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ABSTRACT

Background: Tranexamic acid (TXA) is an anti-fibrinolytic drafat has been shown to be
effective in reducing blood loss and the needramgfusions after several orthopedic surgeries.
However, the effectiveness of TXA use in orthopddacture surgeries still remains unclear.
The purpose of this meta-analysis was to reviewtexj literature with interest in the
effectiveness and safety of TXA treatment in redgdotal blood loss and transfusion rates for

patients who underwent surgery for fracture repairs

Methods: An electronic literature search of PubMed, EmbeséD, and the Cochrane Library
was conducted to identify studies published befx@eember 2016. All randomized controlled
trials and cohort studies evaluating the efficaC§ XA during fracture repair surgeries were
identified. Primary outcome measures included tmalmer of patients receiving a blood
transfusion and peri-operative total blood lossalyeere analyzed using Comprehensive Meta

Analysis (CMA) statistical software.

Results: Seven studies encompassing 559 patients metc¢husion criteria for the meta-
analysis. Our meta-analysis indicated that whenpawed with the placebo control group, the
use of TXA in fracture surgeries significantly reed total blood loss by approximately 330 mL
(p=0.009), reduced the transfusion rate with aikaaisk of 0.54 (p<0.001), and decreased the
drop of hemoglobin by 0.76 g/dL (p<0.001). Thereswia significant difference between the

number of thrombo-embolic events among the studyps (p=0.24).
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Conclusions: This study demonstrated that tranexamic acid neayded in orthopedic fracture
surgeries to reduce total blood loss, transfusidest and the drop in hemoglobin level, without
increasing risk of venous thrombo-embolism. A latitn to these findings is the small number

of studies available. Further studies need to Inelected to confirm these findings.

Key Words: tranexamic acid; TXA;fracture repair;m@nalysis;systematic literature

review;blood loss;transfusion rate

Level of Evidence: Therapeutic Level |. See Instructions for Authasd complete description

of levels of evidence.e

INTRODUCTION

Each year, there are over 16 million orthopedictfree repair surgeries performed in the United
States (1). Despite the recent advances in thaitpoh and instrumentation of orthopaedic
procedures, major orthopaedic surgeries are stilmonly associated with substantial blood
loss (2-4). Of all of the complications of surgelmgmorrhage is the number one preventable
cause of death (1,3,5). In order to prevent anaméhhypovolemic shock, blood is often
transfused. There are numerous complications teaassociated with the transfusion of
allogenic blood products including an increased ddttransmission of infectious diseases, a
potentially acute life-threatening immune respomseite lung injuries, and an increased risk of

postoperative infections (3, 5).
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Several different techniques to reduce hemorrhaddfee rate of transfusions have been utilized
and include pharmacological therapy, anesthestaatologous transfusions (6-1However,
most of these methods are accompanied by theiroowiplications. More recent efforts have
focused on pharmacologic anti-fibrinolytic ageattminimize bleeding. One of the most
common pharmacological agents used to control salriood loss is tranexamic acid (TXA).
TXA is a synthetic derivative of the amino acidihes and functions by decreasing the rate of
fibrinolysis (9,12-13). Previous studies indicatgignificant reduction in the morbidity and
mortality of patients who suffered from hemorrhage who received TXA (9). Despite the
world wide and multi-disciplinary proven efficaay teducing blood loss, TXA is not routinely

used in patients with fractures in the United State

While TXA has been shown to be effective in cer@ithopedic procedures, there is still
uncertainty regarding the efficacy of TXA use ithmpedic fracture repair surgery. The use of a
SR/MA can be very useful to summarize data acrassaber of trials. We believe that based on
the scientific rationale of the drug and currenblmined supporting evidence, TXA would be a
useful agent in fracture repair surgeries. Thisctbps yet to be investigated in the form of a
systematic review and a quantitative meta analy$is.purpose of this study was to address this
limitation within the evidence and systematicatkamine the available literature regarding the
potential risks and benefits of TXA use in fractategery with quantification of effect through
meta- analysis of relevant data. Accordingly, vatlystematic review of the current evidence,
the aim of this investigation was to help deterntimeefficacy of TXA administration in

reducing total blood loss and transfusion ratexinhopaedic fracture surgical patients by a meta-
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analysis of the available literature.

