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femur allows visualization of the entire proximal femur.  After release of periarticular 

structures, surgical dislocation of the femoral head allows enough visualization to 

properly landmark the femoral neck osteotomy site approximately one centimeter above 

the lesser trochanter.  Once the osteotomy is completed, the femoral head is excised and 

the shaft of the proximal femur translated posterolaterally.  The floor of the acetabulum is 

then visible, and preparation of the femoral and acetabular surfaces for implantation of 

the prosthesis can proceed. 

 

 
 

Figure 1.2: Modified Direct Lateral (Hardinge) Approach to the Hip Joint.  After the 
skin incision, an incision is made through the IT band and gluteal fascia (A).  The gluteus 
medius is divided, leaving a tendinous cuff attachment to the greater trochanter (B), 
exposing the gluteus minimus and capsular tissue layers (C).  Further incision through the 
gluteus minimus and capsule, followed by elevation of a muscular flap off the anterior 
proximal femur, allows dislocation of the femoral head and preparation for the femoral 
neck osteotomy (D). (Reproduced with permission and copyright © of the British 
Editorial Society of Bone and Joint Surgery from Hardinge, K. J Bone Joint Surg Br 
1982; 64-B(1): 17-19) 

A B  

C D  
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Although cement fixation of femoral and acetabular components was common practice in 

the past, and still has a role in primary THA for hosts with poor capacity for bony 

ingrowth, cementless (press-fit) fixation is the popular choice for the majority of North 

American surgeons.  The sequence of preparation of the femoral neck osteotomy and 

acetabular surfaces for implantation of cementless implants is surgeon-dependent.  For 

the acetabulum, all soft tissues, including the labrum, are excised to reveal the entire 

articular surface.  Reaming of the acetabulum, a process of excising degenerative 

acetabular cartilage and sclerotic bone using sequential reamers of increasing diameter, 

allows the creation of a bed and surrounding rim for fixation of the press-fit shell.  This 

shell will hold a highly cross-linked polyethylene liner, the acetabular bearing surface.  

On the femoral side, the intramedullary canal is first identified, and preparation of the 

canal allows for sizing of the final prosthesis.  Rotational and axial stability of the 

femoral implant is due to a secure fit of the prosthesis within the proximal femur.  

Modern implants have a modular femoral head component sitting on the femoral stem at 

the head-neck junction.  Trialing of various femoral head lengths allows for appropriate 

sizing.  This critical step is necessary in order to maintain appropriate implant stability, 

keeping in mind the patient’s soft tissue tension and leg length.  Once the final 

components are selected, implantation ensues, with subsequent closure of all tissue layers 

to complete the operative procedure. 
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Figure 1.3: Modern Cementless Total Hip Implant (in situ). The femoral component 
is press-fit into the proximal metadiaphyseal portion of the intramedullary canal.  The 
modular femoral head component articulates with the liner.  The acetabular shell is firmly 
seated into the reamed acetabulum. (Reproduced with permission and copyright © from 
Pivec, R et al. Lancet 2012; 380: 1768-77) 

 

1.3 Blood Loss During and After Total Hip Arthroplasty 

Despite the best intentions of the treating orthopaedic surgeon, complications are 

occasionally seen after THA.  Clinically significant blood loss often presents insidiously.  

The soft tissues in and around the hip, notably the significant adiposity in the subdermal 

layers of the thigh, make the THA patient vulnerable to a significant amount of 

unrecognized blood loss during and after the operative procedure.  Unlike in total knee 

arthroplasty (TKA), a tourniquet cannot be applied prior the operation given the proximal 

nature of the skin incision.  Best efforts to maintain intraoperative hemostasis are taken 

by the treating surgeon and anesthesiologist, in order to reduce bleeding into the 

postoperative period. 

1.3.1 Sources of Blood Loss During Total Hip Arthroplasty 

Importantly, bone ends that have been osteotomized have a propensity for continued 

bleeding into the postoperative period.  Unfortunately, the surgeon has limited options for 
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dealing with bleeding from vessels contained within bone, as neither electro-cautery nor 

suture ligation is effective at arresting the persistent ooze emanating from cancellous 

bone.  Both the femoral intramedullary canal and the periacetabular region contain a 

significant amount of cancellous bone.  In THA, bony blood loss arises from both the 

femoral neck osteotomy site and subchondral bone on the acetabular surface after the 

latter has been reamed.  Although implantation of final components in press-fit fashion 

does provide a mechanism for local tamponade of bleeding bone, in the absence of a 

competent clotting cascade continued hemorrhage may be significant enough to require 

transfusion of packed red blood cells, either autogenic or allogeneic.  Moreover, the 

direct lateral approach, trans-muscular by definition, does place the perforating 

intramuscular branches of the femoral arterial system at risk of injury.  Ruptured 

intramuscular arteries can retract into the muscle bed, making it particularly difficult to 

grasp and ligate the ends of the injured vessel intraoperatively. The above can occur 

without any overt external blood loss or hematoma formed in the visible superficial 

tissues surrounding the hip joint.  It is this slower, persistent bleeding that is targeted with 

the administration of antifibrinolytic agents in the perioperative period, as described in 

Section 1.4 and 1.5. 

Thankfully, vascular injury to the main branches of the iliac, femoral or obturator 

vascular system remains a rare complication of THA, estimated at 0.25%11, usually as a 

result of aggressive retractor placement in the antero-superior acetabulum and proximal 

femur.  The placement of acetabular screws is also a risk factor for intraoperative 

bleeding given the relative proximity to major blood vessels, as seen in Figure 1.5.  Deep 

drill or screw penetration can lead to vascular penetration, thrombosis, and significant 

amounts of intra-pelvic blood loss.  Although rare, this does represent another source of 

blood loss in THA.  Antifibrinolytics do not target these causes of massive intraoperative 

hemorrhage. 
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A  

B  

Figure 1.4: Common Femoral Artery and Major Branches Around the Hip.  
Proximal (A) and distal (B) extension of the external iliac and common femoral artery is 
visualized above.  Important anatomic relationships of relevance to the surgical approach 
for the hip are noted.  The smaller branches of the femoral arterial system are at risk 
during the direct lateral surgical approach. (Reproduced from Nachbur, B et al. CORR 
1979; 141: 122-132) 
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Figure 1.5: Relationship of Pelvic Vascular Structures to Surface Acetabular 
Landmarks.  For acetabular screw placement, the “safe zone” corresponds to the 
postero-superior quadrant of the acetabulum, where the only vascular risk is the superior 
gluteal artery.  “Danger zones” correspond to the antero-superior and antero-inferior 
quadrants, where the external iliac vessels and obturator pedicle lie in close proximity to 
the acetabular fossa.  (Reproduced with permission and copyright © from Springer, 
Feugier, P et al. Surg Radiol Anat 1997; 19(2): 85-90) 

 

1.3.2 Physiologic Response to Surgical Blood Loss 

The human response to blood loss is predictable.  If hypovolemia due to hemorrhage is 

significant, the initial response is to maintain cardiac output.  Until hypovolemia is 

corrected, a decrease in cardiac preload results in a decrease in stroke volume.  Heart rate 

increases proportionally to compensate for the lack of intravascular volume, and systemic 

vascular resistance decreases to reduce cardiac afterload.  Although transport of oxygen 

is presumed to be negatively affected by an acute loss of red blood cell mass, Weiskopf et 

al showed that in healthy conscious volunteers at rest, a drop in hemoglobin to 50 mg/dL 

did not result in a significant drop in oxygen carrying capacity or clinically significant 

tissue hypoxia12.  Although these represent important findings, the stress of major 

Anterior Posterior 
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orthopaedic surgery in the elderly arthroplasty patient is likely to produce significant 

biochemical changes affecting that individual’s physiologic capacity to respond to acute 

or subacute blood loss. 

