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A B S T R A C T

Objectives: To evaluate the effectiveness of antifibrinolytics tranexamic acid (TA), ε-aminocaproic acid (EACA),
and aprotinin to decrease overuse of red blood cell transfusions in adult surgical and non-surgical patients.
Methods: This review followed the Centers for Disease Control and Prevention (CDC) Laboratory Medicine Best
Practice (LMBP™) Systematic Review (A-6) method. Eligible studies were assessed for evidence of effectiveness
of TA or EACA in reducing the number of patients transfused or the number of whole blood transfusions.
Results: Seventy-two articles met LMBP™ inclusion criteria. Fifty-six studies assessed Topical, Intra-articular
Injection, or Intravenous TA, 4 studied EACA, and 12 studied the effectiveness of aprotinin. The overall strength
of the body of evidence of effectiveness for each of these practices was rated as high.
Conclusion: LMBP™ recommends the use of topical, intra-articular injection, or intravenous tranexamic acid and
the use of ε-aminocaproic acid for reducing overuse of red blood cell transfusion.

1. Introduction

Blood loss is a major concern in many surgical and non-surgical
medical conditions [1]. Total surgical blood loss may range from 1.5 to
2 l in some orthopedic procedures, with up to 40% of patients requiring
postoperative transfusions [2]. Perioperative transfusions are asso-
ciated with major morbidity and mortality [3] including risks for in-
fection and prolonged length of hospital stay [4,5]. Preoperative
planning is foundational to reducing or avoiding perioperative allo-
geneic transfusion. A complete patient history may discover clinically
important disorders in hemostasis – e.g., excessive bleeding during
prior surgical and dental procedures, epistaxis, menorrhagia, dis-
proportionate bleeding with major trauma, and easy bruising or joint
muscle swelling after minor trauma [6]. In addition to an appropriate
patient history, a general multimodal approach to blood conservation,
involving surgical, and pharmacological considerations includes the use

of antifibrinolytics to reduce perioperative transfusion and periopera-
tive morbidity [7].

Three antifibrinolytics are important therapeutic modalities for re-
ducing blood loss and transfusions in surgical and nonsurgical settings
[6]. They are the serine protease aprotinin (AP), the synthetic lysine
analogues tranexamic acid (TXA), and epsilon aminocaproic acid
(EACA).

Aprotinin was introduced in clinical practice in the 1950's for
treatment of fibrinolysis associated with pancreatitis carcinoma. In the
early 1990's, it was often used in complex cardiac surgery because it
was shown to substantially reduce blood loss in 22 patients undergoing
open-heart surgery [8]. However, aprotinin use ended with the pub-
lication of the BART (Blood Conservation using Antifibrinolytics in a
Randomized Trial) trial which associated it with increased risk of death
of patients. Aprotinin was withdrawn from the market in May 2008 [9].
However, the BART trial data was later called into question and Health
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Canada published a safety review of aprotinin in September 2011 which
concluded that in non-complex cardiac surgery aprotinin's benefits may
outweigh their risks [10]. Aprotinin is currently available in Canada for
restricted use in isolated coronary bypass graft surgery [11]. After a
review of the risks and benefits of antifibrinolytic drugs the European
Medicines Agency (EMA) also recommended, in February 2012, lifting
the suspension of aprotinin [12]. The FDA has not restored the use of
aprotinin for reduction of blood loss in surgical procedures in the US.

The removal of AP in the US lead to EACA and TXA being the most
commonly used antifibrinolytics for reducing blood loss for cardiac and
non-cardiac surgery [7]. When given orally both EACA and TXA are
readily absorbed from the gastrointestinal tract and rapidly excreted in
urine. TXA and ECAC are used commonly in the reduction of perio-
perative bleeding in both cardiac and non-cardiac surgery [13,14].

As a part of the patient blood management program, hospital la-
boratories have a critical role in red blood cell transfusion reduction.
The blood bank laboratory can achieve this goal by working in part-
nership with surgeons, anesthesiologists, nurses and pharmacists to
monitor and document blood use based on the antifibrinolytic type, and
administration mode in surgical and non-surgical procedures.

In this review, we assess the effectiveness of TXA and EACA in
different routes of administration (intravenous, intra-articular and to-
pical) for reducing the number of red blood cell transfusions and the
number of units transfused using the Laboratory Medicine Best Practice
(LMBP) Systematic Review A-6 Method [15]. Since aprotinin is cur-
rently prohibited in the United States, we include findings for aprotinin
in the supplemental materials (see Supplement E), but do not make a
recommendation for or against its use in reducing RBC transfusion
overuse.

2. Methods

The LMBP A6 method was designed to assess and summarize evi-
dence from to identify evidence-based practices which improve patient
safety and laboratory medicine quality [15]. Following a strategy
consistent with GRADE standards [16], the LMBP method assesses the
quality, quantity, and consistency of evidence across studies and can
include evidence generated through multiple study formats. An ex-
perienced review coordinator manages the review while trained staff
abstract and summarize study findings and procedures using a stan-
dardized summary form. For each LMBP review, an expert panel is
convened. Members are selected based on their diverse perspectives
and expertise in clinical medicine, laboratory management, and evi-
dence review methods (Supplement A). This panel provides individual
and collective input on the systematic review conduct, results inter-
pretation, and drafts preliminary recommendations for the LMBP
workgroup. The multidisciplinary LMBP workgroup (which consists of
medical professionals with expertise in laboratory medicine, clinical
practice, health services research, and health policy evidence; Supple-
ment B) conducts an independent review of the draft recommendations
and provides the final language for the recommendation.

