LONDON
SCHOOL¢of

HYGIENE
&TROPICAL \ i )2
MEDICINE Ngz==

LSHTM Research Online

1l
—o—
1

Ker, K; (2018) Effects of tranexamic acid on surgical, traumatic and obstetric bleeding: a critical
analysis of the evidence from randomised trials using systematic reviews and meta-analytic tech-
niques. PhD (research paper style) thesis, London School of Hygiene & Tropical Medicine. DOI:
https://doi.org/10.17037/PUBS.04650974

Downloaded from: https://researchonline.lshtm.ac.uk/id/eprint/4650974/

DOL: https://doi.org/10.17037/PUBS.04650974

Usage Guidelines:

Please refer to usage guidelines at https://researchonline.lshtm.ac.uk/policies.html or alternatively
contact researchonline@lshtm.ac.uk.

Available under license. To note, 3rd party material is not necessarily covered under this li-
cense: http://creativecommons.org/licenses/by-nc-nd/3.0/

https://researchonline.lshtm.ac.uk


https://researchonline.lshtm.ac.uk/id/eprint/4650974/
https://doi.org/10.17037/PUBS.04650974
https://researchonline.lshtm.ac.uk/policies.html
mailto:researchonline@lshtm.ac.uk
https://researchonline.lshtm.ac.uk

Effects of tranexamic acid on surgical, traumatic and obstetric
bleeding: a critical analysis of the evidence from randomised

trials using systematic reviews and meta-analytic techniques

Katharine Ker

Thesis submitted in accordance with the requirements for the degree of

Doctor of Philosophy

University of London

August 2018
Clinical Trials Unit
Faculty of Epidemiology & Population Health

LONDON SCHOOL OF HYGIENE & TROPICAL MEDICINE

No funding received.



Lendon School of Hyglene & Tropical Medicine LOMNIDON

Wappel Street. London WC1E 7HT SCHOOLof
wiww Ishim.ac.uk H YGFIENE

ETROPICAL
— MEDICINE

T: +4440)20 7299 4845
Fi +44{0020 7290 4656
E: registrp@Eshim.ac.uk

DECLARATION OF OWN WORK

All students are reguired to complete the following declaration when submitting their thesis. A shortened
version of the Schoof's definition of Plagiarizm and Cheating is as follows (the full definition is given in the
Research Degrees Handbook):

“Plagiarism is the act of presenfing the ideas or discoveries of another as one’s own.  To copy senfences,
phrases or even siriking expressions without scknowledgement in & manner which may deceive the reader
as to the source is plagiarism. Where such copying or close paraphrase has occurred the mere mention of
the source i a biography will nof be deemed sufficient acknowledgement, in each instance, it must be
referred specifically to ifs source. Verbafim guotations must be directly acknowledged, either in inveried
commas or by indenting” {University of Kent).

Plagiarism may inciude collusion with another student, or the unacknowledged use of a fellow student's
work with or without their knowledge and congent. Similarly, the direct copying by students of their cwn
oniginal writings qualifies as plagiarizm if the fact that the work has been or is to be presented elsewhere is
not clearly stated.

Cheating is similar to plagiarism, but more serious. Cheating means submitting another student's
waork, knowledge or ideas, while pretending that they are your own, for formal assessment or
evaluation.

Supervisors should be consulted if there are any doubts about what is permissible.

DECLARATION BY CANDIDATE

| have read and understood the School’s definition of plagiariem and cheafing given in the Research
Diegrees Handbook. | declare that this thesis is my own work, and that | have acknowledged all results and
quotations from the published or unpublished work of other people.

| have read and understood the School's definition and policy on the use of third pariies (either paid or
unpaid) who have contributed to the preparation of this thesis by providing copy editing and, or, proof
reading services. | declare that no changes to the infellectual content or subsiance of this thesis were made
as a result of this advice, and, that | have fully acknowledged all such contributions.

| have exercizsed reasonable care to ensure that the work iz onginal and does not to the best of my
knowledge break any UK law or infringe any third party’s copyright or other inteflectual property right.

To be completed by the candidate

NAME IN FULL (Block Capitats): . KATHARINE KER

STUDENT IDNC: 194890 . . .

SiGNED_ DATE: . l4oens

Registry
Last updated — D4/07/13

Improving health worldwide www.Ishtm.ac.uk



ACKNOWLEDGMENTS

| am indebted to my lead supervisor lan Roberts. Without his seemingly never-ending patience,
guidance, and encouragement, | would not have been able to complete this thesis. | also thank
Phil Edwards for his unwavering positivity and support throughout. | thank all my friends and
colleagues at the LSHTM Clinical Trials Unit, in particular Haleema Shakur-Still, Pablo Perel and
Karen Blackhall. Finally, | am grateful to my husband, Gordon Renton, for his continued love and

encouragement.



ABSTRACT

BACKGROUND

Surgical, traumatic and obstetric bleeding are important causes of mortality and morbidity. The
antifibrinolytic drug, tranexamic acid (TXA), inhibits clot breakdown and may have a role in the

management of excessive bleeding.
Aim

Evaluate the evidence from randomised trials for the effects of TXA in patients with surgical

bleeding, traumatic bleeding, and for preventing postpartum haemorrhage (PPH).
METHODS

Using systematic reviews and meta-analytic techniques, evaluate the evidence from randomised
trials to: i) quantify the effects of TXA for surgical bleeding; ii) investigate the quality of trials of
TXA for surgical bleeding; iii) to quantify the effects of TXA for traumatic bleeding; iv) estimate
the number of avoidable trauma deaths by the routine use of TXA; v) quantify the effects of TXA

for preventing PPH; and vi) propose a trial of TXA for preventing PPH.
RESULTS

A systematic review including 129 trials involving 10,488 patients suggests that TXA reduces
bleeding in surgical patients by about one third, although its effect on death and
thromboembolic events is uncertain. Evidence that TXA reduces surgical bleeding has been
available for many years, although, poor methodological quality of trials may mean that it is

unreliable.

There is reliable evidence that TXA reduces death due to bleeding in trauma patients. This
evidence originates from a large, high quality randomised trial in 20,211 patients. If TXA was
given to all patients soon (<3 hours) after injury over 100,000 deaths could be prevented every

year.

A systematic review including 26 trials involving 4191 women suggests that there is no reliable
evidence for the effects of TXA for preventing PPH. The trials are poor quality and contain serious
flaws. The proposed WOMAN-2 trial of TXA for preventing PPH in 10,000 women with anaemia

aims to resolve the uncertainties.
CONCLUSIONS
Most trials assessing the effect of TXA for surgical bleeding and for preventing PPH are small and

poor quality. Although together they provide promising evidence that TXA reduces bleeding,



further evidence from large trials at low risk of bias is required to determine reliably the effects

of TXA for these indications.

There is reliable evidence that TXA reduces the risk of death in trauma patients and no further
trials are required. Instead, dissemination of the evidence and implementation of TXA into

trauma protocols worldwide, should be a priority.

Although there is no evidence from randomised trials that it increases risk, the effect of TXA on

thromboembolic events remains uncertain.
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1.0 INTRODUCTION TO THESIS

1.1 EPIDEMIOLOGY OF SURGICAL, TRAUMATIC AND OBSTETRIC BLEEDING

Haemorrhage' is a major cause of mortality and morbidity worldwide. Acute severe
haemorrhage resulting from vascular injury during surgery, trauma, and childbirth account for

much of the morbidity and are responsible for many premature deaths.
Surgical haemorrhage

Surgery is an essential component of health systems in high, middle and low-income countries.
In 2012, there were an estimated 310 million surgical procedures worldwide, a number expected
to increase in subsequent years in line with ageing populations and shifting patterns of disease

towards chronic illnesses.!

Blood loss and exposure to blood transfusion are common complications of surgery and are
associated with poorer patient outcomes. In addition to its adverse physiological impact,
bleeding impairs the visibility of the surgical site compromising the success of the procedure.
Bleeding can prolong the surgery and require further interventions such as blood transfusion

and re-operation.

A retrospective cohort study conducted in the USA included over 1.6 million procedures across
eight surgical specialities and observed that on average 30% suffered a bleeding-related
complication, with blood product transfusions being the most common.? The authors also
estimated the additional costs and resource use incurred. After adjusting for covariates, patients
with bleeding complications stayed in hospital six days longer than those without. The cost of

treating these patients was also higher, varying between 31-93% more depending on the surgery
type.?

Death during surgery is relatively rare, although in the presence of acute severe bleeding it
increases from less than 1% to 20%.3 A cohort study of cardiac surgery patients found that 10%
of patients suffered blood loss severe enough to receive five or more units of blood within 24

hours of surgery, which was associated with an eight-fold increase in the odds of death.*

The challenge of managing severe bleeding during surgery is likely to become more common as
the number of complex procedures rises, alongside the advancing age of surgical patients and

the growing use of anti-coagulants, which increase the risk of bleeding.

"] use the terms ‘haemorrhage’ and ‘bleeding’ interchangeably throughout this thesis.
1



Traumatic haemorrhage

There are an estimated five million deaths due to trauma every year, which account for 9% of
global mortality.> Almost half of trauma deaths are young adults aged 15-44 years, and over 90%

)5,6

of deaths occur in low and middle income countries (LMICs Many millions more experience

non-fatal injuries and suffer long-term disability.

Haemorrhage is second only to traumatic brain injury as the leading cause of death in trauma
victims. It is responsible for up to 40% of deaths, most of which occur in the first 24 hours after
injury.”* Furthermore, bleeding contributes to other leading causes of death, including central
nervous system injury and multi-organ failure.® In trauma patients who survive, haemorrhage is
associated with complications such as organ failure and sepsis, with greater blood loss

associated with poorer outcomes.® 12

A cross-sectional study involving bleeding trauma patients presenting to 22 hospitals in England
and Wales estimated the prevalence, patterns of blood use, and outcomes of patients with
major haemorrhage.! A quarter (26.5%) of patients with major haemorrhage (4 units red blood
cells in first 24 hours) and one-third (38.5%) of those with massive haemorrhage (210 units red
blood cells in first 24 hours) died in hospital. Most patients died within 24 hours and most of

these deaths occurred within four hours of arriving at hospital.

There is a substantial economic burden of treating bleeding trauma patients. Estimates based
on resource use data from 22 NHS hospitals, suggest that it costs an average of £20,000 to treat
a trauma patient with severe bleeding, of which the cost of blood components accounts for 12%
(£2,300).22 When extrapolated to the national (England) level, this costs the NHS £148 million

per year.:
Obstetric haemorrhage

Severe bleeding is a common complication of childbirth. Primary postpartum haemorrhage
(PPH), commonly defined as blood loss 2500 mL within 24 hours of birth, follows 6% to 10% of
all births and accounts for 50,000 to 100,000 maternal deaths every year.*’ Although PPH is
common throughout the world, 99% of deaths occur in LMICs.*® Similar to traumatic bleeding,
most deaths from PPH occur early. The majority of deaths occur within 24 hours of delivery,
many within the first few hours.?* The leading cause of PPH is uterine atony, followed by
bleeding due to trauma to the genital tract, retention of placental tissue, and failure of the

coagulation system.!®

Many women who survive PPH experience severe morbidity that may require costly, urgent
care, and a prolonged hospital stay. Many women need surgery to control the bleeding and

some require a hysterectomy.'® PPH can lead to, or worsen existing, anaemia, which can result
2



in debilitating fatigue that interferes with the woman’s ability to care for herself and her baby.?°
There is also evidence that morbidity resulting from PPH adversely affects a mother’s ability to
breast-feed and bond with her baby.?! PPH can be an extremely frightening experience that may

have a long-term psychological impact.?

Although death due to PPH is rare in high income countries, it is an important cause of maternal
morbidity and there is some evidence to suggest that the incidence is increasing.? The reasons
for this increase are uncertain but may be due to increasing maternal age, obesity, higher rates

of intervention and caesarean sections.?® %

Blood transfusion

The administration of blood and blood products is a common intervention for the management
of excessive surgical, traumatic and obstetric bleeding, which together place enormous pressure

on donor blood supplies.

One third of transfused blood in the UK is used for surgical patients who each receive an average
of two units.?® Blood usage data from the UK suggest that 63% of patients with significant trauma
receive a blood transfusion, over half of whom receive eight or more units.?® A survey of hospital
data from 28 countries suggests that one third (32.5%) of women with PPH receive blood

products.?’

However, blood for transfusion is a scarce and costly resource and most people in the world do
not have access to donor blood. The blood donation rate in Africa is 5 per 1000 population
compared to 47 per 1000 population in the USA, and it is estimated that 35 of the 40 sub-
Saharan countries collect less than half of the donor blood required to meet the needs of their
populations.? It is estimated that 26% of maternal haemorrhagic deaths in sub-Saharan Africa

are due to lack of blood for transfusion.?®

Where it is available, safe blood for transfusion is expensive. In the UK, for example, a single unit

of blood costs of £125, presenting an annual cost to the NHS of £266 million.>°

As well as issues with cost and availability, the practice of giving blood for transfusion is not
without risk and it may not improve patient outcomes. A systematic review of randomised trials
comparing ‘liberal’ and ‘restrictive’ transfusion protocols, found that patients in the restrictive
group were less likely to receive a blood transfusion (RR=0.57, 95% Cl 0.49 to 0.65), but found
no difference in 30 day mortality (RR=0.97, 95% CI 0.81 to 1.16).3*

Moreover, blood transfusion is associated with several infectious and non-infectious risks. The
extent and type of the risk posed by blood transfusion varies considerably by country and the

adequacy of the donation and blood screening systems. In countries with comprehensive blood



screening processes such as the UK, the transmission of known infections is very rare (0.2 events
per 100,000 components) and most (~70%) harm results from transfusion of mismatched

blood.3?

