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complex spinal deformity surgery in North America combined with mounting evidence for
the association of adverse outcomes with allogenic blood transfusion, there has been a
renewed emphasis on transfusion prevention and alternative blood management protocols.
Blood management begins with preoperative evaluation and treatment of preoperative ane-
mia. Antiplatelet and anticoagulants must be optimized prior to surgery; a plan for thrombo-
sis prevention and prophylaxis must be in place during the perioperative period.
Intraoperative adjuncts such as tranexamic acid should be used unless contraindications
exist. Addressing blood loss during the procedure and minimizing ongoing losses in the
immediate post-op period remains the domain of the surgical team and is essential in mini-
mizing allogenic blood transfusion.
Oper Tech Orthop 29:100716 © 2019 Elsevier Inc. All rights reserved.
Introduction

Blood loss remains a major consideration in spine sur-
gery.1 Due to the increasing evidence for the associa-

tion of adverse outcomes with allogenic blood transfusion,
there has been a shift toward transfusion prevention and
alternatives.2 The World Health Organization (WHO)
emphasized the importance of using transfusion alterna-
tives and implementing individualized patient blood man-
agement to reduce blood transfusion needs.3 The 3 pillars
of patient blood management are (1) detection and treat-
ment of preoperative anemia, (2) minimizing periopera-
tive blood loss, and (3) harnessing and optimizing the
patient-specific physiological tolerance of anemia.4-8 The
purpose of this review is to discuss these pillars focusing
on the perioperative blood management of patients under-
going spine surgery.
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Preoperative Evaluation
Patient Evaluation
Preoperative evaluation involves obtaining a complete history
to identify any risk factors predisposing a patient for requir-
ing blood transfusion or its alternatives. This is done through
review of the patient’s chart, taking a full history from the
patient or a family member, and reviewing laboratory
tests.9,10 A thorough review of medical records and obtaining
a detailed history can help identify the need for previous
transfusion, history of thrombotic events, history of drug
induced or congenital coagulopathies, and risk of organ
ischemia.9 Some studies have shown an association between
some congenital or acquired hematologic conditions with
blood transfusion complications.11-13 Identifying patients
with risk factors can help predict the requirement of transfu-
sions and guide the risk/benefit discussion with the patient
in the preoperative assessment.
Detection and Treatment of Preoperative
Anemia
The prevalence of preoperative anemia (hemoglobin equal to
or less than 12 g/dL in women and equal to or less than
13 g/dL in men) among patients undergoing orthopaedic
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procedures is estimated to be between 20% and 50%.14 Pre-
operative anemia is a strong predictor of perioperative blood
transfusion which carries a significant risk of adverse
events.15 Furthermore, the cause of anemia in up to 33% of
these patients is iron deficiency.16 Ideally, patients undergo-
ing major spine surgery should be tested for anemia months
before surgery in order to maximize the effectiveness of any
attempted treatment. Optimizing red blood cell (RBC) mass
preoperatively has been associated with improved outcomes
after 90 days in patients undergoing hip and knee surgery.17

Our institution is currently attempting similar efforts in all
major spine procedures.
The implementation of a patient blood management pro-

gram has been shown to reduce the rate of preoperative ane-
mia and blood transfusion.18 Assessment of patients as little
as 3-8 weeks preoperatively can provide enough time for
treatment to take effect.19,20 If iron deficiency anemia is diag-
nosed, initiating iron supplementation to correct iron levels
prior to surgery is recommended.19,20 Oral iron supplemen-
tation is well tolerated by a majority of patients with minimal
side effects.21 However, Lin et al conducted a systematic
review and concluded that patients with preoperative anemia
may have a quicker and more robust recovery in hemoglobin
with intravenous iron supplementation when compared with
oral iron supplementation.22

When other causes of anemia have been either excluded
or treated, but decreased hemoglobin levels remain, eryth-
ropoietin-stimulating agents are recommended. In hip and
knee surgery, the use of preoperative erythropoietin-stimu-
lating agents has been reported to significantly reduce autol-
ogous transfusion and increase hemoglobin levels compared
to control groups.23