The coagulation and fibrinolytic systems are the keystones of the human body’s inherent 

hemostatic mechanism.  Both pathways are termed cascades because of the hierarchical 

activation of serine proteases.  One receptor-ligand interaction triggers a coordinated set 

of downstream reactions, eventually leading to a stable clot.  The dynamic interplay 

between coagulation and fibrinolysis attempts to seal a bleeding vessel, while 

maintaining enough patency of the vascular lumen to allow nutrient delivery to 

downstream tissues.  Coagulation, as the name implies, performs the former function and 

occurs by interacting closely with the initial platelet plug to form a stable complex of 

macromolecules, or clot, over bleeding vessels.  Fibrin, the active form of the pro-peptide 

fibrinogen, plays an important role in the process of coagulation, forming an intricate 

network of cross-linked fibers within the platelet plug to form an insoluble clot.   On the 

other hand, fibrinolysis acts to break down this clot in order to maintain a patent 

intravascular lumen.  Here, plasmin plays a key role in breaking apart the cross-linked 

fibrin.  These cascades are outlined in Figure 1.6.  

Although the intrinsic pathway is an important contributor to coagulation, the extrinsic, 

or tissue factor-mediated coagulation pathway is predominantly responsible for the 

initiation and propagation of the coagulation cascade during and after surgical trauma.  

Tissue factor (TF), a macromolecule present in the subendothelial layer of blood vessels 

and in the extracellular environment, is not exposed to flowing blood unless there is 

vascular injury causing intimal damage.  TF is the receptor for factor VII (FVII), the 

latter flowing freely in the bloodstream.  FVII interact with TF only if TF becomes 

exposed to flowing blood; upon binding, FVII becomes activated (FVIIa), and 

subsequently interacts with factor X (FX).  FX, once activated, cleaves prothrombin to 

thrombin.  Thrombin, in turn, cleaves fibrinogen to fibrin, the active monomer 

contributing to a highly cross-linked mesh able to stabilize the initial platelet plug.  

Thrombin also catalyzes the conversion of factor XIII (FXIII) to its active form (FXIIIa), 

which is a necessary cofactor for cross-linking of fibrin monomers13. 
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Figure 1.6: Overview of the Coagulation and Fibrinolytic Cascades.  Tissue Factor is 
released when a blood vessel is injured.  The subsequent cascade of serine proteases leads 
to the conversion of prothrombin to thrombin, which converts fibrinogen to fibrin.  Under 
the influence of Factor XIIIa, fibrin monomers get cross-linked.  Fibrinolysis occurs upon 
binding of tissue plasminogen activator (tPA) to plasminogen, with subsequent 
conversion to plasmin. Plasmin then degrades the fibrin clot, with formation of fibrin 
degradation products. (Reproduced from McGilvray, ID and Rotstein, OD. Surgical 
Treatment: Evidence-Based and Problem-Oriented.  2001.  
http://www.ncbi.nlm.nih.gov/books/NBK6959/) 

 

Fibrinolysis is the counter-regulatory process that assures continued flow through the 

lumen of the bleeding vessel.  Plasminogen is the inactive precursor of plasmin, 

circulating in the bloodstream.  Conversion of plasminogen to its active form proceeds 

only once plasminogen binds to fibrin, where this zymogen adopts an open conformation.  

Only at this point is an activator, such as tissue plasminogen activator (tPA), able to bind 

the molecule and convert it to its active serine protease, plasmin.  Plasmin can then act to 



14 

 

cleave the fibrin cross-links, destabilizing the formed clot in order to ensure vessel 

patency14.  Fibrin degradation products (FDP) are formed upon cleavage of fibrin cross-

links. 

1.3.3 Hemostasis in Arthroplasty 

Total knee and total hip arthroplasty produce a significant amount of tissue trauma.  In 

TKA, postoperative hemostasis is largely influenced by the accelerated fibrinolytic 

reaction at time of tourniquet release15, 16.  The same is not seen in THA, as tourniquet 

application is not possible when operating on the hip joint.  Initiation of the coagulation 

cascade, with concurrent activation of the fibrinolytic system, begins from the time of 

initial of tissue trauma.  The surgeon is dependent on a number of surgical techniques to 

control blood loss in the surgical field during THA.  Suture ligation, electro-cautery and 

the application of synthetic sealant products and tissue glues are valuable tools available 

to the surgeon attempting to achieve intraoperative hemostasis.  Watertight closure 

techniques with the concomitant goal of decreasing dead space between tissue layers can 

also decrease the space available for collection of blood in the potential spaces around the 

hip joint. The anaesthesia team has a key role in identifying and treating surgical 

hypovolemia.  The administration of intravenous resuscitative fluids, vasoactive 

medications and the control of blood pressure contribute significantly to reducing 

intraoperative blood loss.  However, as mentioned in Section 1.3.1, not all sources of 

intra-operative blood loss are amenable to correction via these modalities. 

Bleeding in the postoperative period is further potentiated by the need for anticoagulation 

after lower extremity total joint arthroplasty.   Total hip and knee arthroplasty are 

considered procedures that carry a moderate-to-high risk of postoperative 

thromboembolic events.  A deep vein thrombus (DVT) can migrate proximally 

throughout the venous system to cause pulmonary emboli (PE), both considered major 

venous thromboembolic events (VTE).  If large enough in size, PEs can lodge in the 

pulmonary arterial tree, resulting in a ventilation-perfusion mismatch.  If the area of lung 

affected is large, or in the event of the dreaded saddle embolus blocking the confluence of 

the right and left pulmonary arteries, this can be a fatal complication of elective surgery. 

Commonly, a direct thrombin inhibitor such as rixaroxaban, or an agent in the low-
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molecular-weight heparin class such as dalteparin is indicated for the purpose of 

decreasing the incidence of these important, potentially life-threatening postoperative 

complications.  In respective guideline statements, the American College of Chest 

Physicians and the American Academy of Orthopaedic Surgeons both strongly endorse 

thromboembolic prophylaxis as standard of care after lower extremity total joint 

arthroplasty17, 18.  In a recent randomized clinical trial published in the New England 

Journal of Medicine, major VTE occurred in only 0.2% of 1595 participants receiving 

rivaroxaban, an absolute risk reduction of 1.7% when compared to the treatment group 

receiving enoxaparin, another oft-utilized thromboprophylactic agent19.  On the other 

hand, the incidence of asymptomatic DVT or PE is estimated at approximately 50% when 

prophylactic anticoagulation is not initiated in the postoperative period20.  The contrasting 

results of these studies emphasize the need for effective thromboprophylaxis after THA. 

