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OBJECTIVE
At the completion of this course, the reader should be 
able to:

1. Discuss the pharmacology of tranexamic acid and 
specify the recommendations for its use to minimize 
blood loss during complex spine surgery.

INTRODUCTION
Complex spine surgery has been associated with sig-
nificant perioperative blood loss, often requiring blood 

transfusion. Unfortunately, the administration of blood 
products can result in multiple complications, increas-
ing morbidity and mortality. Antifibrinolytic medica-
tions, such as tranexamic acid (TXA), have successfully 
been utilized prophylactically to reduce perioperative 
blood loss in surgical procedures including orthopedics, 
trauma, cardiac, and obstetrics. Although the incorpora-
tion of TXA for spine surgery is becoming increasingly 
popular, there remains widespread equivocality regard-
ing dosing regimens. This journal course will discuss 
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Currently, there are approximately 1.62 million instrumented spinal surgeries performed 
each year in the United States. Complex procedures such as wide exposures and composite 
osteotomies, compounded by the spine’s extensive vascular network, often result in 
major blood loss and increased fibrinolysis. Substantial intraoperative blood loss often 
necessitates blood transfusion and is a significant predictor of postoperative morbidity. 
Antifibrinolytic medications have been utilized prophylactically to reduce perioperative blood 
loss, particularly in surgeries where excessive blood loss is common. Tranexamic acid (TXA), 
a lysine analog that reversibly binds to plasminogen, inhibits the activation of plasminogen to 
plasmin, delaying clot degradation. The intravenous and topical administration of TXA during 
the perioperative period safely and effectively reduces blood loss, transfusion requirements, 
and/or hospital length of stay in patients undergoing major or complex spine surgery. 
Although the use of TXA for multilevel spine surgery is increasing, there remains widespread 
equivocality regarding ideal dosing regimens. Recent evidence suggests that high-dose TXA 
significantly reduces perioperative blood loss when compared with low-dose TXA, with no 
increase in perioperative morbidity and mortality. Translating this evidence into sustained 
change in clinical practice has the potential to improve both outcomes and blood product 
utilization in patients undergoing major or complex spine surgery.
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the pharmacology of TXA and review current literature 
regarding its implementation for complex spine surgery.

SPINE SURGERY: PREVALENCE AND 
APPROACHES
There are approximately 1.62 million spinal fusion surger-
ies performed each year in the United States, according 
to Current Procedural Terminology and International 
Classification of Diseases codes.1 Spine surgeries range 
from minor to major to complex procedures. Minor 
procedures include 1-2 level anterior cervical discec-
tomy and fusion (ACDF) and 1-2 level decompression 
or microdiscectomy. Major and complex procedures 
include 3-4 level ACDF/posterior cervical discectomy 
and fusion, 1-3 level anterior lumbar interbody fusion 
(ALIF)/extreme lateral interbody fusion, 1-2 level transfo-
raminal interbody fusion, and 1-2 level anterior-posterior 
fusion. Complex spine surgery may also include scoliosis 
deformity correction, anterior-posterior fusion, vertebral 
column resection, and tumor corpectomy and debulking.2

Complex spine surgery is associated with significant 
risk of blood loss. Additionally, blood loss is positively 
correlated with the extent of surgical revision and the 
complexity of spinal instrumentation. Figure 1 illustrates 
the potential blood loss associated with minor, major, 
and complex surgical procedures.2

COMPLICATIONS OF SPINE SURGERY
Over the past three decades, the number of spinal fusion 
surgeries performed in the United States has grown by 
over 200%.3 As the quantity and complexity of spinal fusion 
surgeries continues to increase, proper management and 

prevention of intraoperative blood loss has become an 
important concern. Significant blood loss remains a major 
complication of spine surgery, with lumbar spine fusion 
being included among the top 10 surgical procedures that 
require perioperative blood transfusion.3