In our institution, patients scheduled for elective spine
surgery are evaluated within 9 months of surgery for anemia
and other risks. Once a patient is diagnosed with anemia, fur-
ther investigations are ordered to identify the etiology. If iron
deficiency is identified as the underlying pathology, therapy
with oral iron 150 mg/d, folic acid 2 mg/d, vitamin C 500
mg/d, and vitamin B12 1000 mcg/d are initiated. Patients are
then referred to the patient blood management program for
follow-up blood work, to arrange for intravenous iron and
erythropoietin-stimulating agents as necessary, and for con-
sideration toward delaying surgery until anemia is corrected.
Erythropoietin-stimulating agents are avoided in patients
with a history of thrombotic events (deep vein thrombosis,
pulmonary embolism).
Managing Antiplatelet Agents and
Anticoagulants
Low platelets, low fibrinogen concentration, and factor XIII
deficiency are predictive of bleeding complications in major
spine surgery.10 The current literature is insufficient to evaluate
the benefit of stopping aspirin preoperatively.9 However, 2 ran-
domized controlled trials have shown equivocal results for peri-
operative blood loss, rate of transfusion, or postoperative
adverse events (eg, myocardial infarction, major bleeding, or
death) when comparing aspirin with placebo when adminis-
tered preoperatively.24,25 If withholding aspirin preoperatively,
there is a strong recommendation, albeit with low-quality evi-
dence, for interruption 3 days prior to the planned proce-
dure.10 When aspirin is stopped preoperatively, it should be
resumed as soon as possible postoperatively, given the
increased risk of thrombotic events.10

With regards to P2Y12 inhibitors (clopidogrel, prasugrel,
and ticagrelor), it is recommended to hold ticagrelor and clo-
pidogrel for at least 5 days and prasugrel for at least 7 days
before any planned procedure.10,26 Patients with new-gener-
ation coronary stent implants are usually placed on dual anti-
platelet therapy for 3-6 months.27,28 It is recommended to
delay any elective surgery until dual antiplatelet therapy is
completed and if possible, perform surgery without the dis-
continuation of aspirin.29

Vitamin K antagonists (VKA) such as warfarin are not an
uncommon anticoagulant encountered in patients under-
going surgery. In order to determine a perioperative antico-
agulation plan, each patient should be assessed by
specialists and risk stratified for their thrombotic risk and
surgical related bleeding risk.30 In patients undergoing
major spine surgery with low to moderate risk of a throm-
botic event, it is recommended to stop VKA 5 days prior to
surgery with no bridging needed.10,30 Patients with high
risk of thrombotic events should be bridged with low
molecular weight heparin (LMWH) with the last dose given
24 hours prior to surgery.10,31 In patients with low risk of
bleeding, it is recommended to resume VKA the night of or
the day after surgery concomitant with LMWH until the
target INR is reached.10 In patients with moderate to high
risk of bleeding, it is recommended to give a prophylactic
dose of LMWH or unfractionated heparin the evening of
the procedure for 48-72 hours then resume therapeutic
LMWH and VKA until the target INR is achieved and then
discontinue the LMWH.10

Other anticoagulants encountered include direct oral anti-
coagulants, including Rivaroxaban, Apixaban, and Edoxa-
ban. The European Society of Anesthesiology strongly
recommends (with low-quality evidence) to stop these direct
anticoagulants 2 days before an intervention with moderate
to high risk of bleeding.10,32 Furthermore, they recommend
stopping Dabigatran 3 days before surgery without the need
for any bridging.10,32,33
Management of Intraoperative
Blood Loss
Intraoperatively, the anesthetist plays a vital role in minimiz-
ing perioperative blood loss. Apart from meticulous surgical
technique, successful management of blood loss during spine
surgery involves several components: establishing peripheral
or central access for fluid management, careful attention to
monitoring and measuring volume changes, blood conserva-
tion strategies, and safe delivery to the appropriate level of
postoperative care.
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Peripheral and Central Venous Access
Obtaining venous access can often be difficult in the supine
position, with the level of difficulty increasing dramatically with
a patient in the lateral, or prone position. It is advisable to place
all lines necessary to accommodate any and all perioperative
needs prior to finalizing patient positioning. The use of periph-
eral vs central access is determined by several factors: ease and
quality of available peripheral access, the type and length of sur-
gery, expected blood loss, anticipated fluid requirements and
shifts, and potential need for pressor support.
Central lines are valuable for both access and monitoring.