Management of blood loss in arthroplasty is a significant challenge, not only because of 

difficulties in controlling the source of blood loss, but also because of a lack of 

therapeutic options in modulating the coagulation and fibrinolytic cascades to effectively 

decrease blood loss.  In attempts to stop bleeding, maintaining vessel patency and 

avoidance of dreaded thromboembolic complications are also critical factors to consider 

in the perioperative care of the arthroplasty patient.  Blood conservation protocols reflect 

these goals of treatment. 

 

1.4 Perioperative Blood Conservation 

1.4.1 Preoperative Anemia in the Total Hip Arthroplasty Patient 

The adverse effects of blood loss are complicated by the relatively high incidence of 

preoperative anemia in the arthroplasty patient population.  It is estimated that 

approximately 25 to 45 percent of patients proceeding to THA or TKA are anemic pre-

operatively21.  Preoperative use of NSAIDs causing subacute gastrointestinal blood loss 

and anemia of chronic disease are prevalent etiologies for anemia in the arthroplasty 

patient.  Preoperative anemia has been cited as a risk factor for postoperative infection, 

transfusion, and even mortality21.  In a landmark paper, Carson determined that “the 
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effect of blood loss on mortality was larger in patients with low preoperative hemoglobin 

than in those with a higher preoperative hemoglobin.”22 

 

The presence of concurrent medical comorbidities mandates a thorough preoperative 

medical review as a part of the evaluation of the perioperative evaluation for the 

arthroplasty patient.  Management of preoperative anemia, in particular, plays a large role 

in medical optimization prior to total joint arthroplasty.  As mentioned in Section 1.3.2, 

decreased oxygen carrying capacity from low red blood cell mass decreases the potential 

for aerobic metabolism in downstream tissues, increasing the risk for end-organ ischemia.  

Although this may not be a factor in young, healthy individuals, the typical elderly 

arthroplasty patient does not meet these criteria.  The heart is particularly vulnerable in 

this patient population.  The presence of ischemic heart disease, in addition to concurrent 

pharmacologic treatment with cardiogenic medications, decreases the intrinsic 

physiologic response to surgical stress. 

 

1.4.2 Risk of Perioperative Transfusion 

It is now understood that allogeneic transfusion for the treatment of anemia related to 

surgical blood loss should be avoided when possible.  In addition to cost and resource 

constraints, the current evidence shows an increased risk of surgical site, urinary tract and 

respiratory tract infections in patients that receive allogeneic blood in the postoperative 

period23-26.  Ongoing concerns regarding the safety of transfusing stored blood products 

have ushered in the use of restrictive transfusion algorithms for surgical patients, showing 

significant clinical benefit over the liberal transfusion of blood products in a number of 

high-quality studies in surgical and critically ill patients22, 27, 28.  A restrictive transfusion 

algorithm is in use at LHSC-UH; further details are provided in Chapter 3.5.3. 

1.4.3 Blood Conservation Modalities 

A multidisciplinary approach to blood conservation in total joint arthroplasty is 

paramount to optimal perioperative care of the arthroplasty patient. Although there exists 



17 

 

some heterogeneity in blood conservation protocols across centers, several common 

themes are present. 

Pharmacologic iron supplementation and the use of erythropoietin-stimulating agents 

(ESA) increase red cell mass prior to surgical intervention, with good efficacy and 

reasonable safety profiles21.  Both can have significant clinical benefits, especially if 

started over 3 weeks prior to surgery29.  Whereas iron supplementation has proven benefit 

with general ease of administration preoperatively, ESA can be a costly modality 

reserved for patients meeting strict diagnostic criteria.  Preoperative autologous blood 

transfusion, intraoperative cell salvage, and postoperative blood reinfusion strategies are 

moderately effective, and have been used as part of perioperative blood conservation 

protocols in the past.   However, these have decreased in popularity as a result of 

modalities that are less resource-intensive and of similar efficacy and safety30, 31.  A 

number of studies in both hip and knee arthroplasty have affirmed the clinical utility of 

antifibrinolytic agents, such as TEA, in reducing blood loss in the perioperative period.  

As evidenced in the following sections, these represent promising adjuncts to traditional 

blood conservation protocols, especially for the patient at risk of significant 

intraoperative blood loss. 

 

1.5 Antifibrinolytics 

The use of antifibrinolytic therapy in surgery has grown due to a number of inciting 

factors and events.  In recent years, the ever-increasing cost and incidence of transfusion-

related complications has ushered in widespread reluctance to the use of blood products 

in the perioperative setting.  Consequently, medical and surgical teams managing of the 

perioperative care of patients having surgical interventions with an elevated risk of blood 

loss have developed blood conservation protocols to decrease the reliance on allogeneic 

blood products for the treatment of surgical anemia.  Antifibrinolytics, such as TEA, 

epsilon-aminocaproic acid (EACA) and aprotinin, were first identified as useful adjuncts 

in cardiothoracic interventions, where a counter to the potent fibrinolysis-inducing effect 

of cardiopulmonary bypass was sought by surgeons and anaesthesiologists seeking better 
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control of perioperative bleeding.  After a number of high-quality studies showed good 

clinical effect with minimal risk to the patient32-34, orthopaedic surgeons began to 

institute antifibrinolytics prior to and during procedures carrying a significant risk of 

blood loss, lower extremity total joint arthroplasty included.  The following section 

provides an overview of the pharmacology inherent to antifibrinolytic therapy, and its 

role in the perioperative care of the arthroplasty patient. 

1.5.1 Lysine Analogues:  Tranexamic Acid and Epsilon-
Aminocaproic Acid 

Tranexamic acid and epsilon-aminocaproic acid comprise the lysine analogue class of 

antifibrinolytic agents.  They have identical mechanisms of action, with TEA displaying a 

six- to ten-fold increased affinity compared to the EACA moiety35, 36.  Owing to its high 

affinity and comparatively low cost, TEA has largely replaced EACA as the predominant 

lysine analogue used in major orthopaedic procedures. 

Lysine analogues prevent fibrinolysis.  The structural similarity to the amino acid lysine 

allows the drug to bind the lysine-binding site on plasminogen.  Under normal 

circumstances, plasminogen is a promoter of fibrinolysis when combined with tPA.  

Plasminogen subsequently gets converted to plasmin, with the active lysine-binding site 

on plasmin now able to interact with the active receptor on fibrin.  Plasmin can then 

break down cross-linked fibrin and dissolve insoluble mesh of fibrin holding the clot 

together.   TEA acts as a competitive inhibitor of plasminogen via action at this fibrin-

binding site.  Plasmin can no longer bind fibrin when TEA is bound to the lysine-binding 

site.  Fibrin remains cross-linked, stabilizing the formed clot and promoting local 

hemostasis (Figure 1.7). 
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Figure 1.7:  Mechanism of Action, Tranexamic Acid (and Epsilon-Aminocaproic 
Acid).  Due to structural similarities to lysine, both tranexamic acid and epsilon-
aminocaproic acid moieties competitively inhibit binding of fibrin to plasminogen via 
interaction at an active lysine-binding site.  Fibrinolysis is prevented, with concomitant 
stabilization of the fibrin clot.  (Reproduced with permission from Dunn, CJ and Goa, 
KL. Drugs 1999; 57: 1005-1032) 

 

The pharmacokinetic properties of the lysine analogues make this class of medication 

ideal for decreasing the short-lived intra-articular fibrinolytic response after lower 

extremity joint replacement surgery.  Both molecules rapidly diffuse across tissue planes, 

and are able to reach effective concentrations within the joint shortly after intravenous 

administration.  Studies in cardiac surgery have elucidated the pharmacokinetic and 

pharmacodynamic properties of intravenous TEA, sought after in attempts to find the 

safest and most effective dose. It has been determined that the distribution and 

elimination of TEA follows first-order kinetics, with a half-life of roughly 2 hours.  TEA 

is not bound to proteins in the systemic circulation, and is rapidly excreted in urine 

largely unchanged in chemical structure.  A serum concentration of 10-15 µg/mL 
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decreases fibrinolytic activity of plasmin by approximately 80%38.  Also, when 

administered via the topical or intra-articular routes, systemic absorption of TEA is 

reduced by approximately 70% of the equivalent intravenous dose39.  Because of renal 

elimination, dose adjustments are necessary in those with decreased kidney function, but 

not in those with hepatic impairment35, 36.  Other side effects, as well as local and 

systemic allergic reactions are rare complications of antifibrinolytic administration. 