Complex spinal fusion surgeries result in substantial 
blood loss with hemorrhage rates reported in up to 50% 
to 80% of adult patients.3 Perioperative blood transfu-
sions are required in 6% to 32% of patients undergoing 
spine surgery.4 Factors related to increased blood loss 
include extensive spinal instrumentation, prolonged sur-
gical time, osteotomies, exposure of cancellous bone, an-
terior-posterior approaches, altered blood coagulation, 
and hypervascularization. Patient factors that increase 
the risk for blood transfusion include advanced patient 
age, higher ASA class, preoperative anticoagulation, and 
lower preoperative hemoglobin and hematocrit.3,4

Perioperative blood transfusion during complex spine 
surgery is often required to avoid hypotension, hypoper-
fusion, coagulopathy, and renal failure. However, blood 

Figure 1.  Types of Spine Surgery and Expected Blood Loss2

(Adapted from Khanna et al2)

Figure 2.  Blood Transfusion-related Complications4
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transfusions are associated with increases in mortality, 
length of hospital stay, and overall cost. Postoperative 
complications related to blood transfusion administra-
tion include a greater risk for wound infections and 
thromboembolic events.4 In addition to worsened post-
operative outcomes, blood transfusions are also associ-
ated with several rare but life-threatening transfusion-
related complications (Figure 2).4

The risk for substantial blood loss, combined with the 
deleterious complications of blood transfusions, dem-
onstrates a crucial need to prevent blood loss during 
complex spine surgery. Preoperative considerations for 
reducing blood loss include appropriate timing of dis-
continuation of anticoagulation, aspirin, and nonsteroidal 
anti-inflammatory drugs as well as optimizing hemoglobin 
levels. Intraoperative considerations include proper posi-
tioning, maintaining normothermia, use of bipolar elec-
trocautery, and application of topical and intravenous he-
mostatic agents. The utilization of antifibrinolytic agents 
such as TXA is associated with substantial improvements 
in hemostasis and decreases in blood loss.5

THE COAGULATION CASCADE AND  
FIBRINOLYSIS
Hemostasis occurs from the simultaneous activation 
of the coagulation cascade and fibrinolytic system. 
Damaged vascular endothelium resulting from direct 
surgical trauma stimulates the coagulation cascade. 
Circulating platelets bind to glycoproteins of the exposed 
collagen, signaling a cascade that results in the activa-
tion and adherence of platelets. This process is referred 
to as primary hemostasis.6-8

Secondary hemostasis consists of two pathways: in-

trinsic and extrinsic, which lead to the formation of 
fibrin. Clot formation consists of a series of reactions 
in which inactive enzyme precursors become activated 
constituents that catalyze subsequent reactions down 
the cascade, ultimately cross-linking fibrin strands. The 
result of both pathways is the conversion of prothrombin 
to thrombin, its active form, which stimulates conversion 
of fibrinogen to fibrin and activates other clotting factors 
which bond fibrin cross-links. These reactions coalesce to 
promote the formation of a stable fibrin clot (Figure 3).9

As the coagulation cascade creates this clot, the fibri-
nolytic system works to remove it. Fibrinolysis is the enzy-
matic breakdown of fibrin within a clot. The liver produc-
es plasminogen, an inactive form of plasmin. Plasminogen, 
which has a high affinity for fibrin, binds to the forming 
blood clot. Tissue plasminogen activator (tPA) and uro-
kinase are released into the circulation by damaged vas-
cular endothelium. These agents convert plasminogen to 
plasmin, its active form. Lysine-binding sites on plasmin 
become available to bind with fibrin and other proteins, 
facilitating fibrinolysis. Alpha2-antiplasmin, a regulatory 
protein of the fibrinolytic system, inactivates tPA and 
urokinase. Plasmin degrades the fibrin mesh into soluble 
degradation products, which are ultimately cleared from 
circulation through hepatic extraction.6-8

TRANEXAMIC ACID
•• Pharmacology. Antifibrinolytic medications such as 
TXA are used to inhibit fibrinolysis and promote hemo-
stasis. TXA is a synthetic equivalent of the amino acid 
lysine. It reversibly binds to lysine receptor sites on 
plasminogen, decreasing its conversion to plasmin and 
preventing fibrin degradation (Figure 4).10 Additionally, 

Figure 3.  The Coagulation Cascade and Fibrinolysis9
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TXA mildly inhibits the activity of plasmin and can block 
the active sites of urokinase plasminogen activator.6-8