However, not all countries are able to provide comprehensive screening of donor blood and
transfusion-transmitted infections are the primary concern. In 2004, 88% of blood collected in
sub-Saharan Africa was not tested for HIV in a quality-assured manner. 2 A mathematical model
of the risk of transfusion-transmitted viral infections in sub-Saharan Africa estimated that the
median overall risks of infection with HIV, HBV, and HCV from blood transfusion were 1, 4.3, and
2.5 infections per 1000 units, respectively.®® Between 5-10% of global HIV infections were

acquired through transfusion of contaminated blood.3*

Because of the scarcity, cost and associated risks of blood transfusion, the identification of cost-
effective alternatives is a public health priority and treatments that can safely reduce bleeding

are needed.
1.2 HAEMOSTASIS

Maintenance of the circulating blood volume is a basic homeostatic mechanism essential for
supporting life.3®> Bleeding caused by vascular injury, leads to a reduction in the amount of
haemoglobin in the circulation and loss of blood volume (hypovolaemia) which if extensive or

uncontrolled, leads to haemorrhagic shock and ultimately organ failure and death.3®

In response to blood loss, the body initiates a series of compensatory mechanisms that allow
low levels of blood loss to be tolerated without notable adverse health effects. However, the
loss of relatively minor amounts of blood can be harmful in individuals who are less able to
compensate for the loss, such as the elderly, those with anaemia or with existing cardio-

respiratory or hepatic disease.3®

Trauma, surgery and childbirth are leading causes of acute haemorrhage, the complications of
which result in substantial global mortality and morbidity and are the focus of this thesis.
Vascular injury, regardless of cause, initiates a common haemostatic response.
Recommendations for the haematological management of major haemorrhage are common
across clinical situations.3” As a result, those seeking to improve the management of bleeding in
trauma and obstetric patients have looked to use evidence from surgical disciplines and vice

versa.
1.3 COAGULATION AND FIBRINOLYSIS

Vascular injury, irrespective of the cause, triggers a series of physiological responses aimed at

maintaining the integrity of the circulatory system.®® Two regulatory responses are involved: the
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coagulation cascade leading to clot formation, and the fibrinolytic response leading to clot

breakdown.3 The coagulation and fibrinolysis cascades are summarised in Figure 1.1.

Figure 1.1 Summary of the coagulation and fibrinolysis cascades’
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The immediate haemostatic response to vascular injury is localised vasoconstriction and
movement of blood into the surrounding tissues that reduces the flow through the damage
vessel. This is followed by the aggregation and deposition of platelets at the point of injury.®
Activation of thrombin results in the production of fibrin which interacts with the platelet plug,
and produces a clot resistant to dissolution that acts as a haemostatic seal at the point of

damage.®!

The coagulation response is accompanied by a fibrinolytic response that results in the
breakdown of the fibrin mesh. Tissue plasminogen activator (t-PA) secreted from the endothelial
cells, converts plasminogen trapped within the clot into plasmin.** Plasmin attaches to and

digests the fibrin causing clot breakdown.

A delicate balance of these regulatory responses prevents inevitable death that would be caused
by either uncontrolled bleeding or uncontrolled clotting.>® However, in the context of major
blood loss, this delicate balance can be compromised by the accompanying physiological

stresses, including over-activation of t-PA that can lead to hyperfibrinolysis (a state of excessive

i Reproduced from Bodary et a/*



fibrinolysis and uncontrolled bleeding). Hyperfibrinolysis is associated with a range of bleeding
conditions including trauma, surgical, and obstetric haemorrhage and causes excessive or
recurrent bleeding,** the outcomes of which includes death, organ dysfunction, multiple organ
failure and sepsis.*? The latter of which can be exacerbated by immunologic stress associated

with blood transfusion.*?
14 TRANEXAMIC ACID AND ITS EFFECT ON BLEEDING

TXA is a synthetic lysine amino acid derivative that inhibits fibrinolysis by blocking the interaction

between plasmin and fibrin (Figure 1.2).

Figure 1.2 Antifibrinolytic action of tranexamic acid™
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TXA exerts its antifibrinolytic effect by forming a reversible bond with the lysine binding site on

the plasminogen molecule. Plasmin is therefore prevented from interacting with fibrin and clot
stability is achieved. It is marketed in tablet and injection form as a treatment for a variety of

chronic and acute bleeding conditions.

In the UK, TXA injection is licensed for administration as a slow intravenous injection for short-
term use for the prophylaxis and treatment of patients at high risk of perioperative bleeding
associated with prostatectomy, conisation of the cervix, surgical procedures and dental
extractions in people with haemophilia; haemorrhage complications in association with
thrombolytic therapy; and haemorrhage associated with disseminated intravascular coagulation

with predominant activation of the fibrinolytic system.** TXA is a relatively inexpensive drug -

i Reproduced from Dunn & Goa*?



the total cost of administering a dose is about US$13 ($8 drug, $2 staff time and $3 supply

cost).®

In view of the antifibrinolytic effect of TXA, there is interest in its use in a range of conditions

involving excessive bleeding.

1.5 ROLE OF SYSTEMATIC REVIEWS AND META-ANALYSES FOR ASSESSING THE EFFECTS OF

TRANEXAMIC ACID

Since husband and wife team Shosuke and Utako Okamoto first described TXA as an inhibitor of
fibrinolysis in 1962,% there has been interest in its use for a range of bleeding conditions.
Although research into TXA has been published in the medical literature for many decades, the
last 10 years or so has seen rapid growth in the number of publications. The LSHTM CTU
maintains a register of bibliographic records of publications about TXA. Figure 1.3 shows the

number of records included in the register by publication year.
Figure 1.3 Number of TXA research publications published per year from 1962 to 2017."
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The LSHTM CTU maintains a register of publication records identified through comprehensive
searches of bibliographic databases. This register includes 2225 records of articles published up
to the end of 2017, most of which were published in the last decade. Over the last 10 years,
there has been a five-fold increase (from 46 in 2008 to 286 in 2017) in the number of
publications. This abundance of research presents a considerable challenge for those who are

looking to understand the evidence for the effects of TXA. To stay up-to-date with the articles

v Numbers extracted from the register of bibliographic records maintained by the LSHTM CTU.
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published in 2017 alone would require reading 5-6 articles every week. Systematic reviews
therefore have an important role for translating the existing abundance of research into

manageable, valid syntheses.

A systematic review is an epidemiological study design that uses explicit and systematic methods
to collate all evidence that meet pre-defined inclusion criteria to answer a well-defined
question.*” Systematic reviews are key tools in the practice of evidence-based medicine that has
guided medical practice and teaching since the 1990s. Systematic reviews often include meta-
analysis, the statistical pooling of aggregate data from individual studies, to increase statistical

precision and generate a summary effect estimate.

Systematic reviews of randomised controlled trials are often considered to be at the top of the
hierarchy of evidence and increasingly support the development of health care guidelines at the
national and international level.®® *° They also have an important research role. Systematic
reviews are useful for identifying treatment uncertainties, which initiate the conduct of further
primary research. However, like all epidemiological study designs, systematic reviews are
vulnerable to bias, which requires careful consideration when planning, conducting, and

interpreting the results.

Systematic review methodology has evolved rapidly as its role in healthcare decision-making has
grown. As well as improvements in techniques for searching and assessing the methodological
quality of trials, extensions to standard meta-analytic techniques have allowed for further

investigation into the quality, reliability, and heterogeneity of the evidence.

This thesis presents a series of Research Papers in which | have explored the evidence for the
effects of TXA. Using systematic reviews alongside standard and more novel meta-analytic
techniques, | have undertaken a detailed investigation into the effects of TXA for surgical

bleeding, traumatic bleeding, and for preventing postpartum bleeding.
1.6 AIMS AND OBJECTIVES

| have undertaken a programme of work using systematic review methodology to evaluate the
evidence from randomised trials for the effects of TXA in patients with surgical bleeding,

traumatic bleeding, and for preventing postpartum haemorrhage.
My specific aims and objectives are:

1) To evaluate the evidence from randomised trials for the effects of TXA in patients undergoing

surgery, specifically to:

e quantify the effects of TXA on bleeding, blood transfusion, death and thromboembolic

events in surgical patients;



e investigate the quality of randomised trials of TXA for surgical bleeding.

2) To evaluate the evidence from randomised trials for the effects of TXA in patients with

traumatic bleeding, specifically to:

e quantify the effects of TXA on death, blood transfusion, and thromboembolic events in
bleeding trauma patients;

e estimate the number of avoidable trauma deaths by the routine use of TXA.

3) To evaluate the evidence from randomised trials for the effects of TXA for preventing

postpartum bleeding, specifically to:

e quantify the effects of TXA on postpartum bleeding, blood transfusion, death and
thromboembolic events in women giving birth;
e outline a proposed trial of TXA for preventing postpartum bleeding in women with

ahaemia.
1.7 STRUCTURE OF THESIS

| have prepared a paper-style thesis. It comprises six Research Papers published in peer-

reviewed journals, as well as one submitted manuscript currently under journal review.

The submitted and approved versions of the published papers are presented in the main text
with abstracts and endnotes omitted for clarity. Copies of the full, published versions are

included in the Appendices. The Research Papers are presented in Chapters 2-4.

The three Research Papers included in Chapter 2 address the effects of TXA in patients with
surgical bleeding. Research Papers 1 and 2 present the results of a systematic review of 129 trials
assessing the effect of TXA in surgical patients. In Research Paper 3, | present the results of my

further investigations into the quality of the evidence from the randomised trials.

Research Papers 4 and 5 included in Chapter 3 address the effects of TXA in patients with
traumatic bleeding. In Research Papers 4 and 5, | describe my research to quantify the effects of
TXA in bleeding trauma patients and the potential public health impact in terms of deaths

averted by the routine use of TXA.

Research Papers 6 and 7 included in Chapter 4 address the effects of TXA for preventing
postpartum haemorrhage. Research Paper 6 presents the evidence for the effects of TXA for
preventing postpartum bleeding and Research Paper 7 presents the protocol for a trial of TXA

for preventing postpartum bleeding in anaemic women.

Chapter 5 is the concluding section in which | summarise how, together, the results of the

individual papers further our understanding of the evidence from randomised trials for the



effects of TXA in patients with surgical bleeding, traumatic bleeding, and for preventing

postpartum haemorrhage, including implications for clinical practice and future research.
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2.0 WHAT ARE THE EFFECTS OF TRANEXAMIC ACID IN PATIENTS UNDERGOING
SURGERY?

2.1 INTRODUCTION TO RESEARCH PAPERS 1, 2 AND 3

As described in Chapter 1, surgical haemorrhage is an important cause of morbidity and is a
common indication for blood transfusion. TXA has been used in some surgical patient groups for

many years. However, uncertainties about its effects have prevented its routine use.

This chapter addresses Aim 1 of this thesis in which | use systematic review and meta-analytic
techniques to evaluate the evidence from randomised trials for the effects of TXA in surgical

patients. The chapter includes Research Papers 1-3."

YCopies of the PDF versions of the published manuscripts are included in Appendix D, Appendix J and
Appendix P
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2.2 TRANEXAMIC ACID FOR SURGICAL BLEEDING: SYSTEMATIC REVIEW AND CUMULATIVE META-

ANALYSIS

Katharine Ker, Phil Edwards, Pablo Perel, Haleema Shakur, lan Roberts
BMJ. 2012 May 17;344:e3054. doi: 10.1136/bmj.e3054.

Introduction

In October 2011, the BMJ published a randomised controlled trial of the effect of tranexamic
acid (TXA) on blood transfusion in patients undergoing radical retro-pubic prostatectomy.! The
authors pointed out that this was the first trial to assess the effect of TXA on blood transfusion
in this particular operation. Whilst this may be the case, it was not the first trial to examine the
effect of TXA on blood transfusion in surgery more generally. A systematic review published in
2001 presented data from 18 clinical trials and showed that TXA reduces the probability of blood
transfusion in elective surgery by 34% (RR=0.66, 95% Cl 0.54 to 0.81; p=0.004).% In this paper,
we assess the current evidence for the effect of TXA on blood transfusion, thromboembolic
events and mortality in surgical patients and use cumulative meta-analyses to examine how the

evidence has changed over time.
Methods

Methods of the analysis and inclusion criteria for this systematic review were specified in
advance and documented, although the protocol was not registered. The PRISMA checklist is
presented in Appendix E. We searched for all randomised controlled trials comparing TXA with
no TXA or placebo in elective and emergency surgery. There was no age restriction. Potentially
eligible trials were identified by searching the Cochrane Central Register of Controlled Trials
(2011, issue 3), MEDLINE (1950 to September 2011) and EMBASE (1980 to September 2011),
using a combination of subject headings and text words to identify randomised controlled trials
of any antifibrinolytic drug (the MEDLINE search strategy is presented in Appendix F). Searches
were not restricted by language or publication status. The WHO International Clinical Trials
Registry Platform was searched to identify ongoing or unpublished trials. The reference lists of
eligible trials and reviews were also examined. The search output was screened by two authors
working independently to identify records of potentially eligible trials, the full texts of which

were then retrieved and assessed for inclusion.
Outcome data

Outcome measures of interest were the number of patients receiving a blood transfusion, the

number of patients suffering a myocardial infarction, stroke, deep vein thrombosis and
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pulmonary embolism, and the number of deaths. We contacted trial authors to obtain any

missing outcome data.
Data extraction and risk of bias assessment

We extracted data on the age and gender of trial participants, type of surgery, dose and timing
of TXA, type of comparator and outcome data. We also collected information on whether a
systematic review had been conducted to support the rationale of the trial and whether a
systematic review was cited in the trial report. We assessed the risk of bias associated with the
method of sequence generation, allocation concealment, blinding and the completeness of
outcome data. As the risk of bias for blinding may vary according to outcome, it was assessed
separately for each outcome. Risk of bias was rated as being low, unclear or high according to

established criteria.?
Statistical analysis

Risk ratios (RR) and 95% confidence intervals (Cl) were calculated for each outcome and pooled
using a fixed effect model. Subgroup analyses were carried out to examine whether the effect
of TXA on blood transfusion varies by type of surgery. Sensitivity analyses were conducted to
qguantify the effect of TXA on all outcomes when restricted to trials with adequate allocation
concealment and blinded outcome assessment. We conducted a cumulative meta-analysis of
the effect of TXA on blood transfusion based on the date of publication and cumulative meta-
analyses of the effect of TXA on blood transfusion, myocardial infarction and mortality when
restricted to adequately concealed trials. Heterogeneity was examined by visual inspection of
forest plots, the I-squared statistic and the chi-squared test. We inspected funnel plots for the
presence of small study effects. Statistical analyses were conducted using STATA version 11 and

RevMan version 5. %°
Results

Figure 2.1 shows the trial selection process. We identified 127 articles® 63! describing 129
randomised controlled trials that included 10,488 patients 5,484 were allocated to TXA and
5,004 were allocated to a control group. The median sample size was 60 patients (range 10 to
660). There were 126 (98%) trials in elective surgery and three trials (2%) in emergency surgery.

