI, 
vasospasm) via effects on preconditioning, 
reducing inflammatory responses, and restoring 
vascular autoregulation [19]. However, caution 
should be exercised in patients at risk of DVT 
and pulmonary embolism before administration 
of erythropoiesis-stimulating agents. Preoperative 
autologous donation (PAD) has been shown to 
reduce allogenic transfusion in many elective 
surgeries, but evidence for its beneficial role in 
neurosurgery is limited. As per the retrospective 
cohort by McGirr et al., PAD does not reduce the 
risk of allogenic blood transfusion in neurosur-
gery and hence cannot be recommended as a 
blood conservation strategy.

Intraoperative blood conservation strategies 
include avoidance of NSAIDS and starch solu-
tions, administration of antifibrinolytic agents, 
acute normovolemic hemodilution (ANH), and 
cell salvage. NSAIDS and synthetic starch solu-
tions are known to inhibit platelet function and are 
associated with an increased risk of hematoma 
formation following intracranial procedures [20].

Antifibrinolytics are a common group of drugs 
which are used for blood conservation in both 
intraoperative and postoperative periods. 
Antifibrinolytic therapy prevents lysis of existing 
clots along the traumatized edges of the bone 
resulting in reduced microvascular bleeding. 
There are two categories of antifibrinolytics in 
use for blood conservation. These include the 
lysine analogs—tranexamic acid and epsilon-
amino caproic acid (EACA)—and the serine pro-
tease inhibitor, aprotinin.

The benefits of tranexamic acid, a synthetic 
lysine analog which acts as a competitive inhibi-
tor of plasmin and plasminogen, have been 
proven in diverse surgical procedures. In the 
neurosurgical population, it significantly 
decreases blood loss in pediatric craniosynostosis 
[21] surgery, spine [22] and skull base surgery 
[23], and intracranial brain tumors [24]. For 
elective intracranial meningioma surgery, use of 
tranexamic acid has reduced blood loss by 27% 
[24]. The data from CRASH-2 trial [25] (Clinical 
Randomization of an Antifibrinolytic in 

Significant Hemorrhage) in trauma patients has 
shown a reduction in ICH size and mortality in 
patients who received tranexamic acid. In SAH it 
is associated with a reduction in re-bleeding 
albeit with an increased risk of cerebral ischemia 
[26]. The complications of tranexamic acid 
include increased risk of thromboembolism and 
seizures. The structural homology of tranexamic 
acid with GABA could be the reason for its com-
petitive inhibition of the inhibitory receptors 
resulting in seizures.

The efficacy of epsilon-aminocaproic acid in 
reducing perioperative blood transfusion has 
been established in major spinal surgeries in both 
adult and pediatric age groups. EACA has been 
found to increase the levels of fibrinogen in the 
postoperative period predominantly [27]. A load-
ing dose of EACA of 50 mg/kg followed by an 
infusion of 25 mg/kg/h is found to be associated 
with decreased blood loss and transfusion 
requirements during cranial vault reconstruction 
surgeries [27, 28].

Aprotinin, apart from inhibiting clot break-
down, also possesses anti-inflammatory proper-
ties. Other measures which have been tried for 
this purpose with little success include recombi-
nant factor VII and aprotinin.

The evidence on the safety and efficacy of 
ANH as a blood conservation strategy in neuro-
surgery is limited. Although ANH has reduced 
the risk of allogenic transfusion in a small group 
of patients undergoing meningioma resection 
[29], it has failed to be of benefit in ruptured cere-
bral aneurysm [30]. Currently ANH can be rec-
ommended for elective neurosurgery with 
expected massive blood loss, in patients who are 
otherwise healthy. The technique may be consid-
ered if baseline hemoglobin concentration allows 
adequate hemodilution without hampering tissue 
oxygenation. Patients with poor cardiac and 
respiratory function are considered unsafe for 
this method of blood conservation.

The only study which evaluated the benefit of 
cell salvage in intracranial surgeries demon-
strated that it was safe and decreased the amount 
of allogenic transfusion [31]. Cell salvage tech-
niques are predominantly used in spine surgeries, 
particularly spine instrumentation and fusion, to 
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reduce the need for intraoperative transfusion 
[32]. But from the health economic viewpoint, 
cell saver is a costly alternative. Also, reservation 
exists due to their concerns over tumor dissemi-
nation and infection. With the development of 
newer cell salvage techniques and leucocyte 
depletion filters, its use has been extended to met-
astatic spine tumors [33]. Cell salvage technique 
can be considered as a reasonable choice in sur-
geries involving massive blood loss such as spi-
nal deformity corrections and cerebral aneurysm 
rupture. Firm recommendations for its use in 
neuro-oncological surgeries cannot be formed at 
present due to paucity of data.