In addition to its potent antifibrinolytic properties, 
TXA wields anti-inflammatory effects at higher doses 
through inhibition of plasmin-mediated activation of 
complement, monocytes, and neutrophils. A random-
ized control trial by Lei and associates established that 
postoperative inflammatory markers positively correlate 
with postoperative pain levels.11 Their research demon-
strated significantly lower levels of C-reactive protein 
and interleukin-6 in patients who received high-dose 
TXA following total knee arthroplasty. Patients who 
received high-dose TXA had corresponding lower re-
ported pain scores and less opioid consumption than 
those in the low-dose TXA group. Thus, it appears that 
the anti-inflammatory effects of TXA may improve func-
tional outcomes and alleviate postoperative pain. At high 
doses, TXA also inhibits plasmin-mediated platelet acti-
vation, another proposed benefit of its administration.11

•• Clinical Indications. TXA may be administered orally, 
topically, or intravenously. It is commonly administered to 
reduce perioperative blood loss and transfusion require-
ments in various surgical specialties, including cardio-
thoracic, orthopedic, urology, gynecology, neurosurgery, 
and craniofacial procedures. Additionally, it has been 
successfully utilized to significantly decrease blood loss 
in patients with or without innate bleeding disorders and 
has contributed to increased survival rates in patients 
with severe trauma.8 TXA also plays a crucial role in pre-
venting and treating obstetric postpartum hemorrhage, 
the leading cause of maternal death worldwide. A land-
mark research project by the WOMAN Trial collaborators 
demonstrated that the early administration of 1-2 g of TXA 
after delivery reduces maternal mortality from bleeding 
by one-third with no evidence of adverse effects.12,13

•• Intravenous TXA Dosing for Spine Surgery. Table 

1 provides a comprehensive review of various dosing 
strategies and outcomes found in the current literature. 
Although hypothesized to be dose dependent, a single 
quantitatively superior dosing strategy has not emerged 
from the literature. Recent trials that focused on the 
use of TXA in spine surgery exhibit large variability in 
treatment strategies, with loading doses ranging from 
10 mg/kg up to 100 mg/kg and infusion rates of 1 mg/
kg/hr to upward of 10 mg/kg/hr. These studies cat-
egorize low-dose TXA as an intravenous bolus of 5-10 
mg/kg and high-dose TXA as a bolus of > 10 mg/kg.14-17 

Several recent studies have evaluated high-dose TXA vs. 
low-dose TXA regimens. Although those studies demon-
strated favorable results associated with high-dose TXA 
regimens, there remains considerable variance in the 
recommended dosing guidelines.14-17

REVIEW OF HIGH DOSE STRATEGIES
TXA dosing regimens in various studies are not founded 
on pharmacokinetic recommendations. No pharmacoki-
netic dose-response relationship has been established to 
support an evidenced-based rationale of dosing strate-
gies. The minimum dose needed to be effective and the 
maximum concentration at which side effects are seen 
remain unknown. However, high-dose regimens have dem-
onstrated a clear advantage in the efficacy of reducing blood 
loss and transfusion requirements and decreasing hospital 
length of stay as compared with low-dose regimens.14-17

RECOMMENDATIONS/GUIDELINES FOR  
USE OF TXA
•• Absolute and Relative Contraindications. When TXA is 
administered during major surgery or trauma where fibri-
nolysis is stimulated, the occurrence of a thromboembolic 
event is unlikely. However, dosing guidelines for high-risk 
patients remain scarce. There seems to be a widespread 

Figure 4.  Mechanism of Action of TXA10

Abbreviation: TXA, tranexamic acid; tPA, tissue plasminogen activator.
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consensus regarding absolute contraindications for TXA, 
including history of anaphylactic reaction, active coagu-
lopathy, renal failure, acute subarachnoid hemorrhage, 
and recent pulmonary embolism, deep vein thrombosis 
(DVT), or coronary stenting within six months. Many 
studies and trials have excluded these patient populations; 
therefore, the safety profile of TXA remains unknown. 
Relative contraindications to the use of TXA include renal 
dysfunction, preexisting coagulopathy or anticoagulation 
treatment, uncontrolled seizure disorder, and patients 
with increased risk of venous thromboembolism. It is 
recommended to assess the risk-to-benefit ratio for each 
patient and procedure. Dosing of TXA should be based on 
patient condition and the complexity of the spine surgery 
being performed. Complex spine procedures should im-
plement high-dose regimens if appropriate.18,19