Eleven (8%) trials involved paediatric patients.
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Figure 2.1 PRISMA flow diagram of the selection of trials
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We contacted the authors of 86 trials for missing data, 39 of whom provided additional
information. Blood transfusion data were available for 95 (74%) trials, myocardial infarction data
for 73 (56%) trials, stroke data for 71 (55%) trials, deep vein thrombosis data for 72 (56%) trials,
and pulmonary embolism data for 66 (51%) trials and mortality data for 72 (56%) trials. Seven
(5%) trials did not present any data on the outcome measures of interest to this review or

reported data in a format that was unsuitable for inclusion in the analyses.

We identified 14 ongoing trials 110123

with a median planned sample size of 130 patients. The 14
trials were in orthopaedic (n=5), cardiac (n=4), cranial (n=2), hepatic (n=1), ENT (n=1) and
gynaecological (n=1) surgery. In 12 of the 14 trials blood transfusion was a main outcome

measure.
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Risk of bias

The risk of bias judgements for each methodological quality item for the included trials are
presented in Appendix G. We judged 44 (34%) trials to be at low risk of bias for sequence
generation and five (4%) trials to be at high risk. The risk of bias in the remaining 80 (62%) trials
was unclear due to lack of information. Allocation was adequately concealed in 36 trials (28%),
inadequately concealed in six (5%) trials, with the other 87 (67%) trials presenting insufficient
information to allow judgement. For blinding, of the 95 trials with data on blood transfusion, 69
(73%) were judged low risk, four (4%) at high risk and 22 (23%) were unclear. The risk of bias for
blinding was similar for thromboembolic outcomes (myocardial infarction, stroke, deep vein
thrombosis and pulmonary embolism), with approximately 70% judged to be at low risk, 5% at
high risk and 25% at unclear risk. All 72 trials with mortality were judged to be at low risk of bias
for blinding. Of 115 trials reporting eligible outcome data, 72 (63%) were at low risk of bias for
incomplete outcome data, 17 (15%) at high risk, and 26 (23%) trials did not describe adequate

information to permit judgement.
Quantitative data synthesis

The results of the meta-analysis are presented in Table 2.1.

Table 2.1 Meta-analysis of effect of TXA on blood transfusion, thromboembolic events and

mortality
Events Pooled Risk Ratio Test for Heterogeneity
(TXA/control) (95% ClI) effect (1%; p value)
(p value)

Blood transfusion
All trials 1067/1520 0.62 (0.58 to 0.65) <0.001 69%; <0.001
Well concealed trials 459/ 609 0.68 (0.62 to 0.74) <0.001 55%); <0.001
Adequate blinding 847/ 1182 0.63 (0.59 to 0.68) <0.001 54%; <0.001
Myocardial infarction
All trials 23/35 0.68 (0.42 to 1.09) 0.11 0%; p=0.90
Well concealed trials 16/25 0.70 (0.39to0 1.25) 0.22 0%; p=0.82
Adequate blinding 18/33 0.59 (0.36 to0 0.98) 0.04 0%; p=0.81
Stroke
All trials 23/16 1.14 (0.65 to 2.00) 0.65 0%; p=0.92
Well concealed trials 5/4 1.18 (0.36 t0 3.83) 0.78 0%; p=0.92
Adequate blinding 23/16 1.14 (0.65 to 2.00) 0.65 0%; p=0.92
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Deep vein thrombosis

All trials 25/29 0.86 (0.53 to 1.39) 0.54 0%; p=0.96
Well concealed trials 13/14 0.92 (0.45 to 1.85) 0.81 0%; p=0.81
Adequate blinding 18/22 0.82 (0.46 to 1.44) 0.49 0%; p=0.98

Pulmonary embolism

All trials 4/8 0.61 (0.25 to 1.47) 0.27 0%; p=0.96
Well concealed trials 1/3 0.52 (0.10to 2.75) 0.44 0%; p=0.80
Adequate blinding 4/6 0.70 (0.26 to 1.87) 0.48 0%; p=0.91
Mortality

All trials 20/34 0.61 (0.38 to 0.98) 0.04 0%; p=0.97
Well concealed trials 9/15 0.67 (0.33 to 1.34) 0.25 0%; p=0.85
Adequate blinding 20/34 0.61 (0.38t0 0.98) 0.04 0%; p=0.97

Risk of blood transfusion

Data on blood transfusion were available for 95 trials including a total of 7,838 patients. TXA
reduced the probability of receiving a blood transfusion by 38% (pooled RR=0.62, 95% CI 0.58 to
0.65; p<0.001). When the analysis was restricted to the 32 adequately concealed trials involving
3,408 patients, TXA reduced the risk of receiving a blood transfusion by 32% (pooled RR=0.68,
95% Cl 0.62 to 0.74; p<0.001). When the analysis was restricted to the 69 trials involving 5,968
patients with adequate blinding for this outcome, TXA reduced the risk of blood transfusion by

37% (pooled RR=0.63, 95% CI 0.59 to 0.68; p<0.001).

The trials with blood transfusion data involved cardiac (n=42), orthopaedic (n=36), cranial &
orthognathic (n=7), gynaecological (n=5), hepatic (n=2), urological (n=2), and vascular (n=1)
surgery. There was a statistically significant reduction in blood transfusion in cardiac,
orthopaedic, cranial & orthognathic, hepatic, and urological surgery (Table 2.2). The pooled
estimates for blood transfusion were consistent with a reduction in the TXA group amongst trials
in vascular and gynaecological surgery although the results were imprecise. Heterogeneity in

the effects of TXA by surgery type: 12 = 59%, p=0.02.

Table 2.2 Meta-analysis of effect of TXA on risk of blood transfusion, stratified by type of surgery

Events Pooled Risk Ratio Test for effect Heterogeneity
Type of surgery (TXA/control) (95% Cl) (p value) (1%; p value)
Cardiac 622/835 0.65 (0.60 to 0.70) <0.001 60%; p<0.001
Orthopaedic 298/462 0.55 (0.49 to 0.61) <0.001 83%; p<0.001
Hepatic 29/54 0.52 (0.39 to 0.68) <0.001 93%,; p<0.001
Urological 40/60 0.66 (0.48 to 0.91) 0.01 2%; p=0.31
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Events Pooled Risk Ratio Test for effect Heterogeneity
Type of surgery (TXA/control) (95% CI) (p value) (1%; p value)
Vascular 11/19 0.58 (0.34 to0 0.99) 0.05 -
Gynaecological 17/50 0.86 (0.48 to 1.54) 0.61 65%; p=0.06
Cranial & 46%; p=0.12
52/76 0.63 (0.45 to 0.86) 0.004
orthognathic

Thromboembolic events

There was uncertainty regarding the effect of TXA on myocardial infarction (RR=0.68, 95 % Cl
0.43 to 1.09; p=0.11), stroke (RR=1.14, 95 % CI 0.65 to 2.00; p=0.65), deep vein thrombosis
(RR=0.86, 95 % Cl 0.53 to 1.39; p=0.54) and pulmonary embolism (RR=0.61, 95% CI 0.25 to 1.47;
p=0.27). The results were similar when the analyses were restricted to trials with adequate

allocation concealment and trials with blinded outcome assessment.
Mortality

There were fewer deaths in the TXA treated group (RR=0.61, 95% Cl| 0.38 to 0.98; p=0.04)
although there was uncertainty regarding this effect particularly when the analysis was

restricted to the 28 adequately concealed trials (RR=0.67, 95% Cl 0.33 to 1.34; p=0.25).
Cumulative meta-analyses

The results of the cumulative meta-analysis of the 95 trials with data on blood transfusion are
presented in Appendix H. A statistically significant effect of TXA on transfusion was first observed
after publication of the third trial in 1993 (RR=0.59, 95% Cl 0.43 to 0.80; p=0.001). Although
subsequent trials have increased the precision of the point estimate, there has been no

substantive change in the direction or magnitude of the treatment effect.

Figure 2.2 shows the cumulative meta-analyses of the effect of TXA on blood transfusion,
myocardial infarction and mortality amongst the trials with adequate allocation concealment. A
statistically significant effect of TXA on blood transfusion was consistently observed after

publication of the tenth trial in 2001.
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Figure 2.2 Meta-analysis and cumulative meta-analysis of effect of TXA in surgery on risk of

blood transfusion, myocardial infarction and mortality in adequately concealed trials
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Small study effects

Inspection of the funnel plot (Figure 2.3) for the outcome blood transfusion suggested the
presence of small study effects favouring TXA. There was no clear asymmetry in the funnel plots

for the other outcomes.
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Figure 2.3 Funnel plot with pseudo 95% confidence limits for meta-analysis of effect of TXA on

risk of blood transfusion
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Citation of previous systematic reviews

We identified 30 systematic reviews of the effects of TXA in surgery published between 1994
and 2011.%8% 132161 Assuming a 12 month publication time lag, 98 of the 116 (84%) included trial
reports published as full journal articles were published when at least one systematic review
was available. Examination of the references lists of these reports indicated that 45 (46%) did
not cite any of the available systematic reviews. The authors of two of the 116 trial reports had

conducted a systematic review and presented the findings within the final trial publication.
Discussion
Principal findings

Reliable evidence that tranexamic acid (TXA) reduces blood transfusion in surgical patients has
been available for over a decade. The treatment effect varies somewhat according to the type
of surgery but the effect is consistently large and remains so when the analysis is restricted to
trials with adequate allocation concealment. The effect of TXA on thromboembolic events and
mortality has not been adequately assessed by clinical trials in surgery and remains uncertain.

In view of the evidence, those planning further placebo controlled trials should explain why they
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think that TXA might not reduce blood transfusion in the particular group of surgical patients
under consideration, and focus their efforts on resolving the uncertainties about the effect of

TXA on thromboembolic events and mortality.
Strengths and weaknesses

The inferences that can be made from the included trials depend on their quality and many had
methodological limitations. However, the large and statistically significant effect on blood
transfusion remained when the analysis was restricted to trials with adequate allocation

concealment and with adequate blinding.

We systematically searched a range of databases for published and unpublished trials. However,
we cannot exclude the possibility that some were missed. Indeed, the observed asymmetry in
the funnel plot could be explained by publication bias. If there are many unpublished trials
showing little or no effect of TXA on blood transfusion, then this meta-analysis may have
overestimated the treatment effect. Although some degree of overestimation is likely, it seems

improbable that publication bias could account for all of the observed effect.

Although there was no obvious asymmetry in the funnel plots for the mortality and
thromboembolic outcomes, publication and other reporting biases remain a potential threat to
the validity of the effect estimates. Mortality data were reported in only one third of the
included trials and less than half reported data on myocardial infarction, stroke, deep vein
thrombosis and pulmonary embolism. Inadequate reporting of adverse events is not unusual in
reports of clinical trials and hinders the reliable estimation of treatment effects.6? 163 After
contacting the trial authors we obtained some missing data and were able to include mortality
data for three-quarters of the included trials and data on myocardial infarction, stroke, deep
vein thrombosis and pulmonary embolism for about half of the trials. However, the effect of
outcome reporting bias in this review remains open to question. Even if there was no significant
bias, the precision of the estimates is low and the data are compatible with either a moderate

increase or a moderate decrease in the risk of thromboembolic events.
Implications

The evidence in this review suggests that the uncertainty regarding the effect of TXA on blood
transfusion in surgical patients was resolved over a decade ago however, uncertainties about its
effect on thromboembolic events and mortality persist. Despite this, trials of TXA continue to
assess the effect on blood transfusion. One reason may be a reluctance to generalise the
evidence across surgery types, although there is no evidence that the relative effect of TXA on
blood transfusion varies by type of surgery. A second reason may be that trialists are unaware

of the existing evidence when initiating a new trial. Our observation that only half of the trials
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cited one or more of the available systematic reviews and just two conducted their own
systematic review, does suggest that many trialists are indeed failing to adequately consider the

existing evidence.