Indications for placement may include patients with peripheral
vascular disease, ischemic heart disease, congestive heart fail-
ure, severe valvular disease, symptomatic dysrhythmia, meta-
bolic disorders, or the need for prolonged postoperative access.
Unfortunately, central venous pressure, as measured through a
central line, is not a validated measure in the prone position
and may not accurately predict fluid responsiveness.34,35

Whether central or peripheral vascular access is desired,
both expose the patient to risk, as noted in the Closed Claims
Project (USA) and NAP4 study (UK). Complications related
to peripheral venous access include fluid extravasation, drug
extravasation, scarring, peripheral nerve injuries, and com-
partment syndrome. Central line insertion carries the risk of
wire embolization, pneumo/hemothorax, carotid artery
injury, stroke, nerve injury, cardiac injury, and death. While
the incidence of major complications is very low, the use of
central and peripheral access should remain purposeful.
Monitoring
Monitoring of blood pressure, and indirectly perfusion of the
spinal cord, is mandatory in avoiding nerve, end organ, or
spinal cord ischemia. In addition to the standard monitors of
pulse oximetry, noninvasive blood pressure monitors, and
ECG, arterial access is frequently used for beat-to-beat blood
pressure monitoring (stroke volume variation or SVV) as well
as to draw labs in longer cases. The noninvasive blood pres-
sure cuff running every 5 minutes can result in muscle pain,
skin bruising, peripheral nerve injury, and compartment syn-
drome.36 Prolonged surgery should itself be considered an
indication for placement of an arterial line. Other indications
for invasive monitoring include cases of deliberately induced
hypotension, prolonged surgical procedures, anticipated
heavy blood loss, significant cardiopulmonary or renal dis-
ease, or when single lung ventilation is required.
Waveform analyses of arterial line tracings have been

employed to determine characteristics of cardiac function and
optimal fluid management. By measuring the change in mean
arterial pressure (MAP) through SVV, it is possible to estimate
a patient’s fluid responsiveness. Caution with respect to inter-
pretation should be exercised in the prone position due to the
associated change in pressurization of the abdominal and tho-
racic cavities. Although SVV is still in the process of being vali-
dated for the prone position,37 these measures can at the least
provide a trend, which in turn can serve as an indication of
responsiveness to interventions undertaken.
Arterial lines do pose a risk of radial nerve injury, arterial
wall injury or dissection, and hand ischemia in the case of
single artery perfusion of the palmar arch. Performing an
Allen’s test prior to cannulation and the use of ultrasound for
placement are advised. In the hands of a skilled anesthesiolo-
gist, the rate of complications is low. In a large retrospective
study, only 21 patients out of 62,626 (7.8:10,000) who
underwent radial artery catherization in the operating room
suffered from a complication.38
Hemodynamic Goals
Blood pressure goals for spine surgery are debatable; permis-
sive hypotension may decrease surgical bleeding but can
cause ischemic damage to sensitive organs such as the brain,
spinal cord tissue, myocardium, and optic nerves.39

Although permissive hypotension has been validated in the
pediatric population, these studies are not considered widely
generalizable in adult patients.40

Hypotension decreases physiologic reserves and puts
patients at higher risk of cardiac arrest should significant surgi-
cal bleeding or tension pneumothorax occur.41 Even relative
hypotension should generally be avoided in patients with risk
factors for developing intraoperative cardiac ischemia such as
existing coronary artery disease, advanced age, diabetes, athero-
sclerosis, and longstanding history of hypertension.41

Hypertension is an independent predictor of cardiac adverse
events in noncardiac surgery.42 Intraoperative hypotension on
the other hand is one of the most encountered factors associ-
ated with deaths related to anesthesia.43 Guidelines advanced
by multiple anesthesiology groups including the American
Society of Anesthesiologists Task Force on Perioperative Visual
Loss, the North American Neuro-Ophthalmology Society, and
the Society for Neuroscience in Anesthesiology and Critical
Care strongly state that deliberate hypotension should be a
multidisciplinary decision and that it should be reserved for
essential cases only.44 Patients with pre-existing hypertension
should maintain an intraoperative MAP within 25% of baseline.
In the setting of acute hypertension, the treatment goal is to
decrease blood pressure by no more than 25%.45