METHODS

We performed this systematic research and metarsiaatudy according to the methods of the
Cochrane Handbook for Systematic Reviews of Int&ieas (14). This systematic review and
meta- analysis was reported according to the RegfdReporting Items for Systematic Reviews
and Meta- Analyses (PRISMA) Statement (15). A stiloly chart utilized from the PRISMA

statement was constructed to show all literatuaeckeresults.

Search strategy

We identified comparative studies comparing TXAhnatplacebo by searching Embase,
PubMed, OVID, and the Cochrane Library. We useddhlewing combined text and search
terms: “tranexamic acid or TXA”, “fracture”, “ortipedic surgery” and “trauma”. There were no
language restrictions. We also checked the bikdiplgies of identified reports and relevant
review articles for other potentially relevant sasl We started from the earliest retrievable date
of each database up until December 26 2016. Irtiaddreference lists of prior reviews of

similar topics were searched for relevant studies.
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Study selection

Two authors independently conducted the initiatcdeadeleted duplicate records, screened the
titles and abstracts for relevance and identifigplgrs. The study selection was performed
according to the inclusive and exclusion critefiae studies that met the following criteria were
included: (1) the study evaluated the effect of TaiAblood loss in patients undergoing fracture
repair surgery; (2) the study was a double blindealomized controlled trial (RCT); (3) the
study provided data on outcomes including totablmss, post-operative drop in hemoglobin,
rate of blood transfusions, and incidence of throembbolic events. Articles were excluded from
our meta- analysis if they were cohort studiethefy used animal or cadaver models, or if they
did not have raw data for outcomes. The primargaues included absolute amount of total
blood loss and the number of patients who requatkdjenic RBC transfusion peri-operatively.
Secondary outcomes included post-operative hemgtamcentration and the number of

people who developed any thrombo-embolic event asdbVT.

Two investigators independently extracted data ftlereports. For the studies evaluating
multiple treatment arms, comparisons were madedstw XA arm and standard of care or
placebo arm only. For each article, data on tHeviehg study characteristics were collected
when available: year of publication, total numbgpatients in study, number of patient in
experimental arm, age of participants, interventmurte, dosage of drug administered, number

of patients, and length of follow-up. All primarpésecondary outcomes reported.
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Quality Assessment:

Two reviewers independently assessed the riskasf & individual studies according to the
Oxford Centre for Evidence-based Medicine Levelgwaflence (16). See Table, Supplemental
Digital Content 2, which shows the level of evidemd¢ each study. This ranged from Level 1-
Level 5 based on the judgments for the outcomerdaggrisk of bias, inconsistency,

indirectness, and imprecisions.

Statistical Analysis:

The results of the meta-analysis were analyzeduUsMA statistical software. We examined

statistical homogeneity by using Cochrar@'&est and? statistics, witH? > 40% considered

significant heterogeneity. We anticipated that ¢heill be sufficient homogeneity across studies
to justify a pooled statistical synthesis. Datanfrall trials fulfilling the eligibility criteria wil be
pooled for meta-analysis using a random effectsehtmdaccommodate the anticipated
heterogeneity among study results. Dichotomousomgs (proportion of transfusion rates, and
thromboembolic events) were calculated as theivelaisk ration (RR) and the odds ratios (OR)
respectively. Continuous outcome data (Hb concgotrand total blood loss) were expressed as
the mean difference (MD) or as the standardized(8RID). Group differences were also tested

using unpaired-tests of Mann-Whitney as appropriate withkk 0.05 signifying statistical

significance.
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RESULTS

Search Results:

The literature searches identified 150 publicatithrad potentially met our criteria. Two
additional studies were added using the referefioasother papers and abstract searches.
After the initial screen of titles and abstract3 atticles remained for further investigation. The
results for the screening algorithm implementeghown in Figure 1). After detailed
assessments, there were 7 eligible studies withpéns and one abstract consisting of 559

patients shown in Table, Supplemental Digital Cohg(2, 8, 17-21).