1.5.2 Plasmin Inhibitors:  Aprotinin 

Aprotinin, a thrombin inhibitor derived from bovine lung tissue, has also been in total 

joint arthroplasty.  Its activity on the fibrinolytic cascade has yet to be fully elucidated, 

although it is postulated to exert most of its clinical effect indirectly by decreasing the 

activation of factor XII through an inhibitory effect on the kallikrein pathway.  The 

proteolytic activity of plasmin is also inhibited by aprotinin directly, although the 

mechanism is unclear40. 

In 2008, use of aprotinin was restricted in a number of countries, including both Canada 

and the United States, as a result of increased mortality when used in cardiac surgery.  

These results emanated from a large multi-center study, the Blood Conservation using 

Antifibrinolytics in a Randomized Trial (BART)41.  These same findings were not present 

when TEA was used for this same purpose.  Within the past two calendar years, the 

European Medicines Agency and Health Canada have reinstated aprotinin for use in 

cardiac surgery, but only in cases where an excessive amount of blood loss is expected.  

Given the increased cost as well as safety concerns related to use of aprotinin, it is no 

longer routinely used as an antifibrinolytic agent in orthopaedic surgery. 

 

1.6 Tranexamic Acid Administration in Total Hip Arthroplasty 

TEA is a versatile drug that has been used with therapeutic success in bleeding trauma 

patients42, gynecologic surgery, cardiac surgery43, 44, 33, 45, thoracic surgery34 and only 

more recently orthopaedic surgery.  Administration via the oral, topical, intra-articular 

and intravenous routes is described in each of these surgical fields.  As will be discussed 
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in Chapter 2, there is documented Level I evidence to support the use of TEA in both 

TKA and THA.  Although these procedures are inherently different in many ways, a 

review of the available evidence in TKA is essential to understand the rationale in the 

TeACH-R study design and the need to assess the clinical efficacy for intra-articular 

administration of TEA in THA. 

The comparative efficacy of intravenous and topical administration of TEA has never 

been assessed in patients undergoing THA.  TeACH-R is the short form for the study 

entitled Tranexamic Acid Comparison in Total Hip Replacement, a study developed at 

LHSC-UH powered to detect a clinically significant change in the hemoglobin drop after 

THA.  The purpose of the study is to perform a direct comparison of clinical efficacy 

between intravenous and topical administration of TEA, with the primary outcome 

measure of blood loss and drop in postoperative hemoglobin.  The standard of care at 

LHSC-UH, based predominantly on results of a 2010 retrospective review by Ralley and 

colleagues, is to administer a single dose of 20 mg/kg of TEA intravenously 10 minutes 

prior to skin incision for THA46.  This allows the solution to be infused completely before 

the start of the operation.  The drop in hemoglobin postoperatively was lessened, with a 

concomitant decrease in the rate of postoperative allogeneic blood transfusion.  However, 

an important study by Wong suggests that topical TEA administration in TKA has similar 

clinical benefit in terms of decreased blood loss and transfusion rate, with either a 1.5 

gram or 3 gram single-bolus dose administered prior to tourniquet desufflation.   In this 

study, plasma TEA levels drawn one hour after administration showed sub-therapeutic 

levels in the group receiving the 1.5 gram dose, indicating that even marginal plasma 

TEA levels can have good therapeutic effect in inhibiting the local fibrinolytic cascade 

without the risk that comes with elevated systemic load.  To the best of the investigators’ 

knowledge, a similar study has yet to be performed in THA, owing in large part to the 

lack of consistency in dosing and timing of administration in published studies examining 

TEA. 

Direct antifibrinolytic action on bleeding vessels and a decreased risk of arthroplasty-

related thromboembolic events (albeit theoretical) are potential advantages of 

administering TEA topically in THA.  The TeACH-R investigators decided to administer 
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TEA topically at the time of arthrotomy closure, as it provides a reproducible method of 

administering the medication without interfering with surgical time while maintaining 

therapeutic activity.  The goal is to target postoperative blood loss from intramuscular 

vessels and cancellous bone, in order to blunt the hemoglobin drop and reduce the need 

for transfusion of pRBCs.  By allowing the TEA solution to bathe the joint while the 

tissue layers are closed in succession, the drug is then given a significant of time to exert 

its clinical action.  A dose of 1.5 grams was chosen based on the results of previous 

studies showing no clinical benefit of a higher dose in total joint arthroplasty39.  Blood 

loss and complications in TeACH-R study participants receiving this topical regimen are 

compared to single-bolus intravenous TEA administration at 20 mg/kg, the standard of 

care at LHSC-UH.  Because the standard of care is an active agent with well-documented 

clinical efficacy, a placebo-controlled trial in this setting has significant ethical 

implications. 

We hypothesize that administering topical TEA at the time of arthrotomy closure will not 

show a significant drop in the postoperative hemoglobin or perioperative blood loss when 

compared to intravenous TEA administered prior to the start of THA. 

There is a significant body of evidence supporting the use of TEA over no antifibrinolytic 

therapy, whether it is administered intravenously or topically47.  Proceeding with this 

study is part of the process of determining which is the most effective therapeutic 

regimen for administering TEA in THA.  Not only will our results go a long way in 

optimizing blood conservation protocols for patients proceeding to THA at LHSC-UH, 

but this study will also allow others in the field to build on the current available 

knowledge base in order to gain the most clinical benefit of TEA while minimizing 

perioperative risk. 
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2 Literature Review 
 

The following provides a brief overview of the relevant studies that have contributed to 

the gradual increase in popularity of TEA as a valuable adjunct in perioperative blood 

conservation programs.  Only recently have appropriately powered clinical trials 

demonstrated clear benefit of administering TEA in both TKA and THA, regardless of 

whether the route of administration is intravenous (IV), intra-articular (IA) or topical. 

 

2.1 Intravenous Tranexamic Acid in Total Knee Arthroplasty 

Evidence supporting the use of TEA in lower extremity total joint arthroplasty first 

appeared in a small series of patients needing TKA, where Benoni et al showed that TEA 

would provide an effective counter to the hyperfibrinolytic reaction seen after tourniquet 

desufflation in TKA15.  Ease of use and ability to administer serial doses of TEA were 

seen as advantages to administering the drug intravenously, although early reluctance to 

implementing TEA came from clinical studies that questioned the earlier claims of 

efficacy in decreasing blood loss after knee replacement surgery.  Good et al assessed the 

effect of TEA on hidden blood loss in TKA using a 10 mg/kg dose of IV TEA given just 

before tourniquet release, concluding that the hemostatic agent reduced total blood loss 

and drain volume, but showed no discernable effect on reduction of hidden blood loss48.  