2.1. ASK (A1): What practices are effective in reducing RBC transfusion in
surgical and nonsurgical adult patients?

The LMBP systematic review process began with the review team
conducting an initial assessment of the literature on LMBP workgroup-
proposed topics and drafting initial population, intervention, com-
parator and outcome (PICO) statement(s) that the literature might an-
swer. The workgroup reviews the topics and PICO statement and pro-
vided feedback. Based on this feedback, the PICO statement was refined
(see Fig. 1) and the CDC Division of Laboratory Sciences selected RBC
transfusion overuse as a priority quality gap that could be addressed
through systematic review and formal practice recommendations.
Three general categories of interventions to reduce transfusion overuse
were identified by the expert panel and are presented in separate

papers: the use of antifibrinolytics (this report), anemia management
practices [17], and restrictive transfusion policies (in press) [131].

Population1: Orthopedic and Cardiac Surgical adult patients.
Intervention: Aprotinin, TA, and EACA in different administration

modes (intravenous, intra- articular and topical).
Comparator: No perioperative antifibrinolytics used.
Outcomes: Number of patients transfused and/or number of RBC

units transfused.

2.2. ACQUIRE (A-2): Literature search and request for unpublished quality
assurance studies

This LMBP™ systematic review sought to identify and retrieve all
English-language research articles assessing the effectiveness of apro-
tinin and the lysine analogue antifibrinolytics in reducing overuse of
RBC transfusion. Using PubMed, EMBASE and CINAHL we searched
articles published in English between 1990 and 2016. The initial search
found 2073 citations and abstracts which were screened against elig-
ibility criteria by two reviewers. All articles likely to contribute to the
review were retrieved for full text review. Bibliographies from the re-
trieved articles were screened for additional evidence, and we con-
ducted outreach to identify the grey literature and obtain unpublished
quality assurance studies. In addition to searching the open web for
grey literature, author searches were conducted on Open Grey, the New
York Academy of Science Grey Literature Producers List, the National
Library of Medicine, and the HHS Dictionary of Health Organizations.
In addition, a call for unpublished studies was promoted through the
CDC's LMBP's website. The search strategies for both the published and
grey literatures is available in Supplement C.

Based on LMBP systematic review criteria [15], a total of 72 pub-
lished articles on the impact of antifibrinolytics on the percent of pa-
tients transfused or the number of units transfused were identified and
included in the review. Thirteen articles presented findings on the ef-
fectiveness of aprotinin, 57 on the effectiveness of tranexamic acid, and
4 on the effectiveness of EACA. The literature flow diagram is shown in
Fig. 2.

To avoid confusion, we distinguish between “articles” and “studies.”
An “article” describes a single report or publication. An article can
contain one or several “studies,” defined as a unique intervention ap-
plied to a unique study-sample. In meta-analysis, evidence is con-
structed at the study level, with each study contributing one re-
presentative finding to the synthesis. While LMBP recommendations are
developed based on the entire body of evidence contributing to the
review, whenever possible standardized measures of impact, “effect
sizes,” were generated to document the magnitude and direction of
intervention impact.

2.3. APPRAISE (A-3): Screening and evaluation of individual studies

Two independent reviewers conducted all literature screening, ab-
straction, and evaluation. Results were compared and differences were
resolved through discussion and consensus. These processes reduced
subjectivity and potential for bias. Article titles and abstracts were
screened for their potential to contribute to the review and were re-
trieved if they appeared to report on the effectiveness of a practice to
reduce the proportion of patients receiving blood transfusions and/or
the number of units of allogeneic blood transfused. All articles which
provided quantifiable estimates of an intervention's impact on the
outcomes of interest were eligible, even if their results could not be
standardized and included in the meta-analysis [15]. References for all
included studies are provided in the Bibliography.

All eligible studies were abstracted using a standardized data

1 Excluded populations are pediatrics, pregnancy, gynecologic bleeds, trauma
bleeds, and patients with genetic diseases.
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Fig. 1. Quality problem and PICO statement.
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Fig. 2. Antifibrinolytics literature flow diagram.
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abstraction form, and abstraction forms for the included studies are
provided in Supplement D. Abstracted studies are then evaluated for
research quality in accordance with LMBP methods which assess the
likely generalizability of the findings and their potential for bias [15].
When study quality is rated Good or Fair, the study findings are con-
sidered when developing the recommendation. Poor quality studies do

not contribute to the recommendation. Because not all study results are
amenable to quantitative synthesis, the measured impact of each study
on the outcome is given a qualitative rating of Substantial, Moderate, or
Minimal/None [15]. These summary judgments are then summarized in
a body of evidence table (Table 1). Both the qualitative and quantitative
findings are used to determine the consistency and pattern(s) of results

Table 1
Body of evidence: antifibrinolytics and ε-aminocaproic acid.