Hypertension may be beneficial in reducing secondary
injury in traumatic spine injuries. Areas of injury experience
a focal loss of autoregulation. In his article, Hadley recom-
mended a MAP at 85 or greater.46 In a multivariate analysis
of risk factors for perioperative complications in men who
underwent noncardiac surgery, the presence of preoperative
hypertension increased the odds ratio for postoperative death
to 3.8 times that of normotensives.42

Fluid goals are a balance between supporting intravascular
volume, ensuring adequate tissue oxygenation and perfusion
to organs, and preventing fluid overload. During prolonged
surgery in the prone position, dependent areas such as the
head, neck, and face can become overly edematous, causing
potential airway obstruction if postoperative extubation is per-
formed, and can necessitate a prolonged course of mechanical
ventilation through a protected airway. It is necessary to strike
a delicate balance between hypotension to minimize blood
loss and hypertension for maintaining tissue oxygenation.
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Hemostasis and Coagulation
Significant intraoperative blood loss is a concern in major
spine surgery. Although many patient and surgical factors con-
tribute to the amount of blood lost, one systematic review
reports an average blood loss of 650-2839 mL during spine
fusion.47 In concert with the high prevalence of preoperative
anemia, patients undergoing spinal fusion are at high risk of
requiring allogenic blood transfusions. Indeed, 50%-81% of
patients undergoing spine fusion require a transfusion.47 Miti-
gating the hazards of allogenic blood transfusions include
using a fluid warmer for packed red blood cells and plasma,
avoiding dilutional coagulopathy by monitoring and replacing
blood products in appropriate ratios, and replacing calcium to
counteract citrate used in the preservation of blood products.
Factors that increase risk of blood loss include a higher

BMI, advanced age, pre-existing bleeding diathesis, higher
number of spinal levels operated on, and increased intra-
abdominal pressure.48 Meticulous surgical technique, an
experienced surgeon, and staged procedures can reduce sur-
gical bleeding. Medical management of bleeding and the
avoidance of physiological factors that increase bleeding can
significantly reduce intraoperative blood loss. Even mild
hypothermia can induce a coagulopathy and worsen bleed-
ing; a reduction of 1°C can increase bleeding by 16% and
increase the risk of blood transfusions by 22%.49,50

Transmitted pressures from the abdominal and thoracic
cavities can increase vena cava pressures, causing venous
engorgement and increased bleeding. Careful positioning can
prevent unnecessary abdominal and thoracic compression and
reduce blood loss.51 Modes of ventilation can affect intratho-
racic pressures and bleeding in spine surgeries. Kang et al
demonstrated that pressure control ventilation reduces bleed-
ing when compared to volume control ventilation in posterior
lumbar interbody fusion operations due to the ability to
deliver the same ventilatory volume with less pressure.52

Antifibrinolytic agents, such as aprotinin, aminocaproic
acid, and tranexamic acid (TXA), prevent the lysis of clots and
thereby reduce intraoperative bleeding. This class of drug has
been increasingly used in operations with a high risk of bleed-
ing. TXA has been shown to be safe in multiple studies and
does not produce complications related to hypercoagulability.
In spine surgery, TXA has been well studied in the pediatric
population but optimal dosing has yet to be established in
adults. Although no protocols have been established, doses as
low as 1 mg/kg/h exhibit hemostatic benefits.53 Multiple stud-
ies that vary in the loading dose (0-100 mg/kg) and infusion
rates (1-2 mg/kg/h) all show less blood loss and seem to require
less blood transfusions when compared to placebo.54-56