Larger, more recent studies have shown more promising results.  A European clinical 

trial provided Level I evidence supporting the clinical and economical benefits of IV 

TEA in TKA, stating that use of TEA in the perioperative setting reduced blood loss by 

approximately 600 mL compared to placebo, making postoperative autologous reinfusion 

unnecessary and cost-prohibitive when a restrictive transfusion protocol is enforced 

concurrently30.  In comparison to other traditional methods of intraoperative blood 

conservation, when two separate formulations of fibrin glue were compared to IV 

administration of TEA in a recent clinical trial, TEA was deemed to be the only effective 

agent in decreasing drain and calculated blood loss49. 
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Although a general consensus exists supporting the benefits of IV TEA in TKA, 

significant heterogeneity exists between studies with regards to treatment regimens and 

outcome measures, making it difficult to reliably assess the true clinical effect of 

adjunctive antifibrinolytic therapy.  The ideal protocol with regards to dosing and timing 

of administration has yet to be fully elucidated, although recent evidence suggests 

improved control of postoperative blood loss with serial administration of TEA during 

the perioperative period.  In order to clarify this conflicting data, Maniar and colleagues 

designed a trial comparing four separate modes of TEA administration. In their study, 

patients receiving preoperative, intraoperative and postoperative administration of IV 

TEA at 10 mg/kg/dose had the least drain output and total blood loss compared to the 

group who received either one or two doses of the drug perioperatively, suggesting that 

serial dosing allows for optimal perioperative efficacy50.  A prospective study by Alvarez 

et al also showed that a cohort of TKA patients receiving IV TEA as a bolus prior to 

tourniquet release supplemented by a 1 mg/hr infusion for 6 hours postoperatively had 

significantly decreased levels of drain and total calculated blood loss.  In this study, the 

quoted number needed to treat to avoid one unit of blood transfused (autologous or 

allogeneic) is 9.2, further highlighting the efficacy of IV TEA in decreasing blood loss 

and rate of transfusion for patients having TKA51.   

Logistical barriers do, however, make timed serial dosing strategies and continuous bolus 

infusion difficult to administer, especially as the arthroplasty patient transitions to the 

postoperative recovery phase.  There are single-bolus regimens that have shown to be 

safe effective and safe.  A large-scale retrospective review of TKA cases performed 

before and after the implementation of a perioperative TEA protocol, consisting of a 

single IV TEA dose of 20 mg/kg prior to tourniquet release, showed significant 

reductions in hemoglobin drop and blood transfusion rates postoperatively46.  The higher 

dose used in this protocol, much like other studies of relevance, did not show any 

clinically significant increase in thromboembolic complications. 
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2.2 Topical Tranexamic Acid in Total Knee Arthroplasty 

There is also Level I evidence to support the use of topical TEA for reduction of blood 

loss after TKA.  A recent clinical trial showed equivalent efficacy of a 1.5 and 3-gram 

topical TEA solution in reducing calculated blood loss by factor of approximately 25% 

compared to placebo39.  In this study, a valuable addition to the clinical trial protocol is 

the biochemical analysis of plasma levels of TEA, measured one hour after 

administration in all treatment groups.  The 1.5-gram topical dose resulted in significantly 

lower systemic load than the group receiving the higher dose, with no differences in the 

desired clinical effect.  In a further attempt to contrast the effect of the different routes of 

administration on postoperative blood loss, Seo and colleagues published results of their 

three-armed prospective cohort study demonstrating modest improvements in hemostasis 

and drain output in the treatment arm receiving IA TEA, when compared to both IV TEA 

and placebo52.  Although the latter group was only administered IV TEA after the 

surgical site was closed, this study provides further evidence in support of IA or topical 

administration of TEA in TKA.  A review of recent studies examining the use of TEA in 

TKA is presented in Table 2.1. 

Table 2.1: Selected Studies Evaluating the Use of Tranexamic Acid in Total Knee 
Arthroplasty. 
Treatment Arms Blood Loss Transfusion Complications 
Good et al (2003)48 

1. IV TEA bolus 10 mg/kg at 
tourniquet release + repeat 10 
mg/kg bolus 3 hours later; n=27. 
2. Placebo; n=24 

TEA < placebo 
(total) 

 
TEA = placebo 

(hidden) 

TEA < placebo TEA = placebo 

Alvarez et al (2008)51 
1. IV TEA 1 gram bolus at 
tourniquet release + 1 mg/kg/hr 
infusion for 6 hours postop; n=46 
2. Placebo; n=49 

TEA < placebo 

TEA < placebo 
(alloRBC) 

 
TEA < placebo 

(autoRBC) 

NR 

Ralley et al (2010)46 
1. IV TEA bolus 20 mg/kg bolus at 
incision; n=150 
2. Placebo; n=145 

TEA < placebo TEA < placebo TEA = placebo 

Wong et al (2010)39 
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Treatment Arms Blood Loss Transfusion Complications 

0. Placebo; n=35 
T1. Topical TEA 1.5 grams at 
closure; n=31 
T2. Topical TEA 3 grams at 
closure; n=33 

T1 < placebo 
 

T2 < placebo 
 

T1 = T2 

TEA = placebo TEA = placebo 

Charoencholvanich and Siriwattanasakul (2011)53 
1.  IV TEA 10 mg/kg pre-
tourniquet inflation + repeat 10 
mg/kg bolus 3 hours postop + 500 
mg TID orally x 5 days postop; 
n=50 
2.  Placebo; n=50 

TEA < placebo TEA < placebo TEA = placebo 

Maniar et al (2012)50 
0. Placebo; n=40 
T1. IV TEA bolus 10 mg/kg at 
tourniquet release; n=41 
T2. IV TEA bolus 10 mg/kg at 
tourniquet release + repeat 10 
mg/kg bolus 3 hours postop; n=42 
T3. IV TEA bolus 10 mg/kg prior 
to tourniquet inflation + repeat 10 
mg/kg bolus at tourniquet release; 
n=42 
T4. IV TEA bolus 10 mg/kg prior 
to tourniquet inflation + repeat 10 
mg/kg bolus at tourniquet release + 
repeat 10 mg/kg bolus 3 hours 
postop; n=41 
LA. Topical TEA 3 grams at 
closure; n=41 

LA < T1 
 

T3 < placebo 
 

T4 < placebo 
 

LA < placebo 

TEA = placebo TEA = placebo 

Seo et al (2012)52 

1. IA TEA 1.5 grams at closure; 
n=50 
2. IV TEA bolus 1.5 grams at 
closure; n=50 
3. Placebo; n=50 

IA < placebo 
 

IV < placebo 
 

IA < IV 

IA < placebo 
 

IV < placebo 
 

IA = IV 

IA = IV 
 

IA = placebo 
 

IV = placebo 

Aguilera et al (2013)49 
1. BSTC Fibrin Glue; n=42 
2. Tissucol; n=41 
3. IV TEA bolus 1 gram x 2, first 
dose prior to tourniquet inflation, 
second dose prior to tourniquet 
release; n=41 
4. Placebo; n=42 