Nonpharmacologic approaches [27] include 
several different surgical techniques, patient 
positioning, ventilatory strategies, maintenance 
of normothermia, and controlled hypotension in 
major spine surgeries. Surgical techniques for 
improved hemostasis include spray on collagen- 
thrombin, fibrin sealant, kaolin-soaked sponges, 
and local vasoconstrictors [34]. The various con-
siderations during patient positioning to decrease 
intraoperative bleeding include avoidance of 
extreme rotation of the neck (leading to jugular 
venous engorgement) and elevation of the opera-
tive site above the right atrium (to facilitate 
venous drainage). In prone position excess 
intraabdominal pressure can increase epidural 
venous pressure, thereby exacerbating blood 
loss. Use of prone positioning devices such as 
Relton-Hall frame reduces the inferior vena cava 
pressure to one-third as compared to conven-
tional paddings [35]. Ventilatory strategies to 
reduce blood loss include maintenance of low 
intrathoracic pressures during controlled ventila-
tion with minimal use of positive end-expiratory 
pressure and low tidal volumes [36]. Controlled 
hypotension for reducing blood loss in elective 
spine surgery can be achieved with intravenous 
anesthetics, inhaled agents, and direct 
vasodilators.

27.3	 �Monitoring Blood Loss

Continuous monitoring of vital signs and esti-
mated blood loss are commonly used to guide 
transfusion decisions in the intraoperative period.

27.3.1	 �Systemic Monitoring

Systemic indicators to guide transfusion include 
inadequate oxygen delivery, indicated by mixed 
(SvO2) or central venous oxygen saturation (ScvO2) 
and lactate. Venous oxygen saturation is a clinical 
measure of the relationship between whole body 
oxygen uptake and delivery (VO2–DO2). Central 
venous oxygen saturation (ScvO2) is often used as 
a surrogate to mixed venous oxygen saturation 
(SvO2) in the absence of a pulmonary artery cath-
eter. The normal SvO2 value is in the range of 
65–75% with ScVO2 being considered to be 5% 
above these values. When DO2 decreases, VO2 is 
initially maintained by an increase in oxygen 
extraction up to a critical DO2 value (DO2 crit) 
beyond which there is a state of VO2–DO2 depen-
dency. Such a state is usually found when SvO2 
falls below a critical value of 40% (SvO2 crit).

Low SvO2 or ScvO2 is predictive of bad outcome 
in neurosurgical practices [37]. Surve et al. in their 
study on acutely ill neurological patients have 
established that baseline ScvO2 value of <70% was 
a useful physiological trigger for blood transfusion 
in brain-injured patients [37]. However, the trend 
rather than absolute values of ScvO2 correlates with 
SvO2 during varying hemodynamic conditions [38].

Lactate is another important systemic bio-
marker which suggests inadequate oxygen deliv-
ery. Blood transfusion is shown to improve ScvO2 
and decrease lactate levels in critically ill patients 
[39]. However, no specific data are available 
evaluating the effects of transfusion on lactate 
levels in neurosurgical patients.

Intraoperative coagulation abnormalities are 
detected by viscoelastic tests such as rotational 
thromboelastometry (ROTEM) and thromboelas-
tography (TEG). Both of them have been used to 
guide management of perioperative coagulopa-
thy in adults and children [40]. Early detection of 
coagulation disorders reduces the exposure to 
fresh frozen plasma (FFP) and other allogenic 
blood products in the pediatric population.

More accurate method to guide RBC transfu-
sion includes continuous and noninvasive Hb 
monitoring (SpHb) [41]. It provides real-time 
trends in Hb values and has been shown to reduce 
blood transfusion frequency. SpHb monitoring 
incorporates pulse cardiac output-oximetry tech-
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nology and multiwavelength sensors thus provid-
ing continuous measurements in Hb and 
traditional pulse oximetry [41]. SpHb monitor 
provides earlier detection of attainment of thresh-
old Hb, as assessed by real-time microcirculatory 
value, thereby reducing unwarranted transfusion.

27.3.2	 �Regional Cerebral Monitoring

Monitoring modalities such as near-infrared 
spectroscopy (NIRS), brain tissue oxygen ten-
sion (PbtO2), and jugular bulb catheter sampling 
can be used to monitor the cerebral oxygenation 
and determine transfusion needs.

Near-infrared spectroscopy is an optical imaging 
technique used to monitor the variation of hemoglo-
bin saturation in the tissues. It is used for continuous 
monitoring of regional cerebral oxygen saturation 
(rSO2) during various surgical procedures. A desat-
uration of >20% from the baseline or an absolute 
saturation value of <50% is associated with an 
increased risk of neurological damage. The useful-
ness of this device has been demonstrated in patients 
undergoing elective heart [42] and major abdominal 
surgeries [43] who have an otherwise healthy brain. 
Use of NIRS in neurosurgery is limited due to 

practical difficulties of maintaining probe position 
for longer time period, contamination from extra-
cranial blood and the validity is questionable [44].