CONSIDERATIONS FOR SPECIAL  
POPULATIONS
•• History of Hypercoagulability/DVT/Pulmonary Embolism. 
Clinical concerns persist regarding high-risk patient 
populations with a history of prothrombotic condi-
tions such as DVT, pulmonary embolism, myocardial 
infarction, cerebrovascular accident, atrial fibrillation 
or flutter, and coronary artery bypass grafting or stents. 
However, the overwhelming and consistent evidence 
provided by multiple systematic reviews and meta-
analyses demonstrates that the risk of thromboembolism 
in patients who receive TXA is not significantly different 
than untreated control groups.14-16 TXA administra-
tion has an extraordinary safety profile, even with high 
dosing regimens.

A retrospective review by Porter and associates of 
38,220 patients undergoing total hip and knee arthro-

Author/
Year

Dosing Strategies Results and 
Recommendations Adverse EffectsLow-Dose TXA High-Dose TXA Notes

Kim et 
al, 2017

Bolus: 5 mg/kg  
Infusion: 1 mg/
kg/hr

Bolus: 10 mg/kg  
Infusion: 2 mg/kg/hr 

‐Bolus administered 
5 min prior to 
incision

-Infusion continued 
until 5 hr after 
surgery

-Single level 
posterior lumbar 
interbody fusion

1) Overall blood loss 
was significantly less 
with high-dose TXA

2) High-dose TXA 
recommended

None

Yuan et 
al, 2019

Bolus: < 10 mg/kg 
Infusion: < 10 mg/
kg/hr

Bolus: 10-100 mg/kg 
Infusion: > 10 mg/
kg/hr

Used in variety of 
surgical procedures 
including cervical, 
thoracic, and lumbar 
spine

1) High-dose TXA more 
effectively controlled 
blood loss, operative 
time, and transfusion 
rate

2) Low-dose TXA had 
no significant role in 
decreasing transfusion

3) High-dose TXA 
recommended

None

Raman 
et al, 
2019

Bolus: 10-20 mg/kg 
Infusion: 1-2 mg/
kg/hr

Bolus: 30-50 mg/kg 
Infusion: 1-10 mg/
kg/hr

Adult spinal 
deformity surgery

1) High-dose 
TXA significantly 
decreased blood loss, 
intraoperative PRBC 
transfusion, and 
intraoperative platelet 
transfusion

High-dose TXA 
had increased 
incidence of 
postoperative AF 
and MI; associated 
with patients 
with a history 
of arrhythmia 
and those who 
received no 
postoperative 
anticoagulation

Johnson 
et al, 
2017

Bolus: 10 mg/kg 
Infusion: 1 mg/
kg/hr

Bolus: 50 mg/kg 
Infusion: 5 mg/kg/hr

Pediatric scoliosis 
surgery

1) High-dose TXA 
significantly decreased 
blood loss and 
transfusion rates 
compared to low-dose 
TXA

None

Table 1.  Comparison of Tranexamic Acid Dosing Strategies
Abbreviations: TXA, tranexamic acid, AF, atrial fibrillation; MI, myocardial infarction.
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plasty found no significant difference in the odds of 
adverse outcomes or occurrence of VTE between high-
risk patients who received TXA and high-risk patients 
who did not receive TXA.20 Comparable results were also 
demonstrated in other studies.14,15,17