TEA < placebo 
 

TEA < fibrin 

TEA < fibrin 
 

fibrin = placebo 

TEA = fibrin = 
placebo 

Georgiadis et al (2013)54 
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Treatment Arms Blood Loss Transfusion Complications 
1. Topical TEA 2 grams at closure; 
n=50 
2. Placebo; n=51 

TEA < placebo TEA < placebo TEA = placebo 

Konig et al (2013)55 
1. IA TEA 3 grams at closure; 
n=130 
2. Placebo; n=29 

TEA < placebo TEA < placebo NR 

Alshryda et al (TRANX-K; 2013)56 
1. Topical TEA 1 gram at closure; 
n=79 
2. Placebo; n=78 

TEA < placebo TEA < placebo TEA = placebo 

Oremus et al (2014)30 

1. IV TEA bolus 1 gram at incision 
+ repeat 1 gram bolus 3 hours later; 
n=29 
2. Placebo; n=27 

TEA < placebo 
(intraoperative) 

 
TEA < placebo 

(drain loss) 

IV TEA < 
placebo 

(autoRBC) 
 

IV TEA = 
placebo 

(alloRBC) 

TEA = placebo 

*IV: Intravenous TEA.  IA: Intra-Articular TEA.  AutoRBC: Autologous Blood Reinfusion.  
AlloRBC: Allogeneic Blood Transfusion.  “<”: Less than.  “=”: Equal to.  NR: Not Reported. 

 

2.3 Intravenous Tranexamic Acid in Total Hip Arthroplasty 

Like in TKA, IV TEA has been shown to be effective, safe, and relatively easy to 

administer to patients undergoing primary THA.  Appropriate timing of IV TEA 

administration is paramount.  One of the first studies on the subject was a small double-

blinded trial by Benoni, concluding no benefit with regards to blood loss when the drug 

was infused after implantation of the prosthesis57.  A similar placebo-controlled study 

demonstrated that IV TEA administered prior to the start of the procedure showed 

significant benefit for both intra- and postoperative blood loss in the treatment group58.  

Although the sample size in these clinical trials is small, the contrasting results highlight 

the importance of appropriate timing of administration. 

Variation also exists in the published protocols for IV administration of TEA during 

THA.  There does not appear to be strong benefit of either a single-dose or multi-dose 

regimen when the drug is used in hip surgery.  A retrospective review of five separate 
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regimens of IV TEA in THA showed benefit in decreasing drain output when 

administering the drug prior to skin incision with a repeat bolus dose 6 hours later59.  In 

contrast, a study published in 2005 by Johansson demonstrated that a single dose of 15 

mg/kg, given at the start of the procedure, is effective in decreasing calculated blood loss 

and the need for transfusion in the postoperative period60.  Similarly, at our institution, 

we demonstrated a significant benefit with regards to decreased rate of transfusion when 

a single bolus dose of 20 mg/kg given prior to skin incision was used in THA.  In this 

latter study, the postoperative drop in hemoglobin was attenuated in the cohort of patients 

having received IV TEA, in addition to an observed decrease in the rate of postoperative 

allogeneic blood transfusion46. 

 

2.4 Topical Tranexamic Acid in Total Hip Arthroplasty 

Although limited, evidence supporting the use of topical TEA in THA continues to grow.  

Preliminary evidence emanating from a randomized controlled trial by Konig et al 

demonstrates that a protocol of topical TEA administered topically at three intraoperative 

steps during THA (after acetabular preparation, femoral broaching, and at closure of the 

arthrotomy) provides significant reductions in blood loss compared to placebo, with a 

negligible reduction in transfusion rate55.  The European TRANX-H study also provides 

Level I evidence for use of topical TEA in primary THA, noting a significant decrease in 

transfusion rate in the group receiving 1 gram of topical TXA infiltrated into the joint 

prior to arthrotomy closure compared to placebo56.  The evidence for routine use of 

topical TEA, however, lags behind the literature available for topical or intra-articular 

TEA in TKA.  Higher-powered clinical trials are needed to further evaluate the efficacy 

and safety of administering TEA topically in THA.  A review of recent studies examining 

the use of TEA in THA, administered both intravenously and topically, is presented in 

Table 2.2. 
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Table 2.2: Selected Studies Examining the Use of Tranexamic Acid in Total Hip 
Arthroplasty. 
Treatment Arms Blood Loss Transfusion Complications 
Benoni et al (2000)57 
1. IV TEA bolus 10 mg/kg at closure + 
repeat 10 mg/kg bolus 3 hours later; 
n=20 
2. Placebo; n=19 

TEA = placebo TEA = placebo TEA = placebo 

Ekback et al (2000)58 

1. IV TEA bolus 10 mg/kg at incision + 
repeat 10 mg/kg bolus 3 hours later; 
n=20 
2. Placebo; n=20 

TEA < placebo 
(intraoperative) 

 
TEA < placebo 
(postoperative) 

NR TEA = placebo 

Husted et al (2003)61 

1. IV TEA bolus 10 mg/kg bolus at 
incision + 1 mg/kg/hr x 10 hours 
postop; n=20 
2.  Placebo; n=20 

TEA = placebo 
(intra-operative) 

 
TEA < placebo 
(postoperative) 

 
TEA < placebo 

(total) 

TEA < placebo TEA = placebo 

Garneti et al (2004)62 

1. IV TEA bolus 10 mg/kg bolus at 
incision; n=25 
2. Placebo; n=25 

TEA = placebo 
(intraoperative) 

 
TEA = placebo 
(postoperative) 

TEA = placebo TEA = placebo 

Johansson et al (2005)60 
1. IV TEA bolus 15 mg/kg at incision; 
n=47 
2. Placebo; n=53 

TEA < placebo TEA = placebo NR 

Niskanen et al (2005)63 
1. IV TEA bolus 10 mg/kg bolus at 
incision + repeat 10 mg/kg bolus q8h x 
2; n=19 
2.  Placebo; n=20 

TEA < placebo NR TEA = placebo 

Yamasaki et al (2005)64 

1.  IV TEA bolus 1 gram bolus at 
incision; n=21 
2.  Placebo; n=21 

TEA = placebo 
(intra-operative) 

 
TEA < placebo 
(postoperative) 

NR TEA = placebo 

Ralley et al (2010)46 
1.  IV TEA bolus 20 mg/kg bolus at 
incision; n=109 
2.  Placebo; n=89 

TEA < placebo TEA < placebo TEA = placebo 
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Treatment Arms Blood Loss Transfusion Complications 
McConnell et al (2011)65 
1.  IV TEA bolus 10 mg/kg at incision; 
n=22 
2.  Fibrin spray; n=22 
3.  Placebo; n=22 

TEA < placebo 
 

TEA = fibrin 
NR NR 

Imai et al (2012)59 

T0. Placebo; n=22 
T1. IV TEA 1 gram at closure; n=24 
T2. IV TEA bolus 1 gram at closure + 
repeat 1 gram bolus 6 hours later; n=20 
T3. IV TEA bolus 1 gram at incision; 
n=25 
T4. IV TEA bolus 1 gram at incision + 
repeat 1 gram bolus 6 hours later; n=26 