Jugular venous oximetry is achieved by pass-
ing a cannula into the jugular bulb allowing con-
tinuous measures of oxygen saturation in the 
jugular bulb (SjvO2). It is used as an indirect esti-
mate of cerebral oxygen consumption as oxygen 
levels in the cerebral venous effluent correlates 
inversely with global brain oxygen consumption. 
This provides relevant information on adequacy 
of CBF in patients with TBI or SAH [45]. The 
major disadvantages of SjvO2 are question regard-
ing side of jugular venous cannulation and poor 
representation of regional brain hypoxia [45].

Brain tissue oxygen monitoring involves mea-
surement of partial pressure of oxygen at tissue level 
directly by insertion of catheter probes in the region 
of interest. In TBI patients, Hb level of less than 
9 gm/dl and PbtO2 value of <20 mm of Hg were 
associated with poor outcome. Hence such patients 
should be considered as candidates for transfusion 
[46]. Limitations to the use of PbtO2 include relative 
unavailability in many centers and the information 
being limited to particular area of brain. Thus, PbtO2 
in combination with SjvO2 better identifies all epi-
sodes of cerebral ischemia (Fig. 27.4).
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Fig. 27.4  Suggested management based on monitoring. SvO2, mixed venous oxygen saturation; ScvO2, central venous 
oxygen saturation; PbtO2, brain tissue oxygen tension; rSO2, regional cerebral oxygen saturation
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27.4	 �Specific Situations

27.4.1	 �Traumatic Brain Injury

TBI is a common cause for emergency surgeries 
and mortality in most of the trauma centers in 
people less than 45 years. Traumatic brain injury 
is associated with almost 40–50% incidence of 
anemia, with patient presentation ranging from 
closed head injury to multiple injuries. The man-
agement of TBI patients focuses on avoiding sec-
ondary neurologic insult from reduced oxygen 
delivery as a result of hypoperfusion, hypoxemia, 
and anemia. The adaptive mechanisms to ensure 
an adequate cerebral oxygen delivery during ane-
mia like cerebral vasodilation, decreased viscos-
ity, increased cardiac output, and oxygen 
extraction are altered and may result in cerebral 
hypoxia at higher hemoglobin thresholds than in 
other populations [47]. But recent literature has 
failed to show any benefit from liberal transfu-
sion therapy in this group of population [48].

To add upon to this complication, a scenario 
of coagulation disorder may coexist in TBI 
patients. Acute traumatic coagulopathy (ATC) is 
an acquired coagulation disorder that has been 
described in the context of isolated TBI and 
increases the possibility that a patient will require 
an RBC transfusion. In a recent meta-analysis, 
Epstein et  al. [8] reported that ATC was uni-
formly associated with worse outcomes and high 
mortality that ranged from 17 to 86%. ATC was 
also associated with transfusion rates of 41%, as 
well as longer ICU stays, decreased ventilator-
free days, and multiple organ failure.

Brain parenchyma is a rich source of tissue 
factor, which activates coagulation when released 
in TBI [9]. It has been postulated that hypoperfu-
sion also has a role to play in coagulopathy of 
TBI. Brain injury has some detrimental effects on 
platelet function for unknown reasons. Usually 
patients may have associated injuries which pre-
disposes to massive transfusion of various blood 
products. All these factors together contribute to 
the complex clinical state of coagulopathy and 
anemia in TBI.

It appears logical that maintaining higher 
hemoglobin levels might enhance cerebral oxy-

gen delivery thereby improving outcomes in 
patients with TBI.  But in reality, its complex 
decision to have a threshold hemoglobin for 
transfusion, as literature is lacking. Both in mild 
and severe TBI, transfusion is associated with 
poor functional outcomes. Transfusions do more 
harm than good in patients on both ends of the 
head injury severity spectrum. Carlson et al. [49] 
followed by Salim et  al. [50] have proved that 
increasing transfusions have a negative impact on 
the Glasgow coma scale (GCS) and Glasgow out-
come scale (GOS). Recent study by Warner et al. 
[48] concluded that in moderately anemic 
patients with TBI, RBC transfusions are associ-
ated with poor long-term functional outcomes. It 
is therefore essential to reassess transfusion rec-
ommendations in this population which have to 
be framed on the basis of randomized controlled 
trials.

Studies have shown significant variability in 
the response of brain tissue O2 tension to transfu-
sions, with some patients showing improved oxy-
genation and others having minimal or even 
decreased change in brain tissue O2 tension [51]. 
It is unclear whether increasing brain tissue O2 
tension by transfusion has translated into 
improved clinical outcomes [52]. The relation-
ship between hemoglobin and brain tissue oxy-
genation (before and after transfusion) is not 
well-defined and needs further studies. Brain tis-
sue O2 monitoring is also limited to only a few 
specialized trauma centers.

Preclinical and clinical data suggested eryth-
ropoietin, a glycoprotein hormone, as a promis-
ing candidate in place of transfusions in 
TBI. Erythropoietin has pleiotropic cytokine-like 
effects which ameliorated secondary brain injury 
after TBI [53]. But EPO TBI trial (erythropoietin 
in traumatic brain injury) has stated that erythro-
poietin did not reduce the incidence of severe 
neurological dysfunction at 6 months after mod-
erate to severe TBI.