All included studies were published between 200¥ 2016 and were reported in English. The

route of TXA administration were all intravenousieldose of TXA used varied from 10 mg/kg

to 15mg/kg, while some studies used fixed dosé&f6fmg to 1gm.

Quality Assessment:

Seven articles directly comparing intraoperativeé postoperative blood management with and
without the use of tranexamic acid administratiopatients undergoing fracture repair surgery
were included in this meta-analysis. The sample gfzhe included studies, which were only
focused fracture repair surgeries, ranged frono6L0. TXA was the only type of anti-

fibrinolytic agent used, although the doses vabietiveen studies.

Of the seven total studies, six reported both @yadte sequence generation and allocation

concealment. See Table, Supplemental Digital Cot3ewhich demonstrates the
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methodological quality and the level of risk foabiof the RCTs. The amount of risk was
assessed with regards to several factors includindom sequence generation, allocation
concealment, blinding, selective reporting, ancotossible bias. Results for publication bias

was assessed by funnel plot shown in Figure, Sopgieal Digital Content 1.

Primary Outcomes:

Total blood loss
The data of total blood loss was reported in sidists (2,8, 17-19,21) involving 459 patients
Figure 2. The pooled result revealed that the use of TXAificantly reduced total blood loss

more than placebo ((Mean Difference (MD)= -330.00 86% CI -576.94 mL, -83.07 mL; p=

0.009). There was significant statistical heterceagiﬁgr(lz =99 %).

Transfusion rates
The data of transfusion rates was provided inealén studie§2, 8, 17-2) involving 559
patientsFigure 3. Meta- analysis demonstrated that the use of TX#ebesed the risk of

transfusion rates more than placebo (RR= 0.54; @5%398, 0.726; p<0.001)). There was very

little statistical heterogeneity for this factoté € 26%).
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Secondary Outcomes:

Hemoglobin levels:
The result of hemoglobin drop was assessed instivéies (8, 18-20, 21) involving 389 patients
Figure 4. Meta-analysis showed that there was a signifiddférence in hemoglobin drop

between the TXA and placebo groups (MD = -0.76 g8 % CI -1.019, -0.498; p<0.001). The

heterogeneity among studies was calculat®e 32 %).

Complications
The details of complication including thromboembaivents such as DVT was available in
three studies (2, 19, 21) involving 242 patidfigure 5. Meta-analysis demonstrated that there

were no statistical differences in DVT (OR= 2.5598Cl 0.936, 6.967; p=0.24) between the

two groups with statistical heterogeneity & H36%).

DISCUSSI ON:

There is significanimorbidity and mortality from traumatic fracturesasiated with peri-
operative hemorrhage. The increased amount of Htmsdcan lead to a complications including
anemia. The prevalence of perioperative anemigpifraictured patients is as high as 80% (3).
This meta analysis identified seven studies invig\b59 patients with fractures who were
treated with TXA. Based on these studies, the nmgsortant findings of this meta-analysis were
that compared with placebo group, the use of ieinaus TXA significantly reduced total blood

loss, transfusion rates, and a decreased dro ineimoglobin level. Another important finding
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of this meta-analysis was that it demonstrated TXa use did not significantly increase the risk
of DVT compared with the placebo groups, which esponds with current literature studying
thromboembolic events with the use of post-opeealiXA (7-8, 22-29). Previous studies also
demonstrated reduced probability of mortality, dedreased blood transfusions by
approximately 30 percent (6,7, 12, 22-27). Thugésalts of this meta-analysis were consistent

with the results seen for TXA administration in@tlsurgical procedures.