•• History of Seizures. The proconvulsant proper-
ties of TXA can also cause trepidation regarding its use 
among anesthesia practitioners. TXA-induced seizures 
are postulated to result from higher levels of TXA in the 
cerebrospinal fluid (CSF). TXA occupies lysine binding 
sites on GABA and glycine receptors which produces 
significant central nervous system disinhibition and 
widespread neuronal depolarization. Accumulation of 
TXA may be magnified in patients with renal dysfunc-
tion. Additionally, damage to the blood-brain barrier in 
patients with a previous traumatic brain injury or pre-
existing seizure disorder may facilitate buildup of TXA 
in the CSF. However, the risk of intraoperative seizures 
in patients who receive TXA is usually multifactorial, 
most reported in cardiac patients on cardio-pulmonary 
bypass (CPB). Seizures following CPB are considered 
consequential to the augmented permeability of the 
blood-brain barrier due to intensive systemic inflamma-
tion that results from cardiac surgery. Therefore, prac-
titioners should be mindful that the risk of seizures may 
increase with TXA treatment, particularly with higher 
dosing regimens, in these patient populations.20,21

•• Hypersensitivity. Hypersensitivity reactions are rare 
adverse events associated with TXA administration. The 
reactions may be IgE or cell-mediated in origin and 
symptoms may range from mild pruritus and urticaria 
to severe shock.22 A small number of reports describ-
ing anaphylactic reactions following administration of 
intravenous TXA are discussed in the literature. In all 
cases, anaphylactic shock was successfully treated and 
hypersensitivity to TXA was confirmed by follow-up 
immunologic skin testing.23-26 For patients suspected of 
having an anaphylactic reaction to TXA, a dosing strategy 
has been developed to standardize immunologic testing 
to confirm TXA allergy.25 A history of allergic reaction to 
TXA is an absolute contraindication for its use.22-26

•• Renal Disease. Special considerations for the use 
of TXA must be made for patients with chronic renal 
disease (CRD). TXA is eliminated unchanged via glomeru-
lar filtration. Therefore, it will accumulate in patients 
with renal impairment and dosing adjustments must be 
made. As previously mentioned, it has also been postu-
lated that elevated serum concentrations of TXA related 
to renal impairment increase the risk for postoperative 
seizures following cardiopulmonary bypass surgery.

Recent research has focused on dose reduction strat-
egies for patients with CRD undergoing cardiac surgery 
to reduce risk.27 Although specific recommendations 
for spine surgery are currently unavailable, adjusted 
dosing guidelines are available from the Food and Drug 

Administration (FDA) (Table 2)28 and for patients with 
CRD undergoing cardiopulmonary bypass surgery.27 
Notably, the FDA guidelines refer to approved uses of 
TXA which only include short-term use of TXA in patients 
with hemophilia and prevention of bleeding for tooth ex-
traction. Whereas these dosing regimens may guide TXA 
administration for patients with CRD, more research is 
needed to determine optimal adjusted dosing strategies 
for patients undergoing complex spine surgery.

In the presence of renal impairment, TXA has been 
shown to improve platelet function, decrease bleed-
ing time, and have no direct effect on kidney function.29 

Although dose-adjusted TXA is safe for use in patients with 
CRD, there is controversy over the use of TXA for gross he-
maturia caused by renal parenchyma disease. It is hypoth-
esized that TXA may cause clot formation in the ureter or 
renal pelvis, leading to acute kidney injury.29-31 However, 
there is no evidence of acute kidney injury related to TXA 
administration for spine surgery in the literature.

•• Dosage Selection. When deciding which dosing strat-
egy to follow, it is essential to be cognizant of the initial 
loading dose of TXA. It is considered the most significant 
dose of TXA because the inhibition of fibrin activation 
is more efficacious in the early stages of fibrinolysis.11,16 
Raman and colleagues16 suggest that the plasma concen-
tration of TXA necessary to impede fibrinolysis ranges 
from 5-15 mg/L. An initial intravenous bolus of 1 gram of 
TXA can attain a plasma concentration ≥ 10 mg/L for 5-6 
hours. However, when using a weight-based strategy, a 
low-dose initial bolus may fail to meet these parameters. 
For example, a 10 mg/kg bolus for a patient weighing 
68 kg will not achieve the necessary plasma concentra-
tion to inhibit plasmin. It is crucial to keep this dose-
response relationship in mind when choosing a specific 
loading dose at the onset of surgery.