T3 < placebo 
(intraoperative) 

 
T4 < placebo 

(intraoperative) 
 

T3 < placebo 
(postoperative) 

 
T4 < placebo 

(postoperative) 

TEA = placebo NR 

Alshryda et al (TRANX-H; 2013)56  
1. Topical TEA 1 gram at closure; n=80 
2. Placebo; n=81 TEA < placebo TEA < placebo TEA = placebo 

Konig et al (2013)55 
1. Topical TEA 3 grams in divided 
doses; n=91 
2. Placebo; n=40 

TEA < placebo TEA < placebo NR 

Oremus et al (2014)30 

1. IV TEA 1 gram bolus at incision + 
repeat 1 gram bolus 3 hours later; n=20 
2. Placebo; n=22 

TEA = placebo 
(intraoperative) 

 
TEA < placebo 
(postoperative) 

TEA < placebo 
(autoRBC) 

 
TEA = placebo 

(alloRBC) 

TEA = placebo 

*AutoRBC: Autologous Blood Reinfusion.  AlloRBC: Allogeneic Blood Transfusion.  NR�: Not 
Reported. 

 

2.5 Thromboembolic Risk of Perioperative Antifibrinolytic 
Therapy 

To date, multiple systemic reviews, meta-analyses and randomized clinical trials, 

including thousands of patients, have failed to demonstrate an increased risk of 

thromboembolic events when TEA is used in primary TKA or THA, as outlined in Table 

2.3.  Based on the results of these studies, the risk remains theoretical.  Perhaps the most 

convincing evidence comes from a systematic review published in 2009, showing no 
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significant difference in rates of reported thromboembolic events in 949 patients 

receiving antifibrinolytic therapy as adjunctive therapy prior to TKA or THA66.  Caution 

must be taken when interpreting these studies; patient selection remains an important step 

when considering the use of tranexamic acid.  Although not always clearly stated, most 

published series in TKA and THA exclude potential subjects with a medical history of 

coagulopathy, cerebrovascular event(s), or any thromboembolic event.  In some studies, 

patients having undergone cardiac stenting, as well as females on long-term estrogen 

replacement therapy have also been excluded from receiving TEA.  Further evidence is 

needed to supporting the administering of TEA in these higher-risk patient populations, 

for any of the documented routes of administration. 

Table 2.3: Systematic Reviews and Meta-Analyses Assessing Antifibrinolytics in 
Lower Extremity Total Joint Arthroplasty. 

Procedure Comparison No. 
Studies Blood Loss Transfusion Complications 

Ho and Ismail (2003)67 
1° TKA 
1° THA 

1. IV TEA 
2. Placebo 12 TEA < placebo TEA < placebo TEA = placebo 

Cid and Lozano (2005)68 

1° TKA 1. IV TEA 
2. Placebo 9 NR TEA < placebo NR 

Gill and Rosenstein (2006)69 

1° TKA 
RevTKA 
1° THA 
RevTHA 

1. IV TEA + 
Apr 
2. IV TEA 
3. Apr 
4. Placebo 

13 

All < placebo 
(intraoperative) 

 
All < placebo 

(total) 

All = placebo All = placebo 

Zufferey et al (2006)70 
1° TKA 
RevTKA 
1° THA 
RevTHA 
Spine 
Tumor 

1. IV AFlytic 
2. Placebo 

23 Apr 
20 TEA 
2 EACA 

NR 

Apr < placebo 
 

TEA < placebo 
 

EACA = 
placebo 

AFlytic = 
placebo 

Kagoma et al (2009)66 

1° TKA 
1° THA 

1. IV AFlytics 
(Apr, TEA and 
EACA) 
2. Placebo 

29 AFlytic < 
placebo 

AFlytic < 
placebo 

AFlytic = 
placebo 

Sukeik et al (2011)71 

1° THA 
1. IV TEA 
2. Placebo or 
other AFlytic 

11 
TEA < placebo 
(intra-operative) 

 
TEA < placebo TEA = placebo 
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Procedure Comparison No. 
Studies Blood Loss Transfusion Complications 

TEA < placebo 
(postoperative) 

Gandhi et al (2013)72 

1° TKA 
1° THA 

1. TEA (IV, 
IA or Top) 
2. Placebo 

29 IV 
3 IA 

1 Top 
TEA < placebo TEA < placebo TEA = placebo 

Zhou et al (2013)73 

1° THA 1.  IV TEA 
2.  Placebo 19 

TEA < placebo 
(intraoperative) 

 
TEA < placebo 
(postoperative) 

TEA < placebo TEA = placebo 

*EACA:  Epsilon-Aminocaproic Acid.  Apr: Aprotinin.  IV: Intravenous.  IA:  Intra-Articular.  
AFlytic: Antifibrinolytic (includes TEA, EACA, and Apr). �NR: Not Reported.  
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3 TeACH-R Trial Methodology 
 

The purpose of our study is to compare the clinical efficacy of TEA given both 

intravenously prior to skin incision and topically at the time of arthrotomy closure during 

THA.  A single-blinded, parallel group randomized controlled trial (RCT) forms the basis 

of our investigation.  During the Study Initiation, Recruitment and Data Collection Phase, 

the study is colloquially termed the Tranexamic Acid Comparison in Hip Replacement 

(TeACH-R) Trial. 

 

3.1 Clinical Trial Design 

Well-designed randomized controlled trials provide sound Level I evidence for or against 

the use of a particular intervention, in accordance with the Oxford Centre for Evidence-

Based Medicine 2011 Levels of Evidence74.  Our study design uses a parallel group 

design, with one treatment arm receiving intravenous TEA, the other receiving topical 

TEA.   There is no placebo group in this trial; the active comparator is the intravenous 

tranexamic acid group, as this route of administration is considered the standard of care 

for primary THA at London Health Sciences Centre, University Hospital (LHSC-UH). 

3.1.1 Ethics Board Approval 

The Western University Health Science Research Ethics Board (HSREB#104559) and 

the Lawson Health Research Institute Clinical Impact Research Committee (CRIC#R-14-

130) have approved the TeACH-R Trial for use of human participants in clinical 

research.  Documentation of HSREB approval is provided in Appendix B.  The clinical 

trial has also been registered into the public domain on clinicaltrials.gov 

(NCT#02056444). 

3.1.2 Source of Funding 

The TeACH-R Trial is supported by a Resident Research Grant (RRG) valued at $5000 

Canadian Dollars, distributed as part of the Internal Research Fund from the Western 
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University Department of Surgery.  No other sources of external funding were required to 

support the administrative or logistical needs of the study. 

3.1.3 Randomization 

Randomization assures that best efforts are made to equalize treatment groups with 

regards to demographic variables and expected prognosis.  By allocating enrolled study 

participants to separate treatment groups, bias for treatment outcome is minimized.   

Inclusion and exclusion criteria help to define those patients screened for study inclusion 

by identifying factors that are known determinants of outcome.  Minimizing bias related 

to unknown or uncontrollable determinants of outcome is corrected for by allocating to 

treatment groups on a random basis. 

There are a number of ways to randomize effectively.  Computer-generated random 

sequencing programs offer a straightforward and reliable method.  Sealed opaque 

envelope concealment is also effective, and easy to administer.  With the latter technique, 

however, there is the potential for error or investigator-driven allocation if envelopes are 

improperly sealed, or if the result of the allocation is visible through the envelope.  We 

proceeded with sealed-envelope concealment, ensuring that tamper-proof manila 

envelopes were opened in succession. 