Due to the limited number of studies availableha literature, significant variability was
observed in the studies used. A few studies demaigedtthat there was a significant reduction in
the intra-operative blood loss with the use of Teé@mpared to placebo. Several studies
demonstrated that in patients undergoing hip fracsurgery, the administration of tranexamic
acid produced a significant relative risk reductiomhe incidence of blood transfusions

compared with placebo mostly due to a reductigoost-operative blood loss (2, 8).

Concerns regarding TXA revolve around a feared dmampon of thromboembolic events.
Previous studies discuss the potential benefitsiofg TXA administered locally during joint
replacement as a safer method of administratiomwbenpared to its systemic administration;
lower systemic absorption would lead to a lowek aéthromboembolic complications (6, 23-
25). Current available literature show that TXA slo®t increases the risk of thrombotic
complications, namely PE and DVTs. In our metagig] of the seven included studies, three
studies reported the incidence of DVT after thetfree surgery repair. There was no significant
statistical difference in the number of thromboetitbevents for patients who had TXA

compared to controls. Zufferey et. al, found &d¢fold increased risk of vascular events with
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the use of tranexamic acid when compared with pla¢2). Another study by Emara et. al,
found that while TXA significantly reduced the ambwf blood loss and decreased drop in
hemoglobin compared to controls, there was a sggmifly increased the risk of thromboembolic
events including DVT and PE in hip hemi-arthrogkes(19). This is contrary to what all other
studies with available data demonstrated and cgntmathe previous findings of elective hip or
knee arthroplasty, where the use of tranexamic @didichot increase the risk of venous or arterial
thrombosis. In addition, another meta-analysisstigating the safety of TXA and it similarly
indicated that there was no significant differencthe rate of thromboembolic events such as
DVT between the TXA group and the control group)(d4e consensus from this literature is in
favor of administration of TXA given the decreasélood loss, transfusion rates and cost.
Although a few individual studies have found in@@@risk of thromboembolic events in groups
receiving TXA, larger studies and meta-analyseshmiformly found no increased risk of
thrombosis. Although other studies have demonstridiese results in elective orthopedic
procedures, such as TKA and THA, this analysisssegkthese factors in an unpredictable
traumatic fracture repair. Although this meta-asayocused on the IV administration of TXA,

other routes of administration have also been dde¢mbe as effective.

Several factors increased the power this studyeriSite searches of all available studies
meeting the topic was performed including the iso of unpublished abstracts. The methods
and procedures of the study were strictly conduatéiding both the Cochrane Handbook for
Systematic Reviews of Interventions and PRISMAesteent, thus ensuring the methodological
reporting quality of this study. The need for a aabalysis to combine and evaluate all existing

literature on TXA administration in fracture repaurgeries was warranted to bring additional
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clarity to the efficacy to its administration ammdgotentially establish additional indication for
the drug in fracture repair surgery. Unlike theyoasly cited meta-analyses which focused on
the effectiveness and safety of TXA in TKAs, THAsd spinal surgeries, this meta analysis
focused primarily on TXA use in fracture associaacgeries. To our knowledge, this is the first
meta-analysis of studies comparing the effectiveaesl safety of TXA use in patients

undergoing surgical repair of fractures.

Limitations to this study are intrinsic to all sian meta-analyses. These include a small sample
size of available studies and thus number of pttielm addition, there was a significant amount
of heterogeneity among several of the outcomes iBlprimarily due to the limited amount of
available literature to analyze. Variations in noetblogy, different routes of administration, and
different doses of TXA among the different trialayraccount for the heterogeneity. Due to the
limited number of available studies, it was difficito analyze all of the variables discussed in
this study since many of the studies did not repoch information. For example, of the seven
studies included in this study, only three repore=siilts regarding thromboembolic events. In
addition, one of the primary outcome variables ea@d in this study, total blood loss has both
high inter- and intra-observer variability. Anothienitation is the decreased amount of power
from this study due the evaluation of certain oates with very low event rates due to the
limited number of patients. Thus, the data needetevaluated with caution since these
parameters typically require larger studies. A poarelysis was performed to determine the
sample size required for a study to have adequatemp Considering a 10% difference in the
proportion of the patients and a power of 80% andrdidence interval of 95%, a study would

need a sample size of roughly 430 patients. Fintily funnel plot created demonstrated that
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publication bias could have existed in this studg tb the asymmetric nature of the chart.