Study Quality/effect size Sample Setting Time period

Intravenous tranexamic acid
[18] Aguilera 2012 Good/Substantial N=68 Hosp de la Santa Creu, Barcelona, Spain 2006–2010
[19] Álvarez 2008 Good/Substantial N=95 Hospital del Mar, Barcelona, Spain 3/2005–12/2005
[20] Aslam 2015 Good/Substantial N=254 Quaid –e-Azam Int Hospital, Islamabad 1/2012–12/2014
[21] Bagsby 2012 Good/Substantial N=103 University of Louisville, KY Not described
[22] Baker 2015 Good/Substantial N=844 St Michael Hosp, Toronto Canada 5/2013–4/2014
[23] Camarasa 2006 Good/Moderate N=127 Hosp de Mataro Barcelona, Spain 3/2004–3/2005
[24] Charoencholvanich 2011 Good/Substantial N=50 Siriraj Hospital, BangKok, Thailand 3/2008–5/2008
[25] Claeys 2007 Fair/Substantial N=40 Not Provided Not Provided
[26] Craik 2014 Good/Substantial N=248 Epsom General Hospital, Surry, UK 2009–2012
[27] Diprose 2005 Good/Substantial N=180 Southampton University Hospitals NHS Trust, Southampton, UK 1/2002–2/2003
[28] Endres 2011 Good/Min-None N=97 Not provided 1/2009–12/2010
[29] Gautam 2013 Fair/Substantial N=27 Lok Nayak Hospital, New Delhi, India Not provided
[30] Greiff 2012 Good/Substantial N=64 St. Olav University Hospital, Trondheim, Norway
[31] Hogan 2016 Good/Substantial N=173 Univ Colorado Hosp, Aurora, CO 11/2012–10/31/2013
[32] Huang 2016 Good/Substantial N=108 West China Med Cntr, Chengdu, China 3/2012–12/2014
[33] Johansson 2005 Good/ Moderate N=100 Linoping University & Kamar Hospital, Sweden 9/2002–12/2003
[34] Karski 2005 Good Moderate N=312 Toronto Gen Hospital, Ontario, Canada Not provided
[35] Karam 2013 Good/Substantial N=87 Riddle Mem Hospital, Media, PA 12months–not specified
[36] Kazemi 2010 Good/Substantial N=64 Not specified 2006–2008
[37] Kim 2014 Good/Substantial N=326 Not specified 9/2009–5/2011
[38] Kopanidis 2016 Good/Substantial N=200 Austin Hosp, Victoria, AU 2011–2013
[39] Kumar 2013 Good/Substantial N=200 Inst Med Edu & Res, Chandigarh, India 2011–2012
[40] Later 2009 Good/Moderate N=298 LUMC University Hospital,, Leiden, The Netherlands 6/2004–10/2006
[41] Liu 2017 Good/Substantial & Min-None N=10,321 159 hospitals in Taiwan 2007–2012
[42] Lozano 2008 Good/Substantial N=414 Hosp ClinicProvincial, Barcelona, Spain 1–3/2005; 5–9/2005
[43] MacGillivray 2011 Fair/Moderate N=60 American Hosp, Dubai, UAE Not specified
[44] Maniar 2012 Fair/Moderate N=200 Not specified 8/2010–4/2011
[45] McGoldrick 2015 Good/Substantial N=200 Tallaght Hospital, Dublin, Ireland Not described
[46] Mohib 2015 Good/Substantial N=100 Aga Khan Hospital, Karachi, Pakistan 5/2014–10/2014
[47] Molloy 2007 Good/Substantial N=150 Musgrave Park Hospital Belfast, Northern Ireland 12/2004–10/2005
[48] Mutsuzaki 2012 Good/Substantial N=140 Ichihara Hospital, Ibaraki, Japan 57months
[49] Niskanen 2005 Fair/Moderate N=39 Paijat- Hame Hosp, Heinola, Finland 2003
[50] Orpen 2006 Good/Moderate N=29 North Hampton, General Hospital UK Not specified
[51] Ortega-Andreu 2011 Good/Substantial N=132 La Paz Hospital at Cantoblanco, Madrid, Spain 4/2008–5/2009
[52] Pongcharoen 2016 Fair/Min-None N=109 Thammasat University, Thailand 2011–2013
[53] Rajesparan 2009 Good/Moderate N=73 Royal Infirmary – Edinburgh, Scotland Not specified
[54] Ralley 2010 Good/Substantial N=493 London Hlth Sci Cntr, Ontario CN 04–06/2007; 04–06/2008
[55] Raviraj 2012 Fair/Substantial N=175 Fortis Hospitals, Bangalore, India Not specified
[56] Santos 2006 Good/Moderate N=60 Not specified 03–06/2001
[57] Sepah 2011 Good/Substantial N=99 Aga Khan University, Karachi, Pakistan 11/2005–11/2008
[58] Shi 2013 Good/Substantial N=552 7 Medical Cntrs in China 1/2010–6/2011
[59] Taghaddomi 2009 Good/Substantial N=100 Chaem Hospital- Mashad, Iran 10/2006–9/2007
[60] Volquind 2016 Good/Substantial N=62 Hospital Pompeia de Cazias Do Sul, Brazil 6/2012–5/2013
[61] Wang 2016 Good/Substantial N=124 West China Hospital, Sichuan University 9/2014–11/2014

Intra-articular injection tranexamic acid
[62] Alshryda 2013 Good/Substantial N=161 North Tees, Stockton, UK 2009–2010
[63] Chen 2016 Fair/Substantial N=100 Singapore Gen Hosp Not provided
[64] Goyal 2016 Good/Substantial N=1981 Setting unclear 2009–2014
[65] Onodera 2012 Good/Substantial N=100 Hokkaido, Japan 2006–2009
[66] Oztas 2015 Good/Substantial N=90 Bursa High Specialty, Turkey 2012–2013
[67] Sa-ngasoongson 2011 Good/Substantial N=48 Ramathibodi Hosp, Thailand 9/2008–10/2009
[68] Tahmasebi 2014 Good/Substantial N=100 Teharan Univ Hosp, Iran 4/2013–4/2014
[69] Xu 2015 Good/Substantial N=224 1stAffiliatHosp, Nanchang, CN 3/2013–2014

Topical Tranexamic Acid
[70] Georgiadis 2013 Good/Substantial N-101 Henry Ford Hospital, Detroit MI 6/2011–9/2012
[71] Konig 2013 Good/Substantial N=290 Univ of Pittsburg Med Cntr, PA 9/2010–3/2012
[72] Martin 2014 Good/Substantial N=100 Genesis Med CNTR, West Central Park, IA 1/2012–6/2012
[73] Wind 2013 Good/Substantial N=2069 Not specified 1/2009–5/2012

Epsilon amino-caproic acid
[74] Berenholtz 2009 Good/Substantial N=182 Johns Hopkins, Baltimore, MD 2001–2006
[75] Kikura 2006 Good/Moderate N=100 Emory Hospital, Atlanta, GA Not provided
[23] Camarasa 2006 Good/Substantial N=127 Hosp de Mataro, Barcelona, Spain 3/2004–3/2005
[76] Kreisler 2005 Good/Moderate N=67 Univ Kansas Hosp, Kansas Not provided
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across studies and to assess the overall strength of the body of evidence
for establishing practice effectiveness (High, Moderate, Suggestive, and
Insufficient).