Current recommendations to maintain hema-
tocrit levels >30% in otherwise hematologically 
stable patients should be reconsidered. Specific 
interventions aimed at reducing the demands and 
increasing the oxygen supply should be maxi-
mized before transfusion. Transfusion strategies 
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should be directed toward patients with symp-
tomatic anemia or obvious signs of physiological 
compromise, such as decreased brain tissue O2 
tension, and transfusion volume should be mini-
mized whenever possible. Other useful indicators 
like low venous hemoglobin, high lactate levels 
for inadequate systemic oxygen delivery and low 
regional hemoglobin saturation, and brain tissue 
oxygen tension for cerebral hypoxia can be help-
ful to guide transfusion [1].

27.4.2	 �Subarachnoid Hemorrhage

Anemia in SAH patients is caused by various fac-
tors like hemodilution induced as a part of the 
therapy for vasospasm, occult hemorrhage, surgi-
cal blood loss, aneurysm rupture and re-bleeding 
[54]. A growing body of evidence suggests ane-
mia to be independently associated with poor neu-
rological outcome and increased mortality [52] 
regardless of the SAH severity. Unlike other criti-
cally ill patients, those with SAH are of special 
concern, due to their well-defined risk of vaso-
spasm and cerebral ischemia [55]. This makes 
them less tolerant to anemia and increases their 
likelihood to benefit from blood transfusion.

Risk factors for anemia after SAH include 
female sex, advanced age, worse clinical grade, 
lower admission Hb, and surgery. Intraoperatively, 
large blood loss may occur during clip reapplica-
tion or with aneurysm rupture. Even a short 
period of uncontrolled bleeding as during intra-
operative rupture may be associated with exces-
sive bleeding. Patients with anterior 
communicating artery aneurysms are most likely 
to receive transfusion, while those with internal 
carotid artery aneurysms are least prone. Other 
surgical factors contributing to excess blood loss 
include large aneurysms (>10  mm), multiple 
aneurysm obliteration, and intracerebral hema-
toma evacuation [55].

An important preventable factor associated 
with poor neurological outcome after SAH is 
delayed cerebral ischemia (DCI) [56]. DCI 
occurs in about 30% of patients and is often asso-
ciated with arterial vasospasm which impairs 
CBF and cerebral DO2. Anemia may exacerbate 

DCI by further reducing cerebral oxygen deliv-
ery. As the risk of vasospasm continues predict-
ably for several weeks after aneurysmal rupture 
(greatest risk period between days 6 and 11), ane-
mia may be most detrimental during this period. 
The optimal Hb threshold for transfusion in SAH 
patients remains unclear although Hb > 10 g/dL 
is associated improved outcome [57]. Prevention 
of vasospasm has seldom shown to improve clini-
cal outcome, despite reduced vessel narrowing. 
This lack of association between clinical out-
come and vasospasm has renewed interest in 
intensive care strategies to prevent DCI.

A liberal use of transfusion at Hb > 10 gm/dl 
may offset the benefits of increased oxygen-
carrying capacity by increase in blood viscosity 
and reduced CBF.  It has also been linked with 
medical complications, infection, vasospasm, 
poor cognitive performance, and poor outcome 
[52, 56]. The deleterious effects of transfusion 
(storage lesion) like altered nitric oxide metabo-
lism, red blood cell adhesiveness, and aggrega-
bility appear integral to vasospasm [58]. 
Consequently, a restrictive transfusion policy 
(Hb −7  g/dl) has been suggested at least in 
patients with normal cardiac and cerebrovascular 
reserves. However many SAH patients, unlike 
traumatic injury patients, often have associated 
cardiac dysfunction [59], thus posing a relative 
contraindication to restrictive transfusion.

Lacking concrete guidelines, presently trans-
fusion decisions for SAH patients should focus 
on an individualized assessment of anemia toler-
ance, risk of DCI, presence of cardiac dysfunc-
tion, feasibility of blood conservation strategies, 
and awareness of the potential risks and benefits 
of blood transfusion. The results of the ongoing 
Aneurysmal Subarachnoid Hemorrhage: Red 
Blood Cell Transfusion and Outcome (SAHaRA 
Pilot) [60], which aims to compare RBC transfu-
sion triggers from 10 g/dL down to 8 g/dL, will 
probably give us firmer guidelines in this context. 
Awaiting its results, the Neurocritical Care 
Society guidelines [61] suggest a transfusion 
threshold of 8 g/L in SAH patients without DCI, 
with a more aggressive transfusion trigger of 
9–10 g/L as a tier one rescue therapy in cases of 
DCI unresponsive to first-line therapy.
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27.4.3	 �Intracranial Tumors