Further randomized control trials are needed tth&rrconfirm the results of this meta-analysis.

CONCLUSION

This meta-analysis of the current literature inthsahat TXA administration in orthopaedic
fracture surgery patients leads to a statisticatipificant reduction in total blood loss,
transfusion rate and with less of a drop in heminigléevel, with no increased risk of
thromboembolic complications. Further study is ieglito elucidate the clinical outcomes,
optimal dosage, and optimal drug administratiorteaised in patients undergoing surgical

repair of fractures.
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LEGENDS

Figure 1: Theflow chart summary for the screening and exclusion summary for the studies.

Figure2: Theforest plot and tabulated data illustrating the M D in the total blood loss between the
TXA and placebo group, showing that TXA administration significantly decreased the total

amount of blood loss.

Figure 3: Thisfigureillustratestheforest plot and tabulated dataillustrating the RR in the
allogenic rate of transfusion between the TXA and placebo group, showing that TXA

administration significantly decreased thetotal number of allogenic blood transfusion.

Figure4: Theforest plot and tabulated dataillustrating the OR in the level of hemoglobin between
the TXA and placebo group, showing that TXA administration significantly decreased thedrop in

hemoglobin during the fracturerepair surgery.

Figure5: Theforest plot and tabulated data illustrating the effect of TXA on therate of DVT,

showing that theratio of DVT in thetwo administrations are not significantly different.
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(Figure Legends in Notes section)
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Study name_ Statistics for each study

Difference  Standard Lower  Upper

in means error Variance limit limit ZValue p-Value
Vijay, 2013 -51.800 3.026 9154 57.730 45870 -17.121 0.000
Moghaddam, 2011 -328.000 56.617 3205467 -438.967 -217.033 -5793  0.000 e
Sadeghi, 2007 -456.000 76.245 5813.318 605438 -306.562 -5.981 0.000 —.-—
Tengberg, 2016 -570.800  25B.019 66573.793 -1076.508 £65.092 -2.212 0.027 I i
Zufferey, 2010 =203.000  114.864 131893625 428128 22128 -1.767 0.077 .
Emara, 2014 -467.500 8.216  67.500 -483.803 «451.397 56.902  0.000 B
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Study name

Statistics for each study

Risk Lower Upper
limit Z-Value p-Value

ratio
Zufferey, 2010  0.697
Vijay, 2013 0.389

Sadeghi, 2007  0.656
Mohib, 2015 0.429
Moghaddan, 20110.357
Emara, 2014 0.143
Tengberg, 2016 0.827

0.538
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Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper

in means error Variance limit limit Z-Value p-Value
Mdrib, 2015 -0542 0204 0041  -0941 -0M3 2660 0008 - —
Ervera 2014 1140 0341 0116 -180 -0472  -3345 0001 ——
Tegberg, 2016 -1.158 02% 0065 -1658 <0657  -45%2 0000 —l—
\ijay, 2013 -0562 0215 006 -0973 0131 2571 0010 ——
Sadeghi, 2007 -0667 0251 0083 -1159  -0174  -2683 008 ——

-0.759 0133 0018 -1019 -04%8 5711 0000 <o

-2.00 -1.00 0.00 1.00 2.00
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Study name

Zufferey, 2010
Emara, 2014
Tendberg, 2016

Statistics for each study

Risk Lower Upper

ratio

2.789
6.000
0.235
2.300

limit  limit
0.798 9.755
0.793 45422

0.012 4.734
0.569 9.295

Risk ratio and 95%Cl
Z-Value p-Value
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