Blood is a scarce and costly resource and blood transfusion is not without risk. The cost of a unit
of red cells to the NHS has increased from £78 in the year 2000 to £125 in 2011 and blood
transfusion has a number of rare but serious adverse effects. Worldwide, most people do not
have access to safe blood. Globally, the most important transfusion-related risks are HIV,
hepatitis B virus and hepatitis C virus, due to their high prevalence. That TXA safely reduces the
need for blood transfusion in surgery has important health and economic implications in high,
middle and low income countries. The evidence that TXA reduces transfusion is strong but the
safety of the routine administration of TXA to surgical patients remains uncertain. A modest
increase in the risk of thromboembolic effects could outweigh the benefits of reduced blood
use. Although some increased risk might be expected on theoretical grounds, recent evidence
from the CRASH-2 trial of TXA in bleeding trauma patients showed a statistically significant
reduction in mortality with no increase in thromboembolic effects. Indeed, there was a
statistically significant reduction in the risk of myocardial infarction in trauma patients who

received TXA.1%

Further small trials of TXA in surgical patients considered in isolation will not resolve the
uncertainties about the effects on thromboembolic events and mortality. Because
thromboembolic events are relatively rare, such trials lack statistical power to detect clinically
important increases in risk, and a meta-analysis of small trials remains vulnerable to publication
bias. The ongoing ATACAS trial®®> with a planned sample size of 4,300 high-risk coronary artery
surgery patients, should contribute importantly to resolving the uncertainty about the effect of
TXA on mortality and thromboembolic events in this specific group. We urge investigators
involved in all ongoing trials of TXA in surgery to collect data on thromboembolic events and
mortality, for inclusion in a prospective meta-analysis until the uncertainties are resolved.
However, there remains a need for a large pragmatic clinical trial of the effect of the routine
administration of TXA in a heterogeneous group of surgical patients. The possibility that TXA
might reduce mortality without any increase in the risk of thromboembolic events would justify

the effort and expenditure involved.
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2.3 SYSTEMATIC REVIEW, META-ANALYSIS AND META-REGRESSION OF THE EFFECT OF TRANEXAMIC

ACID ON SURGICAL BLOOD LOSS

Katharine Ker, David Prieto-Merino, lan Roberts

British Journal of Surgery 2013 Sep;100(10):1271-9.
Introduction

Tranexamic acid (TXA) reduces the probability of receiving a blood transfusion in surgery. A
systematic review of randomised controlled trials showed that TXA reduces the probability of
blood transfusion by 38% (pooled risk ratio=0.62, 95% Cl 0.58 to 0.65; p<0.001).! However, the
extent to which TXA reduces surgical bleeding and its relationship with the dose of TXA and type
of surgery remains uncertain. Because the decision to transfuse depends on factors other than
blood loss, the effect on blood transfusion may not be an accurate indicator of the effect of TXA

on surgical bleeding.

Clinical trials of TXA in surgery usually report the mean blood loss in each group. Previous
systematic reviews have combined these data to obtain the average difference in mean blood
loss between the TXA and control groups. However, the usefulness of such a measure is
questionable. It would be surprising if TXA reduced blood loss by the same volume in surgical
procedures that involve different amounts of bleeding. On the other hand, it may be reasonable

to expect a similar percentage reduction in blood loss with TXA.

The objective of this study is to examine whether the effect of TXA on blood loss varies with the
extent of surgical bleeding. The magnitude of the percentage reduction in blood loss with TXA
is estimated and how the effect varies by type of surgery, timing of TXA administration, trial

quality, and dose is assessed.
Methods

A systematic review of randomised controlled trials of TXA in surgical patients was conducted.
The methods used to identify trials for the review are described in detail elsewhere?. In brief, a
comprehensive search was undertaken for all randomised controlled trials comparing
intravenous TXA with placebo or no intervention in elective or emergency surgery. Two authors
screened the search output and the full texts of all eligible trials were obtained. Information was
extracted on patient characteristics, type of surgery, dose and timing of TXA administration and
average blood loss (mean and standard deviation). The risk of bias associated with sequence
generation, allocation concealment, blinding, and the completeness of outcome data was

assessed for each trial.
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Data analysis

To explore the relationship between the reduction blood loss with TXA and the extent of
bleeding, for each trial the mean blood loss in the TXA group was plotted against the mean blood
loss in the control group. This relationship was examined using a linear regression estimated
using a Bayesian model as proposed by Thompson et al? to account for random sampling error
in the estimates of the regression variables (i.e. in the sample means from each trial). Statistical

details of the model are given in Appendix K.

To quantify the effect of TXA on the percentage reduction in blood loss, a meta-analysis using
both fixed and random effects models was conducted. For the purpose of the meta-analysis,
blood loss data were log transformed and the analysis conducted using the transformed values.
The formulae used for the transformations are given in Appendix K. A meta-analysis (using
arithmetic means) of the differences in means using the transformed blood loss data
corresponds to a meta-analysis (using geometric means) of the ratio of means in the original
scale. The pooled estimates were back-transformed to give the blood loss ratios and 95%
confidence intervals on the original scale. Statistical heterogeneity was examined by visual

inspection of forest plots, the |2 statistic and the x? test.

Subgroup analyses were undertaken to assess the effect of TXA by the type of surgery, timing of
TXA administration (pre-incision, post-incision), allocation concealment (adequate, unclear,
inadequate) and type of comparator (placebo or no intervention). Heterogeneity between
subgroups was assessed using the x? test (fixed effect analysis only). Finally, a random effects
meta-regression was carried out to investigate the association between the effect of TXA on
blood loss and the total dose of TXA (mg/kg) as a continuous variable. If a fixed dose was used
in the trials (e.g. 1000mg) it was converted to mg/kg by dividing by 70kg. A funnel plot was
inspected for the presence of small study effects. We used STATA (version 12)° statistical

software for all analyses.
Results

Figure 2.4 PRISMA flow diagram for the selection of trials shows the trial selection process.
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Figure 2.4 PRISMA flow diagram for the selection of trials
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One hundred and twenty-nine randomised controlled trials were identified. The characteristics
of the included trials are summarised in (Appendix L). Nine reports described multi-arm trials
involving a total of 23 eligible pair-wise comparisons; each of these was included in the analysis
as separate trials. One hundred and four randomised comparisons described in 90 articles,**3
reported data on blood loss in a format suitable for this analysis. These trials involved a total of

8030 patients, 4224 received TXA and 3806 received a placebo or no intervention.

The trials involved cardiac (n=54), orthopaedic (n=33), obstetric & gynaecological (n=7), head &
neck (n=7), breast cancer (n=1), hepatic (n=1) and urological (n=1) surgery. Eighty trials gave TXA
prior to surgical incision and 24 trials gave TXA after incision. Thirty-three trials were assessed
as being adequately concealed (low risk of bias), five trials as inadequately concealed (high risk
of bias). The remaining 66 trials presented insufficient information on allocation concealment to
allow judgement and were rated as unclear. Seventy-five trials were placebo-controlled,

whereas a no intervention group was used as the control in the remaining 29 trials.
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Effect of TXA on blood loss

Figure 2.5 shows the relationship between mean blood loss in the TXA group and mean blood

loss in the control group.

Figure 2.5 Mean blood loss in the TXA group versus mean blood loss in the control group with

regression lines
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The mean blood loss in the TXA group increased as the mean blood loss in the control group
increased, but to a lesser extent. The intercept of the regression line (dotted line) estimated by
the Bayesian model was 4 ml (95% credibility interval -8 ml to 18 ml), a negligible value in the
context of the observed blood loss estimates. The Bayesian model corresponded closely with
the regression line predicted assuming a constant percentage reduction in blood loss (dashed

line) and an intercept of zero.

Figure 2.6 shows the summary results of a fixed effect meta-analysis of the percentage reduction

in blood loss with TXA.
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Figure 2.6 Results of fixed effect meta-analysis of the effect of TXA on blood loss stratified by

type of surgery, timing of TXA administration, adequacy of allocation concealment and type of

comparator.

Subgroup No. patients Meta-analysis {fixed effect) Ratio* {95% Cl)

Type of surgery
Cardiac 4114 - 0.64 (0.63 to 0.65)
Orthopaedic 1881 —-— 0.64 (0.62 to 0.67}
Head & neck 325 —_— 0.75 (0.68 tc 0.82)
Obs & gynae 1330 --— 0.74 (0.72t0 0.76}
Urological 200 - 0.72 (0.59 t0c 0.87)
Hepatic 20 0.55 (0.30 to 1.03}
Breast cancer 160 = 0.68 (0.56t0 0.82)

Test for subgroup differences:;y’=87.24; P<0.0001

Timing of TXA
Pre-incision 6654 - 0.67 (0.66 to 0.68}
Post-incision 1376 b 0.63 (0.60 to 0.65)

Test far subgroup differences: y2=11.29; P=0.001

Allocation concealment
Adequate 3166 - 0.70 (0.68 tc 0.72)
Unclear 4404 - 0.64 (0.63 to 0.65)}
Inadequate 460 — 0.77 (0.74 to 0.80)

Test for subgroup differences: y?=97.66; P<0.0001

Comparator
Placebo 6269 = 0.67 (0.66 toc 0.68)
No intervention 1761 -L 0.66 (0.65 to 0.67)

Test for subgroup differences: y?=1.42; P=0.234

Overall 8030 L J 0.66 {0.65 to 0.67)

Test far averall effect: Z=60.79; P<0.0001

Heterageneity: y3=592.75, df=103, p<0.001,12=83%

"Back-transformed ratio of geometric means 06 Favours TXA 08 L0 Favours control

A forest plot showing the estimates from each trial is shown in Appendix M. The back-
transformed pooled ratio of blood loss with TXA was 0.66 (95% ClI 0.65 to 0.67; p<0.001)
indicating that TXA reduced blood loss by 34%. There was substantial statistical heterogeneity
between trials (1°=83%). There was heterogeneity in the magnitude of effect by type of surgery
although the extent of the variation was small. All of the subgroup estimates were consistent
with a reduction in blood loss, and all but one was statistically significant at the 5% level. TXA
had a greater effect on blood loss when given after incision, although the difference between
the pre and post-incision estimates was small. There was heterogeneity in the magnitude of
effect by adequacy of allocation concealment. When the analysis was restricted to the 33
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adequately concealed trials, TXA reduced blood loss by 30% (0.70, 95% Cl 0.68 to 0.72; p<0.001).
There was no evidence for heterogeneity in the estimated effects of TXA when compared to a
placebo or a no intervention control group. The results from random effects meta-analyses were

similar to the fixed effect analyses and are shown in (Appendix N).

A fixed dose was converted to the equivalent mg/kg dose in 21 trials. The total dose of TXA used
in the trials ranged from 5.5mg/kg to 300mg/kg. The median dose was 22mg/kg with the
majority of trials (70%) using a total dose of 30mg/kg or less. Results from the meta-regression
suggested that the effect of TXA on blood loss did not vary over the dose range assessed

(coefficient=0.889, 95% Cl 0.787 to 1.004; p=0.059).

There was no clear asymmetry in the funnel plot (Figure 2.7).

Figure 2.7 Funnel plot with pseudo 95% confidence limits for meta-analysis of effect of TXA on

blood loss
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Discussion

Tranexamic acid reduces surgical blood loss by about a third. Although the magnitude of the
reduction differs by type of surgery and timing of TXA administration, the differences are small
and are unlikely to be clinically important. A total dose of 1g is likely to be sufficient for most

adults and there is no evidence to support the use of high doses.

The validity of these results depends on the quality of the included trials and many were of low

quality. Less than a third of trials were judged to be at low risk of bias on the basis of allocation
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concealment. Nevertheless, even when the analysis was restricted to adequately concealed

trials, the effect of TXA on blood loss remained large and highly statistically significant.

Statistical heterogeneity between trials was substantial and was not explained by type of
surgery, trial quality, the timing of TXA administration or dose. Differences in the methods used
to estimate blood loss, the duration over which blood loss was measured, and other aspects of

trial quality may explain some of the heterogeneity.

The subgroup analyses showed that the effect of TXA on blood loss varied by type of surgery,
trial quality and timing of TXA. However, the extent of the variation was small and the clinical

importance of such small variations is questionable.

There was no obvious asymmetry in the funnel plot, but reporting bias remains a concern
particularly as about one fifth of trials were not included in the analysis due to unsuitable data
or inadequate reporting. If many of these or other unpublished trials, showed little or no effect
of TXA on blood loss, the analysis would have overestimated the treatment effect. Although, in
consideration of the magnitude and precision of the effect, it is unlikely that any such bias would

account for all of the observed effect.

The reduction in bleeding with TXA is almost identical to the reduction in the risk of receiving a
blood transfusion with TXA suggesting that in surgery, transfusion may be closely titrated to
blood loss. This might not be the case in trauma patients. The CRASH-2 trial found that early
administration of TXA reduced the risk of death due to bleeding by about one third but there

was no clear reduction in the risk of receiving a blood transfusion.®* %

Although there is reliable evidence that TXA reduces bleeding and blood transfusion in surgery,
its effect on other important outcomes including death and thromboembolic events remains
uncertain.! There is no evidence that it increases the risk of thromboembolic events but it is a
theoretical concern that may deter some surgeons from using TXA. These uncertainties need to

be resolved before TXA can be recommended for routine use in surgery.

The apparent lack of a dose-response relationship across the range of doses examined (5.5 to
300 mg/kg) has important implications for the use of TXA in surgery. TXA crosses the blood brain
barrier and there is some evidence from observational studies of patients undergoing cardiac
surgery that high-dose TXA (=100 mg/kg) may cause seizures.’® °7 Our results imply that the
clinical benefit of TXA on bleeding can be achieved at doses much lower than those associated
with such adverse effects. Indeed, a total dose of about 14 mg/kg (or about 1g in adults) appears

to be sufficient for most patients.
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24 EXPLORING REDUNDANT RESEARCH INTO THE EFFECT OF TRANEXAMIC ACID ON SURGICAL

BLEEDING: FURTHER ANALYSIS OF A SYSTEMATIC REVIEW OF RANDOMISED CONTROLLED TRIALS

Introduction to paper 3

The results of the systematic review described in Research Papers 1 and 2 suggest that TXA
reduces surgical bleeding. The results of the cumulative meta-analysis in Research Paper 1
suggest that this has been known for many years. Despite this, trials continued to be initiated.
To explore this further, | undertook further analyses to explore possible explanations for the

continued trial activity. The results of these analyses are presented in Research Paper 3.
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Exploring redundant research into the effect of tranexamic acid on surgical bleeding: further

analysis of a systematic review of randomised controlled trials
Katharine Ker, lan Roberts
BMJ Open. 2015 Aug 24;5(8):e009460.