Aminocaproic acid, an older agent, is more costly than TXA
and does not provide superior outcomes.57
Monitoring for Coagulopathy
The etiology of intraoperative coagulopathy is most frequently
either a consumptive or dilutional process. Monitoring the
function of the coagulation system and maintaining its homeo-
stasis will avoid unnecessary blood loss and help prevent dis-
seminated intravascular coagulation.
Several institutional policies around the monitoring of
coagulopathy and blood loss have been shown to be effec-
tive in guiding intraoperative resuscitation. The protocol
published by Halpin et al includes a recommendation for
complete blood count, PT, PTT, fibrinogen, and calcium
drawn every 2 hours for the first 6 hours and then every
1 hour after that and provided guidelines for temperature
management, blood product management, and position-
ing.58 A follow-up retrospective study by Zeeni et al showed
that adhering to the protocol resulted in a statistically signif-
icant savings of 1 unit of packed red blood cells and 1.1
units of total red blood cells compared to lab work based
on the attending anesthesiologist’s discretion.59

New point of care coagulation testing will likely change
the paradigm of resuscitation with blood products. Rotem
and thromboelastography are based on the formation of a
clot and the resistance it generates in a rotating pin-cup appa-
ratus. These technologies can diagnose issues within the
coagulation process (platelet adhesion, clot stability, and
fibrinolysis) and allow the anesthesiology team to tailor
blood products specific to the requirements of the patient.60

Naik et al demonstrated that the use of this technology
decreased the amount of blood products required during a
major spine surgery.61
Replacement
The mainstay of treatment for surgical bleeding is the transfu-
sion of blood products. Due to its ability to replenish the
oxygen-carrying capacity and increase the factors required
for coagulation in a correct balance, the transfusion of whole
blood is thought to be best.62 Unfortunately, whole blood is
not readily available due to storage issues. By providing a bal-
anced ratio of packed RBC, fresh frozen plasma, and plate-
lets, it is possible to mimic whole blood and prevent
dilutional coagulopathies. Ratios beside the commonly used
1:1:1 have been discussed in the literature but have not been
found to be superior.63 As point-of-care testing for hemosta-
sis becomes more prevalent, anesthesiologists will be able to
address the specific defects and replace the required factors,
thereby reducing the amount of blood products required.61

The threshold for transfusion of RBC has been studied
extensively. The TRICC trial, a multicenter ICU study, estab-
lished a hemoglobin threshold of 70 g/L. This guideline is fre-
quently employed across multiple clinical settings.64 However,
70 g/L as a threshold for transfusion should be used cautiously
in the setting of major spine surgery. The tissues of the spinal
cord may be more sensitive to hypoxia than previously sus-
pected. Studies in mice show that neural tissue undergoes
hypoxic changes at a hemoglobin level as low as 89 g/L.65

Other complications from lower hemoglobin include higher
rates of postoperative delirium.66 Using a restrictive hemoglo-
bin transfusion threshold of 100 g/L intraoperatively and
80 g/L postoperatively has been linked to lower mortality
rates, shorter hospital stay, lower infection rate, lower throm-
botic events, and lower rates of organ ischemia.67

Acute normovolemic hemodilution (ANH) is a technique
where whole blood is taken from the patient prior to the
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initial incision. The volume that is drawn off and stored is
then replaced with crystalloid to maintain a normal intravascu-
lar volume. As bleeding occurs, the patient’s own blood can be
transfused back during the operation. This technique reduces
the viscosity of the blood, thereby increasing flow through ter-
minal capillaries and includes a mild hypercoagulable state.68

It has been found to decrease the percentage of patients requir-
ing autologous blood transfusion in major spine surgeries.69

While this technique has benefits, ANH should only be used
in appropriately selected patients.70 Patients should have an
initial hemoglobin above 120 g/L, be free of any coronary, pul-
monary, renal disease, liver disease, or severe hypertension
and should not have an active infection. Despite its benefits,
studies have found that ANH is often a costly intervention and
that the stored blood is often not used.39