As mentioned, all studies of good or fair quality contribute to the
review, and findings from contributing studies were converted to a
common metric, the effect size, whenever possible. When studies re-
ported on the proportion of patients transfused these findings were
transformed, when necessary, to odds ratios (OR). The OR documents
the relative odds of the outcome (i.e., the odds of receiving an allo-
geneic transfusion given the practice relative to the odds of receiving an
allogeneic transfusion absent the practice). An OR<1 indicates that
the tested practice is more effective than the comparator while an
OR>1 indicates the comparator is more effective than the tested
practice in reducing the proportion of patients transfused. The differ-
ence in RBC units transfused, being a continuous measure, was trans-
formed into the d-statistic, the standardized difference in means. The d-
score is centered on zero and has a standard deviation of 1. The d-score
is calculated using the following formula:

=d X X
S

G G

p

1 2

where XG1 is the mean of the treatment group, XG2 is the mean of the
comparison group, and Sp is the two groups pooled standard deviation.
When the d-score is negative, fewer RBC units are transfused in the
treatment group relative to the comparison group; a positive d-score
indicates the treatment group received more RBC units transfused re-
lative to the comparison group. As a rule of thumb, d-scores of 0.2 (or
−0.2 depending on the direction of coding) are considered small ef-
fects, 0.5 are considered moderate, while 0.8 or larger are considered
large [77]. However, these standards should be interpreted in the
context of the phenomena being measured. A small effect may be
meaningful if the intervention is inexpensive and an undesired outcome
prevented.

Random effects meta-analysis is used to combine evidence from
individual studies to calculate an estimate of the overall impact of the
practice (the grand mean) and calculate a 95% confidence interval for
each intervention and outcome [78]. Random effects assume that each
study is sufficiently unique as to estimate a unique population value
and the results from random effects modeling are considered general-
izable to unmeasured populations [79]. Forest plots are used to display
each study's results and the overall average impact of the practice
provided at the bottom of each plot.

Sampling theory tells us to expect variation in study results due to
sampling error. If study results vary more than expected from sampling
error, then the distribution is said to be heterogeneous, suggesting real
differences in impact which may be attributable to differences in study
sample, the internal or external context of the study, or other factors
influencing implementation or intervention execution. When hetero-
geneity is observed, the total variability of a results distribution can be
split into that expected from within-study differences and between-
study differences. The percent of total variability associated with be-
tween-study differences is estimated using I2 [80]. I2 is calculated as
follows:

=I Q k
Q

100% ( 1)2

where Q= the homogeneity test statistic, and k=the number of in-
dependent studies. I2 between 0.1% and 25% is considered small het-
erogeneity, 50–74% is considered medium heterogeneity, and an I2 of
75% and above is considered large heterogeneity [80,81].

3. Results

Seventy articles provided lysine analogue data on the effectiveness
of TXA and EACA in reducing RBC transfusion preoperatively in

orthopedic and cardiac surgeries. Thirteen articles assessed the effec-
tiveness of aprotinin in reducing red blood cell transfusion. A range of
dosages and methods of administration assessed the effectiveness of
TXA in reducing patient transfusion and the number of units transfused.
In the following analyses, we summarize the overall effectiveness of
these antifibrinolytics by mode of administration. Treatment doses are
noted in study descriptions in the forest plot.

Most of the intravenous TXA studies were performed outside of the
USA and had small to moderate numbers of participants in the studies,
however, a significant number of studies were randomized control trials
[19,23–25,27,30,33,34,36,37,40,43,46,47,49,52,53,55,56,59,61]. The
largest single center study of 844 participants within 1 year was from
one Canadian institution [22]. Seven medical centers in China reported
the next largest number of study participants in 1 year [58] while
Taiwan reported over ten thousand participants over a 5 year period
from 159 hospitals [41]. Only three studies were conducted in the US
[21,31,35] and the time period for the actual practice periods was
uncertain in two of three studies [21,35].

The four studies performed on topical application of TXA were from
the USA [70–73]. Studies on EACA in this review tended to be older,
based on surgical procedures performed between 2001 and 2006. Two
of the four EACA studies were randomized controlled trials [23,75] and
three were performed in the USA [74–76]. Of the eight intra-articular
TXA studies, four were randomized controlled trials [62,66,67,69].

3.1. Intravenous (IV) TA

Of the 44 articles assessing the effectiveness of IV-TXA in reducing RBC
transfusion in patients, 34 were related to orthopedic surgical procedures
(knee and/or hip) [18–25,29,31–33,35–38,41–55,57,61,66,73], 5 were
related to cardiovascular procedures [34,40,56,58,59], one study was on
patients undergoing percutaneous nephrolithotomy [39]; and one was on
patients experiencing degenerative spinal stenosis and instability [28].
Intravenous TXA dosages used were primarily 10mg/kg [19,21,23,24,
31,37,42–44,55,56,61]; 15mg/kg [25,32,33,36,38,39,43,46,61], or
20mg/kg [22,35,54].

Thirty-seven of the articles [18–24,26–28,30–37,39–42,45–48,
50,51,53,54,56–61] received a study quality rating of “Good,” while
seven were rated “Fair” [25,29,43,44,49,52,55]. Qualitative ratings of
the impact of intravenous TXA found 31 studies showing substantial
reductions in RBC transfusion overuse [18–22,24–27,29–32,35–39,
42,45–48,51,54,55,57–61], 10 returned moderate reductions
[23,33,34,40,43,44,49,50,53,56], and 3 returned minimal to no re-
duction in RBC transfusion overuse [28,41,52]. Based on the body of
evidence summary in Table 1, there is High overall strength of evidence
for the intravenous TXA practice [15].