Introduction

Results from cumulative meta-analyses are often cited as proof that many researchers fail to
systematically review the evidence from existing trials before initiating new trials. For example,
a cumulative meta-analysis of aprotinin in cardiac surgery® showed that trials were initiated long
after the pooled estimates showed a statistically significant effect. Commenting on the paper,
Chalmers observed that it "compellingly demonstrates why all new research — whether basic or
applied — should be designed in the light of scientifically defensible syntheses of existing research
evidence, and reported setting the new research in the light of the totality of the available
evidence”.? Similar conclusions have been made on the basis of other cumulative meta-
analyses.>®

When the apparently redundant aprotinin trials were conducted, systematic reviews were
relatively uncommon and failure to review the previous trials was a plausible explanation for the
redundancy. However, given the increase in published reviews and their easy availability, lack of
awareness of what has gone before is nowadays a less credible explanation for redundancy. We
found that seemingly redundant trials of the effect of tranexamic acid (TXA) on blood transfusion
were conducted even though many of them cited a systematic review concluding that the
uncertainty had been resolved.® Habre et al’ found that 73% of trials of an anaesthetic
intervention, cited a systematic review showing that the uncertainty about its effects had been
resolved. They also observed that the number of new trials increased after publication of the
review and suggested that the strong pressure to publish and the failure of ethics committees

to ensure the clinical relevance of new trials could be the main reasons.

We considered two alternative explanations for the apparent redundancy. First, that trialists
may be sceptical about the results of even seemingly conclusive reviews. Such scepticism may
arise from concerns about systematic or random errors distorting the results. Poor quality trials
can introduce bias and multiple statistical testing as new trials accumulate may increase the risk
of false positive results. Second, even in the absence of substantial bias or random error, there
may be a reluctance to generalise trial results to different patient groups. If this were the case,
strong evidence of a treatment effect might be expected to lead to more trial activity rather
than less, as researchers examine the impact of patient or intervention characteristics on the

results.
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We used data from a cumulative meta-analyses of trials examining the effect of TXA on blood
transfusion in surgery, to explore whether deficiencies in the quality of the evidence justify the
continuation of trial activity. We explored the impact of trial quality on effect estimates and
used trial sequential analysis to quantify required information sizes and construct monitoring
boundaries to assess the risk of random error affecting the cumulative estimate. We examined
whether patient characteristics changed over time and the reasons given by the trial

investigators for conducting their trial.
Methods
Systematic review

We extracted data from trials included in our previous systematic review of tranexamic acid
(TXA) for surgical bleeding. The methods used to the identify trials are described in detail
elsewhere.® Briefly, we searched for all randomised controlled trials comparing TXA with placebo
or a no treatment control. We searched the Cochrane Central Register of Controlled Trials,
Medline, Embase and the WHO International Clinical Trials Registry Platform, using a
combination of subject headings and text words to identify randomised controlled trials of any
antifibrinolytic drug (see Appendix Q for Medline search strategy). We updated our searches to
May 2014 to incorporate trials published since the original version of the review. Data were
extracted on patient characteristics, type of surgery and the number of patients who received a
blood transfusion. We used the Cochrane Collaboration’s tool for assessing risk of bias in the
included trials.® We assessed the risk of bias associated with the method of sequence
generation, allocation concealment, blinding and the completeness of outcome data. Trials were
rated as being at high, low or unclear risk of bias for each domain. We considered trials with

adequate allocation concealment and blinded outcome assessment to be at low risk of bias.
Analysis
Systematic review and meta-analyses

We calculated risk ratios and 95% confidence intervals to assess the effect of TXA on blood
transfusion. We pooled the data in a fixed effect cumulative meta-analysis based on date of
publication. We conducted separate meta-analysis for all trials, trials at low risk of bias, and trials
at low risk of bias that had pre-specified blood transfusion as an outcome on a registration

record.
Trial sequential analyses

We used trial sequential analyses (TSA) to examine the reliability of the cumulative meta-

analysis. TSA involves calculating the number of participants (i.e. information size) required
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before the result of a meta-analysis can be considered reliable and constructs statistical
monitoring boundaries to account for type | and type Il errors due to multiple testing.® We
conducted three analyses: (1) all trials, (2) trials at low risk of bias, and (3) prospectively
registered, low risk of bias trials with blood transfusion as a pre-specified outcome. We
calculated the required meta-analysis information size assuming a type | error of 5% and 90%
power, a baseline event rate of 40% and a relative risk reduction of 15%. We chose a relative
risk reduction of 15% as we judged this to represent a minimally clinical important effect. The

estimate was adjusted for maximum anticipated heterogeneity of 1>=75%.

We used Microsoft Excel, STATA version 13%°, RevMan 5.3 and the TSA Software version 0.9

beta!? for the analyses.

To explore the hypothesis that reliable demonstration of a treatment effect leads to an increase
in trial activity, we plotted the precision of the pooled effect estimate (described by the standard
error of the cumulative pooled risk ratio) against the number of new trials initiated (defined as
start date of recruitment) per year. We did this both for all trials and for the subset of cardiac

surgery trials.
We also plotted the publication date of each trial stratified by surgery type.

We examined trial reports to explore the reasons given for trial initiation and categorised the

reasons into main themes.

Finally, we explored how the size and quality of trials changed over time. We compared the
mean sample size and the proportion of trials at low risk of bias that were published before and

after the Cochrane systematic review by Henry et al.:3

This systematic review was chosen as it
was the first and most comprehensive review conducted on the effect of TXA in surgical
bleeding. The review was published in October 1999. We allowed for a five year time lag for the
results of the review to have an impact on published research and compared trials published

before and after 1 November 2004.
Results
Systematic review and meta-analyses

We found 126 trials with 12,429 patients of the effect of tranexamic on blood transfusion in
surgery with data suitable for analysis. One hundred and twenty trials (95%) were conducted in
a single-centre. The median sample size was 79 patients (range 10 to 660). The trials involved
cardiac (n=51), orthopaedic (n=49), obstetric and gynaecological (n=10), cranial (n=9), urological
(n=3), hepatic (n=2), vascular (n=1), and abdominal (n=1) procedures. Thirty-eight (30%) trials

had adequate allocation concealment and blinded outcome assessment and were considered at
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low risk of bias. We identified a clinical trial registration record for 24 (19%) trials. Six (5%) trials
had been prospectively registered, four (3%) of which had pre-specified blood transfusion as an
outcome and two of these (2%) were at low risk of bias. Allowing for a 12 month publication
time lag, 110 of the 118 (93%) trial reports published as journal articles were published when at
least one systematic review was available. Examination of the references lists showed that 68

(62%) cited one of the available systematic reviews.

Based on all 126 included trials, TXA administration appeared to reduce the risk of receiving a
blood transfusion by 38% (pooled RR=0.62; 0.59 to 0.65; p<0.0001). The cumulative estimate
was statistically significant (p<0.05) after the second trial (published in August 1993) and
remained so thereafter. Based on data from the 38 trials at low risk of bias, TXA appeared to
reduce the risk of receiving a blood transfusion by 32% (pooled RR=0.68; 0.63 to 0.73; p<0.001).
The cumulative estimate was first statistically significant after the fourth high quality trial but
remained statistically significant after the sixth trial. For all trials and for trials at low risk of bias,
we observed funnel plot asymmetry consistent with a deficit of small trials showing no
treatment effect. When the analysis was limited to the two low risk of bias, prospectively
registered trials that pre-specified blood transfusion as an outcome measure, TXA appeared to

reduce the risk of transfusion by 21% (pooled RR=0.79, 0.71 to 0.87; p<0.001).

Trial sequential analyses

Figure 2.8 shows the results of the trial sequential analyses. The required information size was
estimated at 10,888 patients. For each analysis an information size (IS) was calculated on the
basis assuming a=5%, B=10%, control group event rate of 40%, relative risk reduction of 15%
and anticipated maximum heterogeneity of 1°’=75%. The solid black line illustrates the

cumulative z curve, the solid grey line shows the trial sequential monitoring boundary.
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Figure 2.8 Results of trial sequential analyses for a) all trials; b) trials at low risk of bias; and c)

low risk of bias trials with transfusion pre-specified on prospective registration record.
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Based on data from all 126 trials, there appears to be strong evidence that TXA reduces the risk
of blood transfusion in surgery. The z-curve crosses the monitoring boundary before the

heterogeneity-adjusted information size is achieved when the 28th trial published in March
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2001. Prior to this point there were 26 potentially spurious p-values. Since the monitoring

boundary was crossed, a further 98 trials have been published.

Based on the 38 low risk of bias trials, there appears to be strong evidence that TXA reduces
blood transfusion. The z-curve crosses the monitoring boundary after the 22nd high quality trial
published in November 2008. Prior to this point there were 18 potentially spurious p-values.

Since the monitoring boundary was crossed, a further 15 high quality trials have been published.

When the analysis is restricted to the two low risk of bias trials which had pre-specified blood
transfusion as an outcome, the z-curve does not cross the monitoring boundary and the
heterogeneity-adjusted information size is not achieved. There is one potentially spurious p-

value.

Figure 2.9 shows the precision of the cumulative pooled estimate (standard error of the log

cumulative RR) and the number of trials initiated per year from 1991 to 2014.

Figure 2.9 Precision of the cumulative pooled estimates described by the standard error of the

RRs (left hand axis) and the number of trials (five year moving averages, right hand axis) initiated

per year.
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As the precision of the pooled estimate increases (i.e. decrease in the standard error), the

number of new trials initiated each year also increases. A similar pattern is observed for trials in

cardiac surgery (Figure 2.10).
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Figure 2.10 Precision of the cumulative pooled estimates for the effect of TXA in cardiac surgery
described by the standard error of the RRs (left hand axis) and the number of trials (five year

moving averages, right hand axis) initiated per year.
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Figure 2.11 shows a timeline of the publication of the trials, stratified by surgery type. It appears
that trials were first conducted in cardiac surgery and shortly afterwards in orthopaedic surgery.
Trial activity then expands to other types of surgery namely cranial, urological and

gynaecological surgery.

Figure 2.11 Timeline of publication of trials of TXA stratified by type of surgery.
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Qualitative review of trial justifications

Eight trials were reported in abstract or summary form only, leaving 118 trials reported in
sufficient detail to extract information on the rationale. A summary of the extracted information
is shown in Table 2.3. Concerns about the generalisability of the available evidence was used to
justify 71 (60%) trials. These trials sought to replicate a previously observed beneficial effect of
TXA onsurgical bleeding but in a different group of patients, such as those undergoing a different
type of surgical procedure. Thirty-one (26%) trials were initiated to answer a different research
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guestion to the effect of TXA on bleeding. Most of these trials were conducted to examine the
effect of different doses or timings of TXA despite the inclusion of a placebo or no-TXA control
group. Five (4%) trials appeared to have been conducted because of a failure to synthesise prior

evidence. The trial rationale was unclear in four (4%) trials.

Table 2.3 Summary of reasons for initiating trials of TXA for surgical bleeding based on

information extracted from the final reports

. Assessing a
Failure to differengt
synthesise | Confirmatory | Generalisability Unclear
: research
evidence .
question

Trials citing 21
available systematic - 2 51 11 4
review (n=68)
Trials not citing an
available systematic 2 3 21 16 -
review (n=42)
Trials published
before a systematic

. . 3 - - 6 -
review was available
(n=9)
All trial reports 5 (4%) 5 (4%) 72 (61%) 33 (28%) 4(3%)

(n=118)

Comparison of trials conducted before and after publication of the Henry et al systematic

review

Of the 126 trials, 47 (37%) were published before 1 November 2004 compared to 79 (63%)
published afterwards up to May 2014. The average sample size had increased between the two
periods (mean * standard deviation, 64+50 versus 119+103; p<0.0001). A larger proportion of
trials published after November 2004 were judged to be at low risk of bias for both allocation

concealment and blinding (12 [26%)] versus 28 [35%]; P=0.23).
Discussion
Principal findings

We examined two hypotheses for the redundancy in a cumulative meta-analysis. First, that
despite the apparently conclusive results, legitimate concerns about bias and random error
justified new trials. We found some support for this. Most trials were small, single centre, low
quality and hardly any were prospectively registered. Nevertheless, when only high quality trials
were considered, with steps taken to reduce the risk of false positive results, there remained

strong evidence that TXA reduces transfusion.
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Our second hypothesis was that new trials are conducted because of concerns about the
generalisability of the results. We found strong support for this. Increasing evidence that TXA
decreases the need for blood transfusion resulted in more trial activity and not less. The change
in patient characteristics over time and the rationales given by trialists also indicate that
generalisability concerns motivated the new trials. That over half of trials cited at least one of
the existing systematic reviews, suggests that ignorance of the existing evidence does not fully

explain ongoing trial activity.

The average sample size of trials has increased and there is some suggestion that the quality of

trials has improved over time.
Strengths and weaknesses

We examined trial reports to find the reasons authors gave for conducting new trials. This
process was inevitably subjective and different assessors might have made different
judgements. Furthermore, trial reports might not accurately reflect the rationale at trial
inception. We did not contact authors, although whether this would have provided more reliable
information is uncertain. There are other, non-scientific motivations, such as monetary and
academic, for initiating a new trial which would not be publically reported. Nevertheless, the
reasons given in trials reports are the openly given justifications that are accepted by the

scientific community and are therefore a reasonable focus for review.

Our study was based on clinical trials of TXA in surgery and the extent to which the results apply
to other topics is questionable. However, we have also found that publication of a systematic
review showing strong evidence that TXA reduces mortality in bleeding trauma patients also
resulted in increased trial activity rather than less. A 2004 systematic review of TXA in acute
traumatic injury®* found no eligible trials even though TXA was commonly used in other bleeding
conditions. The review prompted the CRASH-2 trial which included 20,211 bleeding trauma
patients and showed that TXA reduces death due to bleeding and all-cause mortality.'® The
subsequently updated review included two trials and reported that the uncertainty had been
resolved.® Nevertheless, some authors, pointing out that many of the patients in the CRASH-2
trial were recruited from hospitals in Africa, Asia and Latin America, questioned whether the
results can be applied in “modern” trauma care systems'’ and have initiated new clinical trials
rather than implementing the results.’® 1° Although subgroup analyses show that the CRASH-2
trial results do not vary by geographical region,?’ two placebo controlled trials are underway. *
15 Habre et al” also found that publication of a conclusive review coincided with increased trial

activity and that most new trials cited the conclusive review.
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There are other potential explanations for the continuation of trial activity that we have not
explored. Habre et al suggested that redundant trials of an anaesthetic intervention may have
been motivated by the self-interest of researchers wishing to gain more research publications.
In relation to our study, trials of the effect of TXA on blood transfusion are relatively easy to

conduct and since a treatment effect is highly likely, it would be an attractive topic for research.
Implications

Our results raise questions about the process of scientific generalisation. If there is strong
evidence that TXA reduces bleeding in cardiac and orthopaedic surgery, is it necessary to

examine its effect in obstetric surgery? Rothman et a/**

argues that the reluctance to generalise
results to populations that were not represented in the original research confuses statistical and
scientific inference. Statistical inference, the process of using sample information to reach
conclusions about the population from which it was drawn, is helped by having a representative
sample. However, generalising trial results involves scientific inference, a process of reaching
general conclusions about how a treatment works. The main prerequisite for scientific inference
is a biological insight into the mechanism of action of the treatment and an awareness of the
circumstances that may be relevant to this mechanism. Rather than using statistical reasoning,

itis more appropriate to use biological reasoning and ask whether there is any good reason why

TXA would work differently in orthopaedic or urological surgery?