Surgery for intracranial tumors is associated with 
higher incidence of bleeding and transfusion as 
compared to other neurosurgical conditions. This 
excessive blood loss has led to several adverse 
clinical outcomes including increased duration of 
ventilator and ICU stay. Morbidity and mortality 
are directly related to intraoperative blood loss 
especially in those who lose >500 ml [62]. Blood 
transfusion is usually not required in astrocyto-
mas, low-grade gliomas, and transsphenoidal pitu-
itary tumor excisions. Cerebellopontine tumors 
and meningiomas in particular are notorious for 
bleeding due to high vascularity from carotid and 
vertebral arteries and from the site of dural attach-
ment. Recent retrospective study stated that skull 
base meningiomas of size greater than 4.64  cm 
and operative time greater than 10 h are indepen-
dent factors related to excess risk of blood loss and 
transfusion [63]. Endovascular embolization of the 
tumor, particularly when complete, reduces bleed-
ing, thereby decreasing the transfusion demand.

Tissue plasminogen activator (t-PA) is present 
in larger quantities in glioblastoma compared to 
other tumors. The t-PA-induced hyperfibrinolysis 
adds upon to stress-induced consumption and 
dilutional coagulopathy associated with pro-
tracted intracranial surgeries. This may aggravate 
blood loss during intracranial tumor surgeries 
necessitating transfusion.

Blood transfusion, however, may be an inde-
pendent risk factor for cancer progression owing 
to its immunomodulatory effects. Aged RBCs in 
stored blood and allogenic leucocytes have been 
implicated as the possible culprits for cancer pro-
gression, favoring the use of fresh leuco-depleted 
blood whenever feasible [64]. A restrictive 
threshold of Hb as compared to liberal strategy 
does not appear to prolong the length of hospital 
stay or the risk of morbidity and mortality in 
intracranial tumor surgery [65].

27.4.4	 �Spine Surgeries

The incidence of blood transfusion in spine sur-
gery is about 20–35% and is aimed at improving 

tissue oxygenation. Reconstructive trauma, 
tumor, and multilevel spine surgeries are compli-
cated by significant intraoperative blood loss. 
The surgical reasons for blood loss are exposure 
of the spine, stripping of the muscle off the bone, 
and leaving exposed surfaces of the muscle and 
bone. In elderly patients, the periosteum is thin-
ner, and the osteoporotic bones have wider vascu-
lar channels [66]. There is an increased bleeding 
from the exposed bone in osteotomies and from 
the epidural plexus in laminectomies. Adult 
deformity correction surgeries are likely to 
involve multiple segments as their compensatory 
curves become structural and may require inclu-
sion in the surgery. They also have a higher rate 
of revision surgery which are associated with 
greater blood loss [67]. Tumors of the vertebral 
column tend to be highly vascular in nature and 
carry a risk of allogenic blood transfusion.

Intraoperative blood loss and transfusion are 
among the factors influencing the outcome of 
patients in major spine surgeries. The number of 
units transfused perioperatively is associated with 
age, comorbidities, number of levels instrumented, 
magnitude of arthrodesis, preoperative Hb, dura-
tion of surgery, and complexity of the operation 
[11]. Congenital and neuromuscular scolioses are 
more likely to have clinical comorbidities than in 
idiopathic scoliosis reflecting a lower functional 
reserve and hence a greater need for transfusion 
[68]. Patient positioning plays an important role in 
reducing blood loss during spinal surgeries. The 
benefit of controlled hypotension in spine surgery 
is due to decreased blood extravasation and local 
wound blood flow with the lowering of arterial 
blood pressure. However epidural venous plexus 
pressure and intraosseous pressure which are 
important determinants of blood loss are indepen-
dent of arterial blood pressure. The worrisome 
complications of controlled hypotension in spine 
surgery are postoperative visual loss and decreased 
perfusion to end organs including the spinal cord.

Antifibrinolytics like tranexamic acid effec-
tively decrease transfusion requirements in this 
population [27]. There is an increased risk of 
venous thromboembolism after spinal surgery, 
but the role of antifibrinolytics as causative is 
questionable [69]. Autologous blood transfusion 
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and intraoperative cell salvage are the commonly 
used blood conservative method in elective spine 
surgery, which reduces the homologous blood 
exposure. Patients receiving blood transfusion in 
major spine surgeries have been found to have 
higher rates of surgical site infections and urinary 
tract infections [70].

Neuraxial opioids along with general anesthe-
sia decrease intraoperative blood loss and need 
for transfusion in spine surgeries [71]. Unlike 
local anesthetics, intrathecal morphine when 
given alone neither causes hypotension nor inter-
feres with neurological assessment, in addition to 
providing adequate pain relief. Though random-
ized controlled trials have proved this benefit, the 
mechanism still remains unknown.