The 44 IV-TXA reports produced 52 independent effect sizes on the
impact of IV-TXA on the percentage of patients transfused. While there
is significant heterogeneity in the distribution of effects (I2= 69.70%),
the majority of studies returned significant positive results in support of
using of intravenous TXA to reduce the percentage of patients trans-
fused (Fig. 3). Overall, based on random effects modeling, IV-TXA re-
duces significantly and substantially the proportion of patients re-
ceiving RBC transfusions (mean OR=0.264; 95% CI: 0.215–0.324;
p < .001). Eighteen reports provided 25 independent effect sizes for
the reduction in units transfused using IV-TXA (Fig. 4). Results from
these studies are highly heterogeneous (I2= 89.31%) and the random
effects overall impact in reducing overuse of red blood cell units of
transfused among surgical and nonsurgical adult patients is substantial
and significant (mean d=−0.553; 95% CI: −0.706 to −0.400;
p < .001).

3.2. Intra-articular injection TA

Eight articles assessed the effectiveness of intra-articular injection
TXA in reducing overuse of RBC transfusion [62–69]. All articles
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returned substantial effects favoring the use of intra-articular injection
TXA and all but one [63] were judged to be of “Good” quality. There is
High overall strength of evidence for the use of intra-articular injection
TXA based on the body of evidence summary in Table 1. The 8 articles
produced 9 independent effect sizes on intra-articular injection TA's
impact on reducing percentage of patients transfused (mean
OR=0.284; 95% CI: 0.218–0.370; p < .001) and the distribution of
results is homogeneous (I2= 0.00%; Fig. 5) suggesting that results do
not vary more than would be expected from sampling error. Only two of
the intra-articular injection TXA articles provided meta-analyzable
evidence on the reduction in units transfused [63,69]. The results are
again homogeneous (I2= 0.00%) showing a significant overall impact
in reducing the number of RBC units of transfused (mean d=−1.053;
95% CI: −1.308 to −0.798; p < .001; Fig. 6).

3.3. Topical TA

Topical use of TXA to reduce RBC transfusion overuse was assessed
in 4 articles [70–73]. All studies were determined to be of Good quality
and returned substantial effects favoring the use of topical TA. Based on
the body of evidence summary in Table 1, there is High overall strength
of evidence for the use of intra-articular injection TA. Five independent

effect sizes were abstracted from 4 of the articles [70–73] on topical
TA's impact on reducing percentage of patients transfused. The dis-
tribution of results was heterogeneous (I2= 68.38%) with an overall
random effects mean favoring the use of topical TXA to reduce the
percentage of patients transfused (mean OR=0.089; 95% CI:
0.015–0.511; p= .01; See Fig. 7). Only one study provided meta-ana-
lyzable evidence on the reduction in units transfused through use of
topical TXA [71]. For both total hip and knee arthroscopy, topical TXA
significantly and homogeneously reduced the number of RBC units
transfused (mean d=−0.643; 95% CI: −0.922 to −0.365; p < .001;
See Fig. 8).

3.4. Epsilon Amino-Caproic Acid (EACA)

Four good studies assessed EACA's impact on reducing overuse of
RBC transfusion. Two studies were judged to substantially reduce RBC
transfusion [23,74] and two had moderate effects [75,76]. Three stu-
dies [23,75,76] provided nearly homogeneous estimates (I2= 2.81%)
of the significant impact of EACA on the number of patients transfused
(mean OR=0.430; 95% CI: 0.221–0.836; p= .01; Fig. 9). The three
studies on EACA's impact on reducing the number of RBC units trans-
fused [23,74,75] returned homogeneous result (I2= 0.00%) favoring

Fig. 3. Intravenous tranexamic acid: patients transfused.
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Study name Intervention Patients Outcome Statistics for each study Std diff in means and 95%  CI

Std diff Lower Upper 
in means limit limit p-Value

Bagsby 2012 TA-I 10 mg/kg BL- TKA # Units Transfused -1.432 -1.777 -1.087 0.000
Camarasa 2006 ECA TKR # Units Transfused -0.548 -0.985 -0.112 0.014
Camarasa 2006 TA TKR # Units Transfused -0.848 -1.282 -0.414 0.000
Camarasa 2006 TA & ECA TKR # Units Transfused -0.772 -1.133 -0.411 0.000
Camarasa 2006 TA-I 10 mg/kg TKR # Units Transfused -0.848 -1.282 -0.414 0.000

Charoencholvanich 2011 TA 10 mg/kg UL- TKA # Units Transfused -1.428 -1.867 -0.989 0.000
Diprose  2005 TA 5g Coronary # Units Transfused -0.299 -0.659 0.060 0.103
Gautman 2013 TA-I TKA # Units Transfused -1.435 -2.281 -0.588 0.001

Greiff 2012 TA 10 mg/kg CABG # Units Transfused -0.507 -1.009 -0.004 0.048
Johansson 2005 TA 15 mg/kg THA # Units Transfused -0.583 -0.984 -0.182 0.004

Karam 2013 TA 20 mg/kg BL-TKA # Units Transfused -0.739 -1.178 -0.300 0.001
Kazemi 2010 TA 15 mg/kg Cement-less THA # Units Transfused -0.679 -1.183 -0.175 0.008

Kim 2013 TA 10 mg/kg BL-TKA # Units Transfused -0.181 -0.506 0.144 0.276
Kim 2013 TA 10 mg/kg UL-TKA # Units Transfused -0.468 -0.764 -0.171 0.002

Kuan-Lin 2016 TXA TKR # Units Transfused 0.000 -0.072 0.072 1.000
Liu 2016 TA 250-1000 mg TKA # Units Transfused 0.000 -0.060 0.060 1.000

Lozano 2008 TA 10 mg/kg TKA # Units Transfused -0.408 -0.788 -0.028 0.036
Molloy 2007 TA 500 mg TKR # Units Transfused -0.297 -0.691 0.097 0.140
Molloy 2007 TFS TKR # Units Transfused -0.183 -0.576 0.210 0.361