A further concern is the number of inappropriately designed trials. This typically concerns trials
which aimed to build on the existing knowledge by comparing different doses or timings of TXA,
yet opted to include a no-treatment comparison group. The inclusion of a no-treatment
comparison group in such trials is wasteful and unethical - failings that implicate both trialists
and the ethical review committees approving the trials. In this article we focus on the potential
explanations for trialists” decision to initiate further trials of TXA, yet there is also a question
regarding why patients continue to agree to participate in apparently ‘redundant’ trials in which
there is a chance they will forego receiving an effective treatment. We did not attempt to obtain
the patient information sheets used in the trials, and there remains an unanswered question
regarding the extent to which trial participants are made aware of the existing evidence as part

of the consent giving process.

Our results suggest that low quality trials are a more important cause of ‘research waste’ than
the failure to systematically review the existing evidence. When only high quality trials are
considered, the number of statistically ‘redundant’ trials was reduced from 98 to 15. Most trial
reports clearly indicated an awareness that TXA had been shown to reduce bleeding but sought
to examine its effect in different types of surgery. For this reason, more systematic reviews and

greater attention to existing reviews will only increase research waste unless determined efforts
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are made to increase quality in the form of adequately powered trials that are properly

randomised with adequate allocation concealment and blinding.
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3.0 WHAT ARE THE EFFECTS OF TRANEXAMIC ACID IN PATIENTS WITH TRAUMATIC
BLEEDING?

3.1 INTRODUCTION TO RESEARCH PAPER 4

As described in Chapter 1, bleeding is an important cause of death and morbidity in trauma
patients. As an inhibitor of fibrinolysis, tranexamic acid (TXA) has the potential to reduce

bleeding.

Based on evidence from trials in surgery, it was surmised that TXA might also be effective in
bleeding trauma patients, although no randomised trials had been conducted in this patient
group.! The CRASH-2 trial involving 20,211 bleeding trauma patients was conducted to resolve

this uncertainty.?

The CRASH-2 trial results were published in June 2010. As the results of all trials should be
interpreted in the context of a systematic review,? | updated the Cochrane systematic review of
‘Antifibrinolytic drugs for acute traumatic injury’ to incorporate the results of the CRASH-2 trial
and any other trials of antifibrinolytic drugs that had been conducted since the first publication

of the review in 2004.1

The updated review was published as a ‘substantive update’ in November 2010. | completed a
further update in November 2012 to incorporate findings of subgroup analyses of the CRASH-2

trial data and it is this version that | have included in this thesis.

The inclusion criteria of the review include all antifibrinolytic drugs (aprotinin, tranexamic acid
and epsilon-aminocaproic acid). Since | am focussing on the effects of TXA in this thesis, | have
only included results relevant to the evidence from trials of TXA in the proceeding section;

however, the full published version of the review is presented in Appendix T.
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3.2 ANTIFIBRINOLYTIC DRUGS FOR ACUTE TRAUMATIC INJURY

lan Roberts, Haleema Shakur, Katharine Ker, Tim Coats, on behalf of the CRASH-2 Trial

collaborators

Cochrane Database Systematic Reviews 2012;12:CD004896
Background

Description of the condition

For people aged five to 45 years, trauma is second only to HIV/AIDS as a cause of death. Each
year, worldwide, about three million people die as a result of trauma,! many after reaching
hospital. Among trauma patients who do survive to reach hospital, exsanguination is a common
cause of death, accounting for nearly half of in-hospital trauma deaths in some settings.? Central
nervous system injury and multi-organ failure account for most of the remainder, both of which

can be exacerbated by severe bleeding.?

Clotting helps to maintain the integrity of the circulatory system after vascular injury, whether
traumatic or surgical in origin.* Major surgery and trauma trigger similar haemostatic responses
and the consequent massive blood loss presents an extreme challenge to the coagulation
system. Part of the response to surgery and trauma in any patient, is stimulation of clot
breakdown (fibrinolysis) which may become pathological (hyper-fibrinolysis) in some cases.
Antifibrinolytic agents have been shown to reduce blood loss in patients with both normal and
exaggerated fibrinolytic responses to surgery, without apparently increasing the risk of post-

operative complications.
Description of the intervention

Antifibrinolytic agents are widely used in major surgery to prevent fibrinolysis and reduce
surgical blood loss. A Cochrane systematic review of randomised controlled trials of
antifibrinolytics (mainly aprotinin or tranexamic acid [TXA]) in elective surgical patients showed
that antifibrinolytics reduced the numbers needing transfusion by one third, reduced the
volume needed per transfusion by one unit, and halved the need for further surgery to control
bleeding.® These differences were all statistically significant at the p<0.01 level. Specifically,
aprotinin reduced the rate of blood transfusion by 34% (relative risk [RR]=0.66; 95% confidence
interval [CI] 0.60 to 0.72) and TXA by 39% (RR=0.61; 95% CI 0.53 to 0.70). Aprotinin use saved
1.02 units of red blood cells (RBCs) (95% Cl 0.79 to 1.26) in those requiring transfusion, and TXA
use saved 0.87 units (95% Cl 0.53 to 1.20). There was a non-significant reduction in mortality

with both aprotinin (RR=0.81; 95% Cl 0.63 to 1.06) and TXA (RR=0.60; 95% CI 0.33 to 1.10).

How the intervention might work
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Because the coagulation abnormalities that occur after injury are similar to those after surgery,
it is possible that antifibrinolytic agents might also reduce blood loss and mortality following
trauma. A simple and widely practicable intervention that reduced blood loss following trauma
might prevent tens of thousands of premature deaths. A reduction in the need for transfusion
would also have important public health implications. Blood is a scarce and expensive resource
and major concerns remain about the risk of transfusion-transmitted infection. Trauma is
particularly common in parts of the world where the safety of blood transfusion cannot be
assured. A recent study in Uganda estimated the population-attributable fraction of HIV
acquisition as a result of blood transfusion to be around two percent although some estimates

are much higher.5”
Objectives

To quantify the effect of antifibrinolytic drugs on mortality, vascular occlusive events, surgical

intervention and receipt of blood transfusion after acute traumatic injury.
Methods

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCT), as per the following definition.

RCT: A study involving at least one intervention and one control treatment, concurrent
enrolment and follow-up of the intervention and control groups, and in which the interventions
to be tested are selected by a random process, such as the use of a random numbers table (coin
flips are also acceptable). If the study author(s) state explicitly (usually by using some variant of
the term 'random’' to describe the allocation procedure used) that the groups compared in the

trial were established by random allocation, then the trial is classified as an 'RCT".
Types of participants

People of any age following acute traumatic injury.

Types of interventions

The interventions considered are the antifibrinolytic agents: aprotinin, tranexamic acid (TXA)

and epsilon-aminocaproic acid (EACA).
Types of outcome measures

Primary outcome

Vi Sections relating to the effects of aprotinin and EACA have been omitted from this thesis for clarity.
74



Mortality at the end of the follow up.
Secondary outcomes

o Number of patients experiencing an adverse event, specifically vascular occlusive events
(myocardial infarction, stroke, deep vein thrombosis or pulmonary embolism).

e Number of patients undergoing surgical intervention.

e Number of patients receiving blood transfusion.

e Volume of blood transfused (units).
Search methods for identification of studies
Searches were not restricted by date, language or publication status.
Electronic searches
We searched the following electronic databases:

e Cochrane Injuries Group's Specialised Register (searched July 2010)
e Cochrane Central Register of Controlled Trials Issue 3, 2010 (The Cochrane Library)
e MEDLINE (1966 to July week 2, 2010)

e PubMed (searched March 17, 2004)

e EMBASE (1980 to week 28, July 2010)

e Science Citation Index (searched March 17, 2004)

e National Research Register (issue 1, 2004)

e Zetoc (searched March 17, 2004)

e SIGLE (searched March 17, 2004)

e Global Health (searched March 17, 2004)

e LILACS (searched March 17, 2004)

e Current Controlled Trials (searched March 17, 2004)

The search strategies used in the latest update are listed in full in Appendix U.
Searching other resources

All references in the identified trials and background papers were checked and study authors
contacted to identify relevant published and unpublished data. Pharmaceutical companies were

contacted in 2004 to obtain information on ongoing trials.
Data collection and analysis

Selection of studies
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The titles and abstracts identified in the electronic searches were screened by two independent
authors to identify studies that had the potential to meet the inclusion criteria. The full reports
of all such studies were obtained. From the results of the screened electronic searches,
bibliographic searches and contacts with experts, two authors independently selected trials

meeting the inclusion criteria. There were no disagreements on study inclusion.
Data extraction and management

Two authors independently extracted information on the following: number of randomised
participants, types of participants and types of interventions. The outcome data sought were:
numbers of deaths in each group, numbers with vascular occlusive events, numbers requiring
surgical intervention, and the amount of blood transfused. Information on loss to follow up,
blinding, and whether an intention-to-treat analysis was performed was also extracted. The
authors were not blinded to the authors or journal when doing this. Results were compared and
differences would have been resolved by discussion had there been any. Where there was
insufficient information in the published report, we attempted to contact the authors for

clarification.
Assessment of risk of bias in included studies

Two authors assessed the risk of bias for allocation concealment. Each trial was assessed as

being at high, low or unclear risk of bias according to the criteria presented in Higgins et al 2008.2
Assessment of heterogeneity

The presence of heterogeneity of the observed treatment effects were assessed using the |2
statistic, which describes the percentage of total variation across studies due to heterogeneity
rather than chance. A value of 0% indicates no observed heterogeneity, and larger values show
increasing heterogeneity; substantial heterogeneity is considered to exist when 12>50%.° The
following were specified a-priori as factors that could explain any observed heterogeneity:
adequacy of allocation concealment; injury severity based on the injury severity score (an ISS of
greater than or equal to 16 defines the severely injured strata); and according to whether the

study population included predominantly blunt or penetrating trauma.
Assessment of reporting biases

We planned to investigate the presence of reporting (publication) bias using funnel plots,

however there were too few included studies to enable meaningful analysis.

Data synthesis
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Risk ratios (RR) and 95% confidence intervals (95% Cl) were calculated. The risk ratio was chosen
because it is more readily applied to the clinical situation. For transfusion volumes, the mean

difference (MD) in the units of blood transfused were calculated with 95% CI.
Subgroup analysis and investigation of heterogeneity

We planned to conduct subgroup analyses to explore whether effect sizes vary according to the
type of antifibrinolytic agent and the dosing regimen. However, there were too few trials for

such analyses.
Results
Tranexamic acid

Two trials compared TXA with placebo in trauma patients. The CRASH-2 trial recruited 20,211
trauma patients with, or at risk of, significant haemorrhage.’> * A trial in Thailand by
Yutthakasemsunt et al recruited 240 trauma patients with moderate to severe traumatic brain
injury.’? As of November 2012, the Thai trial Yutthakasemsunt et al was only available as an
abstract with publication of the full trial report pending. The trial has been included based on
the data reported in the abstract. The full trial data will be incorporated into this systematic

review once the full trial report is available.
See 'Characteristics of included studies' in Appendix V for further details.
Risk of bias in included studies

The CRASH-2 trial was judged to be at low risk of bias. It was a large randomised controlled trial
involving 20,211 adult trauma patients who were randomly allocated to receive TXA or placebo.
TXA and placebo were packaged in identical ampoules. Hospitals with reliable telephone access
used a telephone randomisation service, hospitals without used a local pack system; allocation
concealment was adequate. Participants and trial staff were blinded to treatment allocation.

Over 99% of patients were followed up.

There was insufficient information presented in the abstract to assess the risk of bias of the trial

by Yutthakasemsunt et al.

Effects of interventions - Tranexamic acid versus placebo

Mortality

Both the CRASH-2 trial and the trial by Yutthakasemsunt et al reported mortality data.

All-cause mortality was significantly reduced with tranexamic acid (pooled risk ratio (RR) 0.90,
95% Cl 0.85 to 0.97; p=0.003: Figure 3.1). There was no evidence of statistical heterogeneity
(Chi?=0.77, df=1 (p=0.38); 1>=0%).
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Figure 3.1 Comparison 1 Tranexamic acid versus placebo, Outcome 1 All-cause mortality.