27.4.5	 �Pediatric Neurosurgery

Though there have been multiple evolutions in 
anesthesia and surgical techniques in pediatric 
neurosurgery, yet there is no decrease in bleeding 
and allogenic blood transfusion. In intracranial 
surgeries the incidence of coagulation disorder is 
higher as compared to general pediatric surger-
ies. There has been reported evidence of hyperco-
agulable state in pediatric neurosurgery [72]. 
This phenomenon coupled with surgical blood 
loss and dilutional and consumptional coagulop-
athy may further amplify blood loss in this sub-
population. Children undergoing major 
craniofacial reconstructions, spine reconstruc-
tions, resection of vascular malformations, and 
tumors area at great risk for massive blood loss. 
Despite diligent efforts, assessment of blood loss 
in pediatric neurosurgery is difficult. There is an 
increased incidence of morbidity and mortality 
following transfusion in pediatric patients.

In children undergoing oncologic neurosur-
geries, duration of surgery poses high risk of 
transfusion [72]. This is specifically attributed to 
the presence of large, highly vascular, inaccessi-
ble deep-seated lesions which are close to func-
tional areas of the brain. Hemostasis disturbances 
are due to hyperfibrinolysis and loss of coagula-
tion factors along with blood loss in cranioto-
mies [72].

Craniofacial reconstructions need a special 
mention as they have a potential for excess blood 
loss ranging from 20 to 500% of patient’s circu-
lating blood volume even in the best centers [73, 
74]. In these cases, the issue continues in the 
postoperative period as well in the form of blood 
loss in the drains. The patient factors which influ-
ence transfusion in pediatric spine surgeries 
include neuromuscular etiology, Cobb’s angle of 
>50°, and a greater number of levels fused [11]. 
The presence of any one of these risk factors dou-
bles the risk of transfusion as per Vitale et  al. 
[75]. Protocol-based transfusion algorithms and 
blood-sparing surgical techniques have proved to 
reduce the transfusion of blood and products to 
some extent [73]. Acute normovolemic hemodi-
lution, erythropoietin injection, acceptance of 
lower Hb levels, cell salvage techniques, use of 
antifibrinolytics like tranexamic acid, controlled 
hypotension, and factor administration (activated 
factor VII A, prothrombin complex concentrate) 
have been attempted with success in many stud-
ies [11].

Studies have demonstrated that lower hemo-
globin levels are well tolerated by pediatric 
patients without adverse effects [76]. Blood 
conservation modalities can be safely used in 
pediatric neurosurgery with combined tech-
nique being more effective than any single 
modality.

27.4.6	 �Intracranial Hemorrhage (ICH)

Intracranial hemorrhage is a life-threatening con-
dition, resulting from spontaneous bleed, vascu-
lar malformations, trauma, or anticoagulant 
therapy. An expanding intracerebral hematoma 
may have a rim of hypoperfusion due to mechani-
cal compression and vasoconstriction of the sur-
rounding vasculature producing the so-called 
perihematomal penumbra. However, oxygen 
extraction fraction is not increased in this region 
suggesting the hypoperfusion to be due to 
reduced cerebral metabolism. Thus, it remains 
uncertain whether transfusions help salvage the 
penumbral region and contribute to improve neu-
rological recovery.
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In patients with ICH, anemia is associated 
with larger hematoma volumes and is an inde-
pendent predictor of unfavorable functional out-
come [77]. Due to conflicting evidence from 
various studies, it still remains unclear whether 
treatment of anemia can improve outcomes after 
ICH [78, 79].

ICH related to anticoagulant use accounts 
for >15% of all cases. Prevention of hematoma 
expansion by blood pressure management and 
reversal of coagulopathy is an important con-
sideration in the management of these patients. 
The newer oral anticoagulant drugs, which are 
being used in the setting of stroke, have no 
antagonists except for dabigatran. Hence it is 
very challenging for anesthesiologists to man-
age ICH which develop in the course of treat-
ment with these anticoagulants. Specific 
recommendations have been drawn down by 
the Neurocritical Care Society for the reversal 
of these agents and they are given in Table 27.2 
[80].

27.4.7	 �Neurocritical Care

The most important goal in the management of 
patients in the neurosurgical ICU is avoidance 
of secondary brain injury. Delayed cerebral 
injury in the ICU is the result of conglomera-
tion of several factors which impair cerebral 
DO2 and include anemia, hypovolemia, hypox-
emia, raised ICP, vasospasm, autoregulatory 
failure, and uncoupling of cerebral flow 
metabolism.

Anemia, common in patients admitted to ICU, 
and is further accelerated by frequent phlebot-
omy, reduced RBC survival, occasional hemor-
rhage, and dilution by large volume fluid 
resuscitation. Systemic inflammation interferes 
with the erythropoietin production and ability of 
erythroblast to incorporate iron. However, the 
manipulation of anemia to maintain cerebral DO2 
remains debatable. The significance of anemia 
and optimal transfusion thresholds may not be 
universally applied to all neurocritical care 
patients.