Although an appropriate loading dose of TXA will 
inhibit initial fibrinolysis, incorporating an infusion is 
suggested for surgeries of longer duration. Research by 
Lei and associates11 found that fibrinolysis peaks within 
6 hours following surgery and remains elevated for 18-24 
hours postoperatively. Thus, giving a bolus followed by 
an infusion is most beneficial in inhibiting early fibrino-
lysis and providing prolonged antifibrinolytic therapy.16

•• High-Dose TXA for Complex Procedures with High 
Anticipated Blood Loss. Compared with low-dose TXA, 
high-dose TXA is associated with decreased transfu-

Serum Creatinine Intravenous Dose
1.36 to 2.83 mg/dL 10 mg/kg twice daily

2.83 to 5.66 mg/dL 10 mg/kg daily

> 5.66 mg/dL 10 mg/kg every 48 hr or 5 mg/
kg every 24 hr

Table 2.  Food and Drug Administration Guidelines 
for Adjusted Dosing for Renal Impairment26
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sion requirements, shorter surgical time, and decreased 
length of hospital stay.15-17,19 Literature supports the safe 
administration of high-dose TXA in patient populations 
with no contraindications.32 TXA dosing guidelines for 
pediatric surgery and trauma have been derived from the 
literature by Goobie and Faraoni33 These published guide-
lines include an intravenous bolus dose of 10-30 mg/kg 
followed by a maintenance infusion of 5-10 mg/kg/h.33 
Low-dose regimens can be considered for patients with 
relative contraindications as these doses are routinely ad-
ministered for various other surgical procedures without 
evidence of complications or adverse effects.15-17,19,32

•• The Role of Topical TXA. Topical TXA should be con-
sidered for patients with possible contraindications for 
intravenous TXA. Topical TXA provides high concentra-
tions of TXA locally and directly at the site of bleeding 
while avoiding systemic exposure. In a study done by 
Winter and colleagues32 it was suggested that topical 
TXA has similar hemostatic efficacy as intravenous TXA, 
coupled with a higher safety profile. Additionally, Xiong 
and coworkers found no significant differences in intra-
operative blood loss between systemic and topical TXA 
administration.34 In a related study, Liang and associates 
reported that patients treated with topical TXA exhib-
ited higher hemoglobin and hematocrit at discharge, had 
their drains removed sooner, and had shorter lengths of 
hospital stay than the placebo control group. Researchers 
also highlighted that the cost of TXA-soaked gel foam was 
approximately one-third of the price of an additional day 
of hospital stay. Patients who received topical TXA spent 
an average of 1.9 fewer days during their admission, re-
sulting in significant cost savings.35

The complementary use of topical TXA in conjunc-
tion with intravenous TXA may be an option in complex 
spine cases with anticipated significant bleeding. Studies 
conducted by Gulabi and colleagues36 and Zeng and col-
leagues37 concluded that the combined administration of 
topical and systemic TXA for total hip arthroplasty de-
creased overall total blood loss and transfusion require-
ments as compared with intravenous administration 
alone, without increased risk of thromboembolic events. 
Literature regarding combined therapy trials are sparse; 
however, early results are promising and warrant further 
investigation into dosing applications and guidelines.

CONCLUSION
Complex spine surgery is associated with substantial 
perioperative blood loss requiring blood transfusions. 
Due to the increase in morbidity and mortality associ-
ated with blood transfusion administration, management 
and prevention of blood loss during surgery is critical. 
TXA has become a mainstay for the prevention of blood 
loss for many surgical specialties and its use is becom-
ing more prevalent in complex spine procedures. TXA 
has been included in the World Health Organization’s 

list of essential medications for its utility in managing 
and preventing hemorrhage since 2011.38 Although nu-
merous studies have documented the effectiveness and 
high safety profile of TXA, to our knowledge there is no 
agreed-upon dosing regimen in the literature. Favorable 
recent studies have demonstrated superior bleeding 
control with the use of a high-dose TXA regimen during 
complex spine surgery, but additional research is re-
quired. Although the optimal dosing regimen for TXA 
remains elusive, the evidence for the use of TXA in 
complex spine surgery, including its high safety profile, 
efficacy, and wide availability, is compelling.3,5,15,38
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