Mutsuzaki 2012 TA-I TKA # Units Transfused -0.692 -1.033 -0.351 0.000
Raviraj 2012 TA-I Bl-TKA # Units Transfused -0.355 -0.654 -0.056 0.020
Sepah 2011 TA 1000 mg Bl-TKR # Units Transfused -0.789 -1.545 -0.033 0.041
Sepah 2011 TA 1000 mg Ul-TKR # Units Transfused -0.696 -1.180 -0.212 0.005

Shi 2013 TA 10 mg/kg CABG # Units Transfused -0.419 -0.588 -0.251 0.000
Volquind 2016 TA 2.5 IV TKR # Units Transfused -0.319 -0.673 0.035 0.077

-0.553 -0.706 -0.400 0.000

-2.00 -1.00 0.00 1.00 2.00

Random Effects Grand Mean 

Fig. 4. Intravenous tranexamic acid: units transfused.

Study name Intervention Patients Outcome Statistics for each study Odds ratio and 95%  CI

Odds Lower Upper 
ratio limit limit p-Value

Alshryda 2013 TA THR % PT Transfused 0.302 0.134 0.680 0.004

Alshryda 2013 TA T THR % PT Transfused 0.302 0.134 0.680 0.004

Craik 2014 TA 1gm UL-TKA % PT Transfused 0.538 0.211 1.369 0.193

Goyal 2016 TA 300 mg TKA % PT Transfused 0.270 0.191 0.382 0.000

Onodera 2012 TA 1000 mg TKA % PT Transfused 2.042 0.179 23.266 0.565

Oztag 2015 TA 15mg/10mg/kg Ul - TKR % PT Transfused 0.043 0.002 0.792 0.034

Sa-ngasoongson 2011 TA-I 250 mg CAS-TKR % PT Transfused 0.087 0.010 0.765 0.028

Tahmasebi 2014 TA-IA 1500 mg TKA % PT Transfused 0.102 0.005 1.952 0.130

Xu 2015 TA IA 3g Ul-THA % PT Transfused 0.227 0.088 0.584 0.002

0.284 0.218 0.370 0.000

0.01 0.1 1 10 100

Random Effects Grand Mean 

Fig. 5. Intra-articular injection tranexamic: patients transfused.

Study name Intervention Patients Outcome Statistics for each study Std diff in means and 95% CI

Std diff Lower Upper 
in means limit limit p-Value

Chen 2016 TA 1500 mg TKA # Units Transfused -0.796 -1.401 -0.190 0.010

Xu 2015 TA IA 3g Ul-THA # Units Transfused -1.108 -1.390 -0.827 0.000

-1.053 -1.308 -0.798 0.000

-2.00 -1.00 0.00 1.00 2.00

Random Effects Grand Mean 

Fig. 6. Intra-articular injection tranexamic: units transfused.
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the use of EACA to reduce the number RBC units transfused (mean
d=−0.339; 95% CI: −0.546 to −0.132; p < .001; Fig. 10).

4. Discussion

Patient blood management is focused on holistic patient manage-
ment which includes minimizing patient transfusion requirements and
decreasing the risk of adverse transfusion-related events [82]. The
studies summarized in this review overwhelmingly show that fewer
patients experience transfusion and limited blood supplies are con-
served when antifibrinolytics are administered. The use of anti-
fibrinolytics, administration mode and dose for reducing blood loss is
determined by the patient's clinical history, hospital and treatment
protocols, and physician's judgment tailored to the anatomical area for
treatment. Laboratories may also play a role. Viscoelastic tests such as
thromboelastography (TEG) and rotational thromboelastometry
(ROTEM) have been recommended to help detect, manage and monitor
hemostasis during and after cardiac surgery [83] and may help guide
transfusion decisions for trauma patients [84,85]. Similarities, differ-
ences, and the interpretation of these tests for trauma-related transfu-
sion is discussed elsewhere [85]. To reduce the risk of perioperative
blood transfusion, preoperative interventions to ensure anemia man-
agement prior to surgery is very important [17]. Perioperative blood
conservation interventions are particularly important among high-risk
subpopulations. These include those with advanced age, small body
size, with multiple comorbidities and those on antithrombotic drugs. In
each of these situations, blood conservation strategies will likely in-
clude antifibrinolytic therapy [86].

Most often, TXA is administered intravenously and off-label
(without approval by the U.S. Food and Drug Administration; FDA).

TXA is used for a variety of conditions and to prevent or reduce blood
loss during hip, knee, cardiac, facial, and spinal surgery as well as ce-
sarean section and trauma. [87]. TXA has a high therapeutic index and
is included in the list of essential medicines that has been compiled by
the World Health Organization [88]. Most of the studies in this review
assess administration modes of TXA therapy in orthopedic surgery ra-
ther than cardiac surgery. Assuming therapeutic equivalence in redu-
cing perioperative bleeding in cardiac surgery, US institutions reverted
to the lysine analogs since the withdrawal of aprotinin. Used often in-
terchangeably, these agents have not been re-evaluated in con-
temporary practice [89].

As documented in this review and others, antifibrotics are effective
in reducing blood loss for many clinical applications [90–97]. However,
many questions on other clinical effects of TXA remain to be answered.
These include the anti-inflammatory response to cardiopulmonary by-
pass, the association of dosage levels with thromboembolic events and
with adverse neurological effects such as seizures, and TA's morbidity
and mortality. Clinical trials are necessary on the safety and use of TXA
in various clinical settings [98,99].