Rewiew: Antifibrinaolytic drugs for acute traumatic injury
Comparison: 1 Tranexamic acid versus placebo
Outcome: 1 All-cause mortality

Study or subgroup THA Placebao Rizk Ratio Weight Rizk Ratio
niN n/N M-H.Fixed. 95% CI M-H.Fixed 95% CI
CRASH-2 2010 1463/10060 1613/10067 . 95.9% 0.91[0.85, 0.97]
Yutthakasemsunt 2010 127120 18/120 1.1% 0.67[0.34,1.32]
Total (95% CI) 10180 10187 - 100.0 % 0.90 [ 0.85, 0.97 ]

Total events: 1475 (THA), 1631 (Placebo)
Heterogeneity: Chi# = 0.77, df =1 (F = 0.38); F =0.0%
Testfor overall effect; Z = 3.02 (P = 0.0025)

Testfor subgroup differences: Not applicable

[ T 5
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Favours THA Favours placebo

The CRASH-2 trial also presented mortality data by cause. The risk of death due to bleeding and
myocardial infarction were significantly reduced with TXA. There were no statistically significant

differences in the risk of death from other causes:

e Bleeding: RR 0.85, 95% Cl 0.76 to 0.96; p=0.0077

e Myocardial infarction: RR 0.32, 95% Cl 0.14 to 0.75; p=0.0053
e Vascular occlusion: RR 0.69, 95% Cl 0.44 to 1.07; p=0.096

e Stroke: RR 1.60, 95% CI 0.52 to 4.89; p=0.40

e  Pulmonary embolism: RR 0.86, 95% CI 0.46 to 1.61; p=0.63

e  Multi-organ failure: RR 0.90, 95% CI 0.75 to 1.08; p=0.25

e Headinjury: RR0.97,95% Cl 0.87 to 1.08; p=0.60

e 'Other’ causes: RR 0.94, 95% Cl 0.74 to 1.20; p=0.63

Although not prespecified subgroup analyses of this review, the effects of TXA on death due to
bleeding by time to treatment, severity of haemorrhage, Glasgow coma score, and type of injury

|11

were assessed in the CRASH-2 trial.** The results are presented below.

Analysis of the risk of death due to bleeding indicated that the effect of TXA varied by time to
treatment. Treatment within one hour of injury was associated with a 32% relative reduction in
risk of death due to bleeding (RR 0.68, 95% Cl 0.57 to 0.82; p<0.0001) and treatment between 1
and 3 hours after injury was associated with a 21% reduction (RR 0.79, 95% Cl 0.64 to 0.97;
p=0.03). Treatment with TXA after three hours of injury was associated with a 44% relative
increase in risk of death due to bleeding (RR 1.44, 95% ClI 1.12 to 1.84; p=0.004). Test for
subgroup differences: Chi?>=23.51, P<0.00001.

There was no evidence that the effect of TXA on death due to bleeding varied by the severity of

haemorrhage, Glasgow coma score, or type of injury:

e Severity of haemorrhage (as assessed by systolic blood pressure): >89 mm Hg (RR 0.88,
95% Cl 0.71 to 1.10); 76-89 (RR 1.01, 95% Cl 0.79 to 1.30); <75 (RR 0.81, 95% CI 0.69 to
0.95). Test for subgroup differences: Chi?>=2.24, p=0.33.
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e Glasgow coma score: severe (RR 0.92, 95% Cl 0.76 to 1.13); moderate (RR 0.77, 95% Cl
0.59 to 0.99); mild (RR 0.86, 95% Cl 0.72 to 1.02). Test for subgroup differences:
Chi?=1.28, p=0.53.

e Type of injury: blunt (RR 0.89, 95% CI 0.77 to 1.04); penetrating (RR 0.79, 95% Cl 0.66 to
0.96). Test for subgroup differences: Chi?>=0.92, p=0.34.

Vascular occlusive events

The CRASH-2 trial reported data on vascular occlusive events. There was no difference in the risk
of experiencing one or more vascular occlusive events (fatal or non-fatal; myocardial infarction,
stroke, pulmonary embolism, deep vein thrombosis) between the TXA and placebo groups (RR
0.84,95% Cl 0.68 to 1.02; p=0.084). TXA reduced the risk of myocardial infarction (RR 0.64, 95%
Cl1 0.42 to 0.97; p=0.035). There was no difference in the risk of stroke (RR 0.86, 95% Cl 0.61 to
1.23; p=0.42), pulmonary embolism (RR 1.01, 95% Cl 0.73 to 1.41; p=0.93) or deep vein
thrombosis (RR 0.98, 95% Cl 0.63 to 1.51; p=0.91).

Surgical intervention

Data from the CRASH-2 trial suggest that there is no statistically significant difference in the risk
of receiving one or more surgical interventions (neurosurgery, chest, abdominal or pelvic

surgery) (RR 1.00, 95% CI 0.97 to 1.03; p=0.79) (Figure 3.2).

Figure 3.2 Comparison 1 Tranexamic acid versus placebo, Outcome 2 Proportion undergoing
surgical intervention.
Review: Antifibrinolytic drugs for acute traum atic injury

Comparison: 1 Tranexamic acid versus placebo
Outcome: 2 Proportion undergoing surgical intervention

Study or subgroup TXA Placebo Risk Ratio Risk Ratio
n/N n/N M-H.Fixed. 95% Cl M-H.Fixed,95% CI
CRASH-2 2010 481410060 4836/10067 -+ 1.00[0.97,1.03]

Subtotal (95% CI) 0 0 0.0 [ 0.0, 0.0 ]
Total events: 4814 (T2, 4836 (Placebo)

Heterageneity: not applicable

Testfor overall effect: 2 = 0.0 (P < 0.00001)

05 07 1 N
Favours TXA Favours placebo

Receipt of blood transfusion

Of the patients allocated to TXA in the CRASH-2 trial, 5067 (50.4%) received a blood product
transfusion versus 5160 (51.3%) of the patients allocated to placebo (RR 0.98, 95% Cl 0.96 to
1.01; p=0.21) (Figure 3.3).
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Figure 3.3 Comparison 1 Tranexamic acid versus placebo, Outcome 3 Proportion receiving blood
transfusion.
Review: Antifibrinolytic drugs for acute traumatic injury

Comparison: 1 Tranexamic acid versus placebo
Qutcome: 3 Proportion receiving blood transfusion

Study or subgroup THA Placebo Risk Ratio Rislk Ratio
niN n/N M-H.Fixed, 93% CI M-H,Fixed, 95% CI
CRASH-2 2010 S5067/10060 5160/10067 + 098 [0.96 1.01]
Subtotal (95% CI) 0 0 0.0 [ 0.0, 0.0 ]

Total events: 3067 (TXA), 5160 (Placebo)
Heterogeneity: not applicable
Test for overall effect: Z = 0.0 (P < 0.00001)

0.5 0.7 1 1.5 2
Favours TXA Favours placebo

There was no difference in the average number of blood units transfused (MD -0.17; 95% CI -

0.39 to 0.05; p=0.13) (Figure 3.4).

Figure 3.4 Comparison 1 Tranexamic acid versus placebo, Outcome 4 Volume of blood
transfused.
Review: Antifibrinolytic drugs for acute traumatic injury

Comparison: 1 Tranesamic acid versus placebo
Cutcome: 4 Wolume of blood transfused

Study or subgroup Tranexamic acid Flacebo Mean Difference Mean Difference
N Mean(50) N Mean(s0) IV, Fixed,95% CI IV, Fimed,95% Cl
CRASH-Z 2010 10080 3.05(7.7) 10067 3.22 (8.02) —_— -0.17[-0.39,0.05]
Subtotal (95% CI) 0 0 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable
Test for overall effect: Z = 0.0 (F < 0.00001)

Test for subgroup differences: Not applicable

-0.5 -0.25 1] 0.25 0.5
Favours TXA Favours placebo

Discussion
Summary of main results

Tranexamic acid reduces all-cause mortality in bleeding trauma patients, with no apparent
increase in the risk of vascular occlusive events. This conclusion is based on the results of the
CRASH-2 trial which recruited 20,211 bleeding trauma patients from 274 hospitals in 40

countries.
Overall completeness and applicability of evidence

The large numbers of patients in a wide range of different health care settings around the world
studied in the CRASH-2 trial help the result to be widely generalised. The treatment is effective
in patients with blunt and penetrating trauma. Because TXA is inexpensive and easy to
administer, it could readily be added to the normal medical and surgical management of

bleeding trauma patients in hospitals around the world.
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Each year, worldwide, about four million people die as a result of traumaticinjuries and violence.
Approximately 1.6 million of these deaths occur in hospital and about one third of these deaths
(480,000) are from haemorrhage. The CRASH-2 trial has shown that TXA reduces mortality from
haemorrhage by about one sixth. If this widely practicable intervention was used worldwide in
the treatment of bleeding trauma patients, it could prevent over 70,000 deaths each year (see

Table 3.1).

Table 3.1 Deaths that could be avoided by the administration of TXA to bleeding trauma patients

(ten countries with the highest numbers of avoided deaths shown)

Country Trauma deaths Haemorrhage deaths ?)((azths averted with
India 714,730 85,768 12,865
China 667,277 80,073 12011
Indonesia 279,499 33,534 5030
Russia 246,836 29,620 4443
Brazil 122,953 14,754 2206
USA 122,529 14,703 2206
Iraq 99,968 11,996 1799
Nigeria 87,811 10,537 1581
Bangladesh 76,938 9233 1385
DRC 73,579 8829 1324
World 4,100,645 492,077 73,812

Many trauma patients suffer a brain injury. Traumatic brain injury (TBI) is commonly
accompanied by intracranial bleeding which can develop or worsen after hospital admission.
Traumatic intracranial haemorrhage is associated with an increased risk of death and disability,
and regardless of location, haemorrhage size is strongly correlated with outcome. If TXA reduced
intracranial bleeding after isolated TBI then this could improve patient outcomes. Although,
many of the bleeding trauma patients included in the CRASH-2 trial also suffered a brain injury,
it is possible that the effects of TXA may differ in patients with isolated TBI. The trial by
Yutthakasemsunt et al provides some promising evidence for the beneficial effect of TXA on
mortality in patients with isolated TBI; however, further evidence is required from larger trials

which also assess the effect on disability.

The quality of the evidence supporting the use of tranexamic acid for trauma is high. The findings
of this review are based primarily on the results of the CRASH-2 trial. This was a large, high

quality randomised trial with low risk of bias. Sequence generation was appropriately
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randomised, allocation was concealed and participants, trial personnel and outcome assessors
were all blinded. Furthermore, there were minimal missing data with over 99% of patients

followed up.
Potential biases in the review process

This systematic review addresses a focused research question and uses pre-defined inclusion

criteria and methodology to select and appraise eligible trials.

As with all systematic reviews, the possibility of publication bias should be considered as a
potential threat to validity. However, in light of our extensive and sensitive searching we believe

that the risk of such a bias affecting the results is minimal.
Agreements and disagreements with other studies or reviews

A systematic review of randomised trials assessing the effects of TXA in patients undergoing
elective surgery has been conducted.® This review found that compared to control, TXA reduced
the need for blood transfusion without any apparent increase in the risk of adverse events.
Unlike the Henry et al review, we found no evidence of any substantial reduction in the receipt
of a blood transfusion or the amount of blood transfused in trauma patients. One possible
explanation is that in the CRASH-2 trial, following the loading dose, TXA was infused over a
period of eight hours, whereas decisions about transfusion are made very soon after hospital
admission. The absence of any large effect on blood transfusion may also reflect the difficulty of
accurately estimating blood loss in trauma patients when assessing the need for transfusion.
Finally, the absence of any substantial reduction in transfusion requirements in patients treated
with TXA acid may reflect the fact that there were fewer deaths in patients allocated to TXA acid
than to placebo and patients who survive as a result of TXA administration would have had a

greater opportunity to receive a blood transfusion (competing risks).
Authors' conclusions
Implications for practice

Tranexamic acid (TXA) safely reduces mortality in bleeding trauma patients. As there is evidence
that the effect on death due to bleeding depends on the time interval between the injury and
treatment, TXA should be given as early as possible and within three hours of the injury as

treatment later than this is unlikely to be effective.
Implications for research

The knowledge that TXA safely reduces the risk of death from traumatic bleeding raises the
possibility that it might also be effective in other situations where bleeding can be life

threatening or disabling and further research is warranted to explore this potential. Randomised
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trials involving patients with isolated traumatic brain injury that assess both mortality and

disability outcomes are required before TXA can be recommended for use in these patients. The

ongoing CRASH-3 trial with a planned sample size of 10,000 patients with traumatic brain injury,

will contribute to resolving the uncertainty about the effects of TXA in this group.
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33 INTRODUCTION TO RESEARCH PAPER 5

The results of the Cochrane systematic review updated with the CRASH-2 trial results described
in Research Paper 4, showed that TXA reduces the risk of death in bleeding trauma patients. It

also showed that early treatment (<3 hours) with TXA is superior to late treatment (>3 hours).

These results along with the fact that TXA is cheap and a widely practicable treatment, suggests
that it has the potential to save the lives of many trauma victims including in LMICs where most

trauma deaths occur.

Estimates of the number of deaths averted worldwide, along with country-specific estimates
can be valuable for targeting dissemination efforts. In the Discussion section of Research Paper
4, we estimated the number of bleeding deaths that could be avoided through the routine use
of TXA when given within 8 hours of injury. However, in light of the knowledge the late
treatment with TXA is unlikely to be effective (and may even be harmful), treatment with TXA if
more than three hours after injury is not recommended. Therefore, | undertook further analyses
to estimate the number of deaths that could be averted by the routine, early use of TXA. These
analyses are presented in Research Paper 5 and include a systematic review of the literature

which informed the parameter estimates.""

Vi A copy of the PDF version of the published manuscript is included in Appendix Z.
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3.4 AVOIDABLE MORTALITY FROM GIVING TRANEXAMIC ACID TO BLEEDING TRAUMA PATIENTS: AN
ESTIMATION BASED ON WHO MORTALITY DATA, A SYSTEMATIC LITERATURE REVIEW AND DATA FROM THE

CRASH-2 TRIAL

Katharine Ker, Junko Kiriya, Pablo Perel, Phil Edwards, Haleema Shakur, lan Roberts
BMC Emergency Medicine. 2012 Mar 1;12:3.

Background

Trauma is a leading cause of death and disability. Each year, worldwide, an estimated 5.8 million
people die as a result of trauma,! many after reaching hospital. Among trauma patients who
survive to reach hospital, bleeding is a common cause of death, accounting for around 40% of

in-hospital trauma deaths.?