The Stroke: RelevAnt Impact of hemoglobin, 
Hematocrit and Transfusion (STRAIGHT) [81] 
trial conducted on critical care patients with 
severe ischemic stroke has concluded that both 
low hemoglobin and red blood transfusion are 

Table 27.2  Recommendations for reversal of antithrom-
botic agents

Antithrombotic agents Reversal
Vit K antagonists 
(warfarin)

INR >1.4: Vit K 10 mg 
IV + 3 or 4 PCC IV
If PCC unavailable FFP 
10–15 ml/kg

Direct factor Xa 
inhibitors (apixaban, 
edoxaban, rivaroxaban)

Activated charcoal 50 mg 
within 2 h of ingestion, 
activated PCC 50 U/kg IV, 
or 4 factor PCC 50 U/kg IV

Direct thrombin 
inhibitors (argatroban, 
bivalirudin, dabigatran)

Activated PCC 50 U/kg IV 
or 4 factor PCC 50 U/kg IV
For dabigatran reversal: 
activated charcoal 50 mg 
within 2 h of ingestion, 
idarucizumab 5 gm IV, 
hemodialysis

Unfractionated heparin Protamine 1 mg IV for 
every 100 units of heparin 
administered

Low molecular weight 
heparin (enoxaparin, 
dalteparin, tinzaparin, 
nadroparin)

If <3–5 half lives since 
LMWH: protamine 
1 mg/100 anti Xa units of 
LMWH
If contraindicated rFVIIa 
90 mcg/kg IV
Enoxaparin reversal: 
protamine if <12 h since 
LMWH (0.5–1 mg IV/1 mg 
enoxaparin)

Danaparoid rFVIIa 90 mcg/kg IV
Indirect factor Xa 
inhibitors 
(fondaparinux)

Activated PCC 20 U/kg or 
rFVIIa 90 mcg/kg IV

Thrombolytic agents 
(plasminogen 
activators)

Cryoprecipitate 10 units iv, 
if cryo contraindicated 
tranexamic acid 10–15 mg/
kg or EACA 4–5 gm IV

Antiplatelet agents 
(NSAIDs, GPIIb/IIIa 
inhibitors)

DDAVP 0.4 mcg/kg IV
If neurosurgical 
intervention: platelet 
transfusion

Adapted/translated by permission from Springer Nature: 
Neurocritical Care: Guideline for Reversal of 
Antithrombotics in Intracranial Hemorrhage: A Statement 
for Healthcare Professionals from the Neurocritical Care 
Society and Society of Critical Care Medicine
Frontera et al. [80]
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associated with prolonged ICU stay. In ischemic 
stroke patients, the effect of hematocrit on out-
come is therefore u-shaped [52] with both high 
and low Hb associated with poor outcome.

Presently there are no large randomized trials 
to guide transfusion practice in critically ill TBI 
and SAH patients. A recent survey conducted 
across 66 European trauma centers as part of the 
Collaborative European NeuroTrauma 
Effectiveness Research in TBI (CENTER-TBI 
study [82]) found that 41% of the centers main-
tained target Hb of 7–9 gm/dl and 59% >9 gm/dl. 
Overall there was a lack of consensus across the 
European ICUs on blood transfusion manage-
ment. In SAH patients, the consensus panel of the 
neurocritical care society strongly recommends 
blood transfusion to maintain a Hb concentration 
more than 8–10 gm/dl based on moderate-quality 
data.

27.5	 �Role of Hemoglobin-Based 
Oxygen Carriers (HBOC)

A lot of effort has gone into developing formula-
tions to substitute red blood cell transfusion. 
Most of these formulations are Hb-based oxygen 
carriers (HBOCs). Blood substitutes present a 
promising strategy for resuscitation in patients of 
TBI when complicated with hemorrhagic shock. 
Substantial benefits on intracranial pressure, 
brain tissue oxygenation, and neuropathology 
have been suggested with the use of polymerized 
hemoglobin in TBI patients [69]. HBOCs possess 
a theoretical advantage over other fluids in neuro-
critical care by hemodilution-induced enhanced 
cerebral blood flow while simultaneously main-
taining CaO2. This concept has been validated in 
several preclinical studies in the setting of experi-
mental ischemic stroke, TBI, and SAH. However, 
reports of myocardial infarction and mortality 
with the use of HBOC resulted in decrease in 
enthusiasm and its use. Hence it is important to 
develop recombinant hemoglobins which would 
maximize the benefits of oxygen affinity targeted 
to specific indications and minimize the inherent 
toxicities. This should be followed by preclinical 

studies in experimental models which closely 
mimic complex clinical scenario in the neuro-
logic ICU.

27.6	 �Current Consensus

Concerns regarding the safety and efficacy of 
blood products have led to a paradigm shift in 
transfusion practices. In the Transfusion 
Requirements in Critical Care (TRICC) trial [83], 
a Hb trigger of 7  gm/dl was generally agreed 
upon, and liberal transfusion therapy was found 
to be associated with poor outcome. However, in 
this trial, patients with primary neurological 
injury were excluded.