In an attempt to keep even numbers between the treatment groups, a block randomization 

protocol was used.  For every 20 participants enrolled into the study, 10 were to be 

randomized to the intravenous TEA group, and 10 to the topical TEA group.  

Randomization to receive either intravenous or topical TEA during primary THA 

occurred prior to the start of the procedure.  As outlined in Section 3.2.3, verbal consent 

was obtained via telephone conversation with the potential participant prior to the 

operative date.  Once verbal consent was confirmed, randomization to one of the two 

treatment arms proceeded. 

3.1.4 Blinding 

Blinding, as it relates to clinical trial research methodology, refers to the awareness of 

treatment group allocation for study participants.   A study is single-blinded if either the 
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participant or investigator is unaware of treatment group allocation.  A double-blinded 

study, on the other hand, implies that both the participant and investigator are blinded.  

The TeACH-R trial is blinded to patients only, as all outcome measures are objective in 

nature.  TeACH-R investigators responsible for consent, randomization and data 

collection do not direct patient care.  Patients may, however, be biased to disclose 

relevant medical information in the postoperative period if left unblinded.  Willingness to 

disclose an adverse event could be influenced by patient perception, should he or she 

know which treatment group they have been allocated to.  For example, a participant may 

feel that there is an increased risk of thrombotic events with the intravenous TEA; the 

threshold to seek investigations for swelling or leg pain might be lower than if the 

participant was not blinded to the treatment received.  The investigators have designed 

the study to decrease this reporting bias; patients can only find out by which route they 

have received the drug after the final outpatient follow-up, at 3 months after total hip 

replacement.  Data was unblinded at a specific time point after recruitment (April 1, 

2014) in order to perform interim statistical analysis.  All outcome measures are objective 

in nature, with no potential of introducing bias into the data collected as part of the 

TeACH-R study protocol.  Only the primary author (R.P.N.) holds access to the data; 

consultant surgeons contributing to study development are not granted access to view, 

edit or input data pertaining to the TeACH-R trial. 

3.2 Recruitment 

The recruitment phase for the TeACH-R trial began in April 2014 and is ongoing. The 

process of approaching and enrolling potential participants is outlined below. 

3.2.1 Eligibility 

The goal of this study is to capture primary total hip arthroplasty (THA) patients who 

would otherwise be receiving IV TEA as the standard of care at our institution.  Inclusion 

criteria are meant to represent the typical patient proceeding to elective THA, and are 

listed in Table 3.1.  Five of seven fellowship-trained arthroplasty surgeons at LHSC-UH 

participated in the study.  Two surgeons abstained from study participation.  One surgeon 

cited an unwillingness to administer any intra-articular agent during arthroplasty, while 
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the other utilizes a direct anterior approach for primary THA in patients with a body mass 

index (BMI) below 40 kg/m2.  Above this level, it was felt by this surgeon that the risk of 

postoperative wound problems was significant enough to warrant a direct lateral 

approach, where the incision line is away from the inguinal crease and abdominal pannus 

(personal correspondence).  As this is not the surgeon’s preferred approach to a primary 

THA, and that the baseline risk of complications in morbidly obese patients is 

significantly different than the population targeted with the proposed intervention75, the 

investigators decided to exclude this surgeon’s patients from TeACH-R study 

participation.  Patients from these two consultants were not screened nor contacted by the 

TeACH-R investigators. 

Table 3.1: TeACH-R Trial Inclusion Criteria. 
1. Primary total hip arthroplasty. 
2. Primary diagnosis of osteoarthritis, rheumatoid arthritis, or avascular necrosis affecting 

the operative hip joint. 
3. Age over 18 years. 
4. Plan for cementless hip implant system. 
5. Plan for modified direct lateral (Hardinge) approach, in the lateral decubitus position. 
6. Medically fit for elective surgery. 
7. Consent obtained for blood product administration. 
8. Ability to read and write in the English language. 

 

If the criteria for TeACH-R study inclusion were met at this stage, the subject was 
considered a potential study participant, but could still be disqualified from study 
participation if he or she met any of the exclusion criteria listed in  

Table 3.2.  Exclusion criteria are focused on THA patients with additional risk factors for 

venous thrombotic events (VTE) as well as those with atypical diagnoses requiring THA.  

Patients at higher risk of VTE require thorough medical review prior to treatment with 

TEA, and do not represent the population targeted with this intervention.  The therapeutic 

safety of TEA has not been thoroughly studied in patients at moderate- and high-risk; 

investigators have expressed concern in administering a clot-stabilizing drug to a high-

risk patient undergoing a moderate- to high-risk procedure. 
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Table 3.2: TeACH-R Trial Exclusion Criteria. 
1. Primary total hip arthroplasty for the treatment of acute hip fracture. 
2. Primary diagnosis of post-traumatic osteoarthritis (including those with or without the 

need for removal of hardware prior to prosthetic implantation), or Charcot arthropathy in 
the operative hip joint. 

3. History of developmental dysplasia of the hip, slipped capital femoral epiphysis or Legg-
Calvé-Perthes disease in the operative joint. 

4. Simultaneous bilateral primary THA. 
5. History of VTE in last 12 Months, for any reason. 
6. Lifelong anticoagulation prescribed or recommended for prior VTE. 
7. Concurrent active malignancy receiving chemo- or radiation therapy, or having received 

said therapy in the past 12 months. 
8. Mechanical cardiac valve requiring lifelong therapeutic anticoagulation. 
9. Drug-eluting cardiac stenting within the previous two years to treat coronary artery 

disease, with ongoing clopidogrel (Plavix) therapy. 
10. Documented coagulopathy, blood dyscrasia, or hematologic condition/malignancy. 
11. Documented diagnosis of hemochromatosis with elevations of hemoglobin above normal 

range (> 170 mg/dL), or requiring recurrent phlebotomy. 
12. Documented allergy to TEA. 
13. Preoperative autologous blood donation. 
14. Inability to attend scheduled follow-up appointments with the treating surgeon. 
15. Participation in a concurrent research study at the time of THA 

 

Atypical presentation of degenerative hip disease as a consequence of disease processes 

such as developmental dysplasia of the hip (DDH), slipped capital femoral epiphysis 

(SCFE) and Legg-Calvé-Perthes disease (LCPD) are relatively rare.  These pathologies 

tend to affect patients decades earlier than the typical sufferer of OA, given the 

manifestation of these conditions in childhood.  Younger patients typically have 

competent hematopoietic and cardiovascular systems, and are typically better able to 

withstand the physiologic stress of major orthopaedic surgery compared to those of 

advanced age.   However, this population may still glean benefit from a reduced risk of 

transfusion, especially in young females of childbearing age.  The risk of development of 

autoantibodies possibly affecting future pregnancies is not insignificant in a young 

female after transfusion of blood products.  However, the surgical procedure is often 

more involved than the standard THA, due to the longstanding nature of hip pathology 

with consequent anatomic abnormalities.  In LCPD and SCFE, altered femoral head 

shape can lead to significant bone loss in and around the acetabulum.  Surgeons 

incorporate structural bone grafts or metallic augments to support the implanted 