In vitro studies demonstrate that TXA has a 6 to 10 times greater
affinity for plasminogen/plasmin than EACA [100–102], and this dif-
ference is reflected in their clinical dosing. Typical “low dose” TXA is 10
to 20mg/kg compared to EACA dosages which range from 75 to
150mg/kg [103]. At this time, TXA is FDA-approved to decrease he-
morrhage associated with tooth extraction in hemophiliacs, and the
indications discussed in this review are off-label [104]. The FDA label
for EACA is more general, stating the medication is approved to en-
hance “hemostasis when fibrinolysis contributes to bleeding” [105; p.
4].”

Study name Intervention Patients Outcome Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit p-Value

Georgidis  2013 TA 2.0 g TKA % PT Transfused 0.105 0.005 1.994 0.133

Konig 2013 TA 20 mL THA % PT Transfused 0.017 0.002 0.132 0.000

Konig 2013 TA 3 g TKA % PT Transfused 0.029 0.001 0.578 0.020

Martin 2013 TA-T TKA/THA % PT Transfused 0.651 0.226 1.875 0.427

Wind 2013 TA-T TKA % PT Transfused 0.070 0.004 1.138 0.062

0.089 0.015 0.511 0.007

0.01 0.1 1 10 100

Random Effects Grand Mean 

Fig. 7. Topical tranexamic acid: patients transfused.

Study name Intervention Patients Outcome Statistics for each study Std diff in means and 95% CI

Std diff Lower Upper 
in means limit limit p-Value

Konig 2013 TA 20 mL THA # Units Transfused -0.708 -1.090 -0.327 0.000

Konig 2013 TA 3 g TKA # Units Transfused -0.569 -0.976 -0.162 0.006

-0.643 -0.922 -0.365 0.000

-1.00 -0.50 0.00 0.50 1.00

Random Effects Grand Mean 

Fig. 8. Topical tranexamic acid: units transfused.
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4.1. Economic evaluation

An economic evaluation on studies in this review was not performed
but several other studies have documented that TXA is a cost-effective
addition to blood conservation programs [33,57,106–108]. The lysine
analogue antifibrinolytics have a well-elucidated mechanism of action
and a large therapeutic index. They are inexpensive, safe, and decrease
postoperative transfusion requirements.

Several studies in this review mentioned cost savings associated
with antifibrinolytic use. In one study, thromboembolic events were not
increased by the application of EACA and surgery costs were reduced
through lower transfusion rates. In this THA study, EACA was found to
be safe, cost-efficient, and effective in reducing blood loss [109]. In a
second study, when topically applied before tourniquet release, EACA
reduced blood loss after TKA and was found to be as safe and less ex-
pensive than TXA [110].

A single-center, retrospective, observational cohort study of 120
patients undergoing cardiovascular surgery with or without cardio-
pulmonary bypass concluded TXA and EACA were equally effective and
safe for managing cardiovascular surgical bleeding. The authors con-
clude that due to their substantial cost difference and their comparable
efficacy and safety, EACA may have better value over TXA for reducing
cardiovascular surgical bleeding [13].

Routine TXA use was associated with lower mean direct hospital
total costs after primary total hip and knee arthroplasty of 580 of 1018
patients at Mayo Clinic as the increase in pharmacy costs was more than
offset by cost savings in other categories [111]. The cost of TXA in the
United States is reported to be roughly $60 per gram, and only about $6
per gram in Canada and Europe [107].

Multiple studies in this review show TXA reducing blood loss and
transfusion overuse in patients undergoing total knee arthroplasty
(TKA). Consequently, TXA has become a routine blood conservation

agent for TKA. A two-year multicenter retrospective study of five hos-
pitals within a single healthcare system compared the efficacy of EACA
to TXA in reducing postoperative blood transfusion and compared the
agent cost per surgery [14]. Of 2922 primary unilateral TKA cases, 820
patients received EACA (28.1%), 610 patients received TA (20.9%), and
1492 patients received no antifibrinolytic (51.1%). Between the EACA
and TXA groups the differences in mean RBC units transfused per pa-
tient were insignificant (p= .822), the difference in percent of patients
transfused was insignificant (p= .236), and the discharge Hb levels
were insignificant (p= .322). However, EACA medication acquisition
cost averaged $2.23 per surgery compared with an average of $39.58
per surgery for TXA. EACA and TXA both significantly decreased
postoperative transfusion rates compared with no antifibrinolytic
therapy. At a substantially lower cost, EACA proved comparable to TXA
for unilateral TKA [14].

4.2. HARMS

Topical TXA administration to animal central nervous systems has
caused seizures in a dose-related fashion [28,98]. This corresponds with
reports of human seizures induced by accidental TXA intrathecal in-
jections [112,113]. Recently, among patients undergoing cardiac sur-
gery, the dose-response relationship of TXA has been proposed as a
modifiable risk factor for seizures [98,114].

A Cochrane review examining the topical use of TXA found reliable
evidence that while topical TXA reduced bleeding and blood transfu-
sion in surgical patients, many studies are underpowered and report the
risk of thromboembolism [90]. Of the 15 studies reporting on risk of
thromboembolism in this systematic review, only one small study found
an increased risk for deep venous thrombosis associated with in-
travenous TXA [25]. Of the 39 intravenous TXA studies, 10 reported no
additional risk of thromboembolism [20,24,26,29,31,41,42,45,53,60].

Study name Intervention Patients Outcome Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit p-Value

Camarasa 2006 EACA 100 mg/kg TKR % PT Transfused 0.230 0.071 0.740 0.014

Kikura 2006 EACA 100 mg/kg CABG % PT Transfused 0.695 0.263 1.834 0.463

Kreisler 2005 EACA CABG % PT Transfused 0.395 0.102 1.534 0.180

0.430 0.221 0.836 0.013

0.01 0.1 1 10 100

Random Effects Grand Mean

Fig. 9. Epsilon-aminocaproic acid: patients transfused.