Intraoperative blood salvaging is a technique where blood
lost intraoperatively is recovered and transfused back to the
patient. This technique requires specialized equipment that
collects lost blood, mixes it with an anticoagulant, and finally
washes and concentrates the blood. The processed blood is
then transfusion back into the patient at a hematocrit
approaching 60%. Due to the anticoagulation process, an
induced coagulopathy from residual anticoagulant used dur-
ing the salvaging process can occur and appropriate hemo-
static monitoring should be used. Intraoperative blood
salvaging is acceptable in the use of major spine surgeries
and is most cost effective when blood loss is expected to be
greater than 2000 mL.71,72 A recent Cochrane review demon-
strated that cell salvage is effective in spine procedures and
reduces transfusion rate.73 In fact, the review shows that cell
salvage can reduce transfusion rates by 39%.73 However,
another study demonstrated that cell salvage in lumbar spine
surgery was associated with increased blood loss and adds
controversy to the effectiveness of cell salvage techniques.74

Others voice concern about using cell salvage in patients
with infection or cancer to avoid spreading disease. A more
recent study has shown that cell salvage can reduce transfu-
sion without decreased long-term survival in patients with
metastatic disease undergoing spine surgery.75 Therefore, the
role of cell salvage can become useful in decreasing transfu-
sion rates after spine surgery. Due to the high associated
cost, intraoperative blood salvaging is not effective in single-
level spine surgeries and does not alter the number of blood
products required in these cases.76
Optimizing Patient-Specific
Physiological Tolerance of
Anemia Postoperatively
Complex spine surgery and blood management go hand in
hand. With average blood loss values as high as 1.5 L in com-
plex spine surgery reported in the literature,77 strategies to
minimize this loss and optimize patients’ postoperative need
for transfusion become very important. This optimization
can also help decrease the requirements for blood transfusion
postoperatively. Any reduction in postoperative blood
transfusion rate helps to decrease both cost and complica-
tions associated with postoperative care, as transfusion has
been associated with such complications as increased risk of
wound infection and increased length of stay in hospital.78

The need for postoperative blood transfusion may still per-
sist, despite preoperative correction of anemia.49 The ideal
indications for postoperative transfusion therefore become
difficult to determine. In fact, de Araujo et al79 showed that
severe anemia in Jehovah’s witness patients, as low as 1.4 g/
dL, can recover without complications, without the need for
blood transfusion. Although these cases demonstrate extreme
instances, restrictive transfusion triggers can be adequate and
even beneficial.49 Lower transfusion triggers can help limit
transfusion rate without affecting patient outcomes. In addi-
tion, some animal trials showed that anemia tolerance
changes for different organs and showed that major organs
can tolerate hemoglobin levels as low as 4 g/dL.80 Thus,
although studies show that lower hemoglobin level can be
well tolerated, the optimal threshold for transfusion is diffi-
cult to determine from the literature. Our institution does
not set a fixed threshold for postoperative transfusion. Trans-
fusion is recommended on a symptomatic basis, and in the
absence of active bleeding, restricted to a single unit of
packed RBC prior to clinical reassessment.

Perioperative fluid therapy regimens have been proposed in
the literature to improve patient outcomes and limit blood
transfusion rate. The regimens presented in the literature do
not qualify as general recommendations according to the
European Society of Anaesthesiology, given the limited power
of the studies and limited generalizability of the results.10

Goal-directed fluid therapy has however been demonstrated
in recent meta analyses81-83 to show benefit in maintaining tis-
sue perfusion based on hemodynamic monitoring, especially
in complex patient scenarios, avoiding some major postopera-
tive complications. The role of goal-directed therapy in spine
surgery may be important and can potentially help decrease
the need for postoperative transfusion.

Autologous predonation has been widely investigated to
determine if it is effective in decreasing the need for postopera-
tive blood transfusion. Recent studies have shown no benefit in
predonation with respect to blood loss and transfusion require-
ments.84 Therefore, this technique has been abandoned in the
majority of centers due to its lack of postoperative benefits.
Conclusion
Appropriate perioperative blood management requires a mul-
tidisciplinary approach. Preoperative optimization, including
treatment of iron deficiency anemia is crucial to decreasing the
requirement for transfusion. Intraoperative management
guidelines exist to minimize the complications associated with
transfusion and help mitigate intraoperative blood loss.
Appropriate ratios of blood product replacement, maintenance
of patient temperature, and optimization of hemostasis and
coagulation can all improve patient outcomes. Careful atten-
tion to specific patient needs postoperatively is likely indicated
over specific transfusion thresholds.
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