In TBI patients, there is a clear agreement that 
Hb  <  7  gm/dl requires transfusion. However, 
transfusion practices between thresholds of 7 and 
10  gm/dl vary widely between studies [7]. 
Interestingly the recently updated Brain Trauma 
Foundation guidelines do not mention any 
threshold for transfusion in severe TBI [84]. A 
recently conducted international survey found that 
most of the clinicians initiated blood transfusion at 
a Hb threshold of 7–8 gm/dl in their ICU for brain-
injured patients. Presence of associated noncere-
bral factors like coronary artery disease, active 
bleeding, and low mixed venous oxygen satura-
tion would shift the Hb threshold to higher limits. 
In geriatric population, liberal transfusion strate-
gies produce better outcomes with a decreased 
risk of 30-day and 90-day mortalities [85].

In SAH, patients should receive transfusion to 
maintain hemoglobin concentration above 
8–10  gm/dl. Higher hemoglobin concentrations 
might be appropriate for those who have or at 
high risk for DCI. Current aneurysmal SAH man-
agement guidelines recommend transfusion in 
anemic patients at risk for cerebral ischemia but 
do not suggest any particular transfusion thresh-
old. Restrictive transfusion therapy in this group 
of patients, who are at risk of vasospasm and 
DCI, is questionable. The results of ongoing 
Subarachnoid Hemorrhage: Red Blood Cell 
Transfusion and Outcome (SAHaRA) trial [60] 
in adult patients with aneurysmal SAH may 
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probably aid clinicians to arrive at a guideline for 
transfusion.

The common strategies employed in neurosur-
gical population to minimize the rate of allogenic 
blood transfusion include:

	1.	 Acceptance of a low transfusion trigger of Hb 
(<7 gm/dl)

	2.	 Initiation of EPO/iron therapy prior to surgery 
to improve preoperative Hb levels

	3.	 Utilization of intraoperative blood salvage 
techniques

	4.	 Blood and product transfusion based on stan-
dard laboratory tests for platelets, fibrinogen, 
TEG, ROTEM, etc.

	5.	 Recommendations for transfusion of products 
include:
	(a)	 Arterial blood gas, TEG, complete blood 

count, and fibrinogen samples must be 
sent with the onset of microvascular 
bleeding or loss of 1 estimated blood 
volume.

	(b)	 Initiate packed red cell transfusion (10–
15 ml/kg) with PCV <27% or Hb <9 gm/
dl in the presence of ongoing blood 
loss.

	(c)	 Initiate fresh frozen plasma (10–15  ml/
kg) at a reaction time (R) >10  min in 
TEG.

	(d)	 Platelet transfusion (5–10 ml/kg) is indi-
cated with platelet count of less than 1 
lakh/microL.

	(e)	 Cryoprecipitate infusion (10–15  ml/kg) 
should be started at fibrinogen <100 mg/dl.

	(f)	 With persistent bleeding after 30  min, 
TEG and fibrinogen levels should be 
resend and managed accordingly.

27.7	 �Future Directions

The TRansfusion Strategies in Acute Brain 
Injured Patients (TRAIN) trial (ClinicalTrials.
gov NCT02968654)—endorsed by European 
society of Intensive Care Medicine—compares 
liberal and restrictive transfusion strategy in TBI, 
SAH, and ICH patients. The HEMOglobin 
Transfusion Threshold in TBI OptimizatioN 

(HEMOTION) trial (NCT03260478) being con-
ducted in Canada is evaluating the effects of RBC 
transfusion thresholds on neurological outcome 
in TBI patients. These along with the SAHARA 
study [60] should provide reliable evidence to 
guide transfusion therapy in most of the neuro-
surgical patients.

An individualized approach, intended to tar-
get physiological end points like cerebral tissue 
hypoxia rather than a hemoglobin cutoff, 
guided by multimodal neuromonitoring, has to 
be validated through large randomized clinical 
trials. Development of future guidelines based 
on trials in this direction would help improve 
outcome in most of the neurocritically ill 
patients.

Key Points

•	 Anemia-induced cerebral hypoxia is 
manifested at higher threshold of hemo-
globin in a setting of acute brain injury 
than compared with normal brain.

•	 The risks of transfusion as weighed 
against the benefits have rewritten the 
transfusion threshold in neurosurgical 
population. The ideal strategy between 
restrictive and liberal transfusions there-
fore remains a clinical equipoise.

•	 Blood conservative strategies during the 
perioperative period along with 
advanced technologies in monitoring 
cerebral oxygenation have reduced 
unwarranted transfusion to a major 
extent.

•	 In TBI patients, there is a clear agree-
ment that Hb < 7 gm/dl requires transfu-
sion. However, transfusion practices 
between thresholds of 7–10 gm/dl vary 
widely between studies.

•	 In SAH, patients should receive transfu-
sion to maintain hemoglobin concentra-
tion above 8–10  gm/dl. Higher 
hemoglobin concentrations might be 
appropriate for those who have or at 
high risk for DCI.
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