Study name Intervention Patients Outcome Statistics for each study Std diff in means and 95% CI

Std diff Lower Upper 
in means limit limit p-Value

Camarasa 2006 EACA 100 mg/kg TKR # Units Transfused -0.548 -0.985 -0.112 0.014

Berenholtz 2008 EACA 100 mg/kg MSS # Units Transfused -0.198 -0.489 0.094 0.184

Kikura 2006 EACA 100 mg/kg CABG # Units Transfused -0.429 -0.825 -0.032 0.034

-0.339 -0.546 -0.132 0.001

-1.00 -0.50 0.00 0.50 1.00

Random Effects Grand Mean 

Fig. 10. Epsilon-aminocaproic acid: units transfused.
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Of the 8 intra-articular, TXA studies 3 reported no additional risk of
thrombotic complications [64,65,69], 1 of the 4 topical TXA studies
reported no significant change in the rate of symptomatic deep venous
thrombosis or pulmonary embolism [73], and 1 of the 4 EACA articles
found no increased risk of deep vein thrombosis [74]. Thrombosis risk
was not mentioned in the remainder of the studies summarized in this
review. A very large randomized trial of the effect of TXA in traumatic
brain injury found significant reductions of in the odds of fatal and non-
fatal thrombotic events following use of TXA [115]. A study published
after our data collection period ended found TXA reduced units trans-
fused as well as the occurrence of thrombotic complications, but was
associated with a higher risk of postoperative seizures [116]. A recent
meta-analysis found no significant relations between TXA and throm-
boembolic events [117].

Clinically relevant adverse effects of TXA include gastrointestinal
disturbances (nausea, vomiting, diarrhea); blood pressure drop and
dizziness from too fast intravenous administration; incidental allergic
skin reactions; and infrequent temporal vision impairment and con-
vulsions [101,118]. The relative risk of harm from different anti-
fibrinolytics and no treatment in cardiac surgery have been summarized
elsewhere [119]. Patient and surgery type may also affect the incidence
of harms associated with TXA [120,121]. In addition, TXA is not re-
commended when the following are present: renal failure; epilepsy;
benign gynecological interventions (e. g. myomectomy); in combina-
tion with activated factor concentrate; factor VIII inhibitor bypass ac-
tivity (FEIBA); 1ml=25 E* factor VIII inhibitor bypass activity; or fi-
brinolysis due to disseminated intravascular coagulation without any
significant bleeding [101,118].

4.3. Study limitations

While not excluded from this review, most of the reviewed studies
excluded patients with a history of venous thromboembolism and
coagulopathies. Therefore, recommendations may not generalize to
patients with these conditions.

As a result of the withdrawal of aprotinin, US institutions reverted
to the lysine analogs, using them interchangeably with the assumption
of therapeutic equivalence and non-inferiority to aprotinin in reducing
perioperative bleeding in cardiac surgery. There have been few studies
evaluating these agents in contemporary practice [89,119,122]. Apro-
tinin has been shown to have a better risk-benefit profile than TXA in
high-risk than among low- to moderate-risk, patients. This suggests
greater support for its use with high-risk cases [123]. Several reports
compare the benefits and risk of aprotinin and TXA in various surgical
procedures [124]. Given the potential for complications of TXA in
cardiac patients, additional studies on the neurological risk, appropriate
indications, and dosing of TXA are needed in the USA [124,125].

Most of the studies in this review assess administration modes of
TXA therapy in orthopedic surgery rather than cardiac surgery. Most IV
TXA studies were orthopedic with a few on cardiac procedures. All of
the studies on topical use of TXA were on orthopedics. A range of do-
sages of TXA were use in both IV TXA and Intra-articular TXA which
indicates the need for further study to confirm an optimal dose ap-
propriate for reduction of blood transfusion and the route of adminis-
tration. Additional studies are needed to assess the modes of adminis-
tration of TXA in several other surgical and non-surgical applications in
different patient settings.

Findings for the effectiveness of intravenous TXA and topical TXA in
reducing the number of patients transfused showed medium hetero-
geneity and there was large heterogeneity in results for the effective-
ness of intravenous TXA in reducing the number of whole blood units
transfused. This suggests that practice or patient characteristics may
influence the reduction in overuse which can be expected from
adopting these practices. However, a clear majority of the studies re-
ported significant reductions in each outcome, and no studies reported
a significant increase in outcomes attributable to the use of these

practices.

4.4. Future research needs

While there is strong support for the use of TXA as an anti-
fibrinolytic treatment applied in a perioperative setting, definitive trials
on morbidity and mortality are necessary to understand in what other
situations the use of TXA is desirable. Several large randomized mul-
tisite trials are currently underway which assess the use of TXA in
several of these situations [126–128].

Absent from many of the studies included in this review is doc-
umentation that the use of antifibrinolytics does not result in patient
harm. Similarly, there are patient risks associated with transfusion and
our confidence in the use of antifibrinolytics to reduce transfusion rates
would be bolstered through concurrent evidence that patients benefited
from reduced exposure to transfusion.

The concentration and doses of antifibrinolytics ranged between 10
and 15mg/kg in most cases but further studies are needed to finalize
more stringent information on the specific dosages associated with the
modes of administrations [129]. In the vast majority of patients, this
standardized dosing regimen falls within the recommended 10mg to
20mg/kg per dose. Multiple dose regimens such as this have been
shown to be more effective than a single bolus dose [130]. Research and
specific guidelines on TXA dose regimens need to be developed to
minimize the risk of seizure and to assess thromboembolic risk.

5. Conclusions

This Laboratory Medicine Best Practice systematic review re-
commends four practices based on the overall availability and quality of
evidence from the studies in this review. They are: (1) Intravenous, (2)
Intra-articular injection, (3) and Topical tranexamic acid are re-
commended for reducing the proportion of patients transfused and
units of red blood cell transfused in orthopedic and cardiac surgical
adult patients. (4) Epsilon-aminocaproic acid is recommended for re-
ducing the proportion of patients transfused and units of red blood cell
transfused in orthopedic and cardiac surgical adult patients.
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