The CRASH-2 trial was an international randomised controlled trial of the early administration
of tranexamic acid (TXA) to bleeding trauma patients. The trial recruited 20,211 patients from
274 hospitals in 40 countries. The results show that TXA reduces mortality in trauma patients
with or at risk of bleeding, with no apparent increase in side effects.? If given within three hours
of injury, TXA reduces the risk of death due to bleeding by about a third.* TXA administration
has been shown to be highly cost-effective in high, middle or low income countries.> On the
basis of the results of the CRASH-2 trial, TXA has been included on the WHO Essential Medicines

List.®

Since publication of the trial results, TXA has been included into trauma care guidelines in many
high income countries. In March 2010, the British Army incorporated TXA into combat care
treatment protocols’ and in July 2011 the UK NHS ambulance service agreed that TXA would be
given to all adults and teenagers who suffer major injury in the UK. In 2011, the US Army
reviewed the evidence from the CRASH-2 trial and included TXA into its trauma treatment
protocols. However, bearing in mind that 90% of trauma deaths are in low and middle income
countries,® the potential of TXA to reduce premature mortality is likely to be much greater in
these settings. An estimation of the number of deaths that could be averted through the use of
TXA for in traumatic haemorrhage would allow better targeting of dissemination and
implementation activities. In this study we used data from the CRASH-2 trial, WHO mortality
database and a systematic review of the recent literature, to estimate the potential number of
deaths that could be averted through the early administration of TXA to bleeding trauma

patients.
Methods

Estimation of effect of TXA on death due to bleeding by geographical region
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We used individual patient data from the CRASH-2 trial to assess the extent to which the effect
of TXA on death due to bleeding varied according to geographical region. Hospitals participating
in the CRASH-2 trial were grouped into four geographical regions: (1) Africa, (2) Asia, (3) Europe,
Australia, North America, and (4) Central & South America. Heterogeneity in treatment effect by
geographical region was assessed by a x? test. We pre-specified that unless there was strong
evidence against the null hypothesis of homogeneity of effects (i.e. p<0.001), the overall risk
ratio (RR) would be considered to be the most reliable guide to the approximate RRs in all

regions.
Estimation of number of in-hospital trauma deaths due to bleeding per year

The number of in-hospital trauma deaths that are due to bleeding and thus potentially avoidable
through the early administration of TXA was estimated in three steps. First, we obtained
estimates of the number of trauma deaths (N) by country. Second, we estimated the proportion
of trauma deaths that occur in hospital (P). Third, we estimated the proportion of in-hospital
trauma deaths that were due to bleeding (B). The number of in-hospital trauma deaths due to

bleeding per year (HBD) was then estimated according to the following equation:
HBD=NxPxB

Since the proportion of deaths due to bleeding (B) may vary according to type of injury (i.e. blunt
or penetrating)®, we obtained data on the proportion of blunt trauma deaths (PB) that was due
to bleeding (BDB) and the proportion of penetrating trauma deaths (PP) that was due to bleeding

(PDB). These estimates were combined to derive the overall proportion (B) using the equation:
B = (PB x BDB) + (PP x PDB)

The number of premature deaths potentially averted by TXA was then estimated by applying the
relative risk reduction from the CRASH-2 trial to the number of in-hospital deaths due to bleeding

as follows:
Premature deaths averted = HBD x (1 — RR)
Data sources

Data from the WHO, the CRASH-2 trial and a systematic review of literature published since 2004
were used to parameterise the equations. The number of trauma deaths for each country, were
obtained from the WHO for the year 2008, the most recent year for which data were available.
Blunt trauma deaths were estimated by adding the number of deaths from road traffic crashes,
falls and other unintentional injuries. Penetrating trauma deaths were estimated by adding the
number of deaths from violence and war. Deaths from drowning, poisoning, self-inflicted injuries

or burns were not included as these injuries are not usually associated with life-threatening
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bleeding. Estimates of the proportion of trauma deaths that are in-hospital and the proportion
caused by bleeding were based on data from the CRASH-2 trial and from studies identified

through a systematic review.
Systematic review methods

We searched for studies containing original data describing the epidemiology of trauma deaths.
We searched MEDLINE, EMBASE and Cab Abstracts on 2 March 2011 using a combination of
subject headings and key words based on the following terms; injuries, trauma, mortality, death,
fatality, burden, epidemiology. We searched the internet and checked the reference lists of
eligible articles. The searches were not restricted by language or publication status. To improve
the applicability of the extracted data to the current patterns in trauma death epidemiology, we

limited our search to studies published since 2004.

Record screening, full text review and data extraction were performed independently by two
authors (KK and JK), with any disagreements resolved through discussion. Data were extracted
on study design, setting, sample size, the proportions of deaths occurring in hospital and due to
bleeding, using a pre-designed form. Studies that did not provide data on any of the parameters

of interest were excluded.

To obtain a summary estimate for each parameter, the study proportions were transformed
according to the Freeman Tukey variant of the arcsine square root transformed proportions to
correct for over-dispersion.'® Pooled proportions were calculated as the back-transformation of

the weighted mean of the transformed proportions using the random effects model.*!
Data analysis

For each country, the number of in-hospital trauma deaths due to bleeding was calculated by
applying the corresponding estimated proportions to the mortality data, as described above. For
the primary analysis, the relative risk reduction from the CRASH-2 trial was applied to estimate
the number of premature deaths that could be averted (1) if all patients received TXA within one
hour of injury, and (2) if all patients received TXA within three hours of injury. The numbers of
deaths averted in each country were combined to give an overall global estimate. To identify the
countries with the greatest potential for benefit from TXA, countries were ranked in order of the

estimated number of premature deaths averted.

To investigate the impact on the results of uncertainty in the parameter estimates used in the
modelling, a number of sensitivity analyses were conducted. First, the analysis was repeated
using the lower and upper bounds of the 95% confidence intervals for the parameter estimates
to explore the effect of parameter uncertainty. Second, we repeated the analysis using the

relative risk estimate for all-cause mortality rather than death due to bleeding. This analysis was
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conducted to take account of the possibility that some patients who do not die from bleeding
because of TXA administration would nevertheless die of other causes such multi-organ failure
or brain injury. Third, we repeated the analyses using the relative risk estimate for all-cause
mortality with TXA when given at any time within eight hours of injury. Although, previously
published subgroup analyses show that early treatment is more effective it is possible that

treatment within three hours is not possible in some settings.

For each estimate, to reflect statistical uncertainty around the relative risks of TXA, an
uncertainty range was estimated by calculating the numbers of deaths averted based on the 95%
confidence intervals for the relative risks. The analyses were conducted using Microsoft Excel

and STATA 11 software.

Results

Estimation of the effect of TXA on death due to bleeding by geographical region

Figure 3.5 shows the effect of TXA given within three hours of injury on death due to bleeding

by geographical region.

Figure 3.5 Risk ratio (95% Cl) for death due to bleeding with TXA given within three hours of

injury, overall and by geographical region.

n/N Risk ratio (95% Cl)
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There was no evidence for heterogeneity in the effect of TXA by region (x>=1.445; p=0.70). The
overall RRs for the effect of TXA on death due to bleeding when given within one hour (RR=0.68;
95% ClI 0.57 to 0.82) and within three hours (RR=0.72; 95% CI 0.63 to 0.83) of injury were
therefore taken as the most reliable guide as to the approximate RRs in all regions, and were

used to estimate the number of deaths that could be averted with TXA.

Estimation of the annual number of in-hospital trauma deaths due to bleeding
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We identified 18 studies, described in 17 reports,’>?° which presented data on the parameters
of interest and were included in the systematic review. Studies were conducted in 13 countries;
USA, Canada, UK, Australia, Brazil, Denmark, Norway, Mozambique, South Africa, Italy, France,
Spain and India. In addition, we obtained data collected as part of the CRASH-2 trial, which
recruited patients from hospitals in 40 countries throughout the world. The study selection
process is summarised in Figure 3.6. Data extracted from the studies are summarised in

Appendix AA.

Figure 3.6 Flow diagram of the study selection process for systematic review
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Fourteen studies!*16 18 20-28 jnyolving 24,831 trauma deaths provided data on the proportion of
deaths occurring in-hospital; the pooled proportion was 44% (95% Cl 33 to 56%). Five studies®
13,1719, 29 jnyolving 9684 deaths presented data on the proportion of blunt trauma deaths due to

haemorrhage; the pooled proportion was 18% (95% Cl 13 to 23%). Four studies® 3 17.2°

involving
2256 deaths presented data on the proportion of penetrating trauma deaths due to

haemorrhage; the pooled proportion was 55% (95% CI 49 to 62%).

After applying these parameter estimates to the WHO data, we estimate that worldwide every
year approximately 400,000 trauma patients die in-hospital from bleeding. If all of these patients
receive TXA within one hour of injury the about 128,000 (uncertainty range [UR] = 72,000 to
172,000) deaths could be averted. If all of these patients receive TXA within three hours of injury
about 112,000 (UR = 68,000 to 148,000) deaths could be averted. The global distribution of
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number of premature deaths averted by TXA when administered within three hours of injury is

shown in Figure 3.7.

Figure 3.7 Global distribution of number of deaths averted with TXA administration within three

hours of injury
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Results for the countries where more than 1000 deaths could be averted are shown in Table 3.2.

Table 3.2 Estimated number of premature trauma deaths averted by TXA per year

In-hospital trauma Deaths averted Deaths averted
deaths from bleeding TXA<1 hour TXA<3 hours

Worldwide 400,467 128,149 112,131
Countries with >1000 deaths averted

India 58,801 18,816 16,464
China 54,241 17,357 15,187
Brazil 19,187 6,140 5,372
Russian Federation 16,731 5,354 4,685
Myanmar 13,193 4,222 3,694
Iraq 12,786 4,091 3,580
USA 12,489 3,996 3,497
Indonesia 11,033 3,531 3,089
DR Congo 9,373 2,999 2,624
Sri Lanka 8,979 2,873 2,514
Pakistan 8,770 2,806 2,456
Ethiopia 8,768 2,806 2,455
Nigeria 8,258 2,643 2,312
Colombia 7,348 2,352 2,058
Sudan 7,292 2,334 2,042
Bangladesh 7,210 2,307 2,019
Mexico 7,059 2,259 1,976
Philippines 6,119 1,958 1,713
Thailand 5,572 1,783 1,560
Afghanistan 4,774 1,528 1,337
Uganda 4,620 1,478 1,294
South Africa 4,245 1,359 1,189
Venezuela 4,172 1,335 1,168
Kenya 4,029 1,289 1,128
Tanzania 3,969 1,270 1,111
Iran 3,921 1,255 1,098

The largest numbers of deaths from haemorrhage and consequently the largest numbers of
deaths averted are in Asia. The largest numbers of premature deaths averted are in India (TXA<1
hr = 19,000; TXA<3 hrs = 16,500) and China (TXA<1 hr = 17,000; TXA<3 hrs = 15,000). When
ranked by the number of premature deaths potentially averted, nine of the top ten countries
are low or middle income, the exception being the USA where approximately 4,000 and 3,500

deaths would be averted by TXA given within one hour and three hours of injury, respectively.
Sensitivity analyses

When the analyses were repeated using the values of the lower and upper 95% Cls of the pooled
parameter estimates, the global number of deaths averted ranged from approximately 76,000
to 198,000 if TXA is given within one hour of injury and from 67,000 to 173,000 if given with
three hours of injury. When the analysis was carried out using the relative risk estimate for all-

cause mortality if TXA is given within one hour (RR=0.87; 0.78 to 0.97) and within three hours
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(RR=0.87; 0.80 to 0.94) of injury, the number of premature deaths averted was 52,000 (TXA<1
hr = 12,000 to 88,000; TXA<3 hrs = 24,000 to 80,000). When the analysis was repeated using
relative risk estimate for death due to bleeding when TXA is given at any time within eight hours
of injury (RR=0.85; 0.76 to 0.96), the number of premature deaths averted was 60,000 (UR =
16,000 to 96,000). Finally, using the relative risk estimate for all-cause mortality when TXA is
given within eight hours of injury (RR=0.91; 0.85 to 0.97), an estimated 36,000 (UR = 12,000 to

60,000) premature deaths could be averted.
Discussion

Based on WHO mortality data and a systematic review of the literature we estimate that there
are about 400,000 in-hospital deaths from bleeding each year worldwide. If all hospitalised
bleeding trauma patients could be treated with TXA within an hour of injury then up to 128,000
of these premature deaths could be averted. If they could be treated within three hours of injury
then up to 112,000 premature deaths could averted. Although there is considerable uncertainty
in the estimates even the most conservative suggest that tens of thousands of deaths could be

averted every year.

We found no compelling evidence that the effect of TXA on death due to bleeding varies by
geographical region. Our conclusion is based on a statistical test of interaction which is
considered to be the most appropriate way to evaluate subgroup effects.3° As recommended by
methodologists, we pre-specified that unless there was strong evidence against the null
hypothesis of homogeneity of effects (i.e. p<0.001), that the overall risk ratio (RR) would be
considered to be the most reliable guide to the approximate RRs in all regions. We found no

statistical basis to reject the null hypothesis.

The data sources used to parameterise the model are subject to a number of limitations which
may have affected our results. First, although the WHO database provides the best available
country-level mortality data, poor coverage and coding of mortality registration systems may
affect the accuracy of the number of trauma deaths for some countries. Second, our
classification of trauma deaths into blunt or penetrating trauma based on the cause of death
categories in the WHO data was somewhat arbitrary and would have resulted in some
misclassification. However, in the absence of accurate country-specific data, we judged that this
approach would provide the most reliable estimates. Third, due to the absence of country-
specific data for the proportions of deaths occurring in hospital and the proportion of deaths
caused by haemorrhage, we chose to apply average global estimates. We were therefore unable
to incorporate between-country variations in these parameter estimates into our analysis.
Nevertheless, our estimates were derived from a systematic review of the recent literature and

data from the CRASH-2 trial, and thus represent the most accurate estimates available. We also
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performed sensitivity analyses to assess the impact of uncertainty around the parameter

estimates.

Since many deaths from self-inflicted injuries are not usually associated with life-threatening
haemorrhage (e.g. self-poisoning, hanging) we excluded this category to avoid over-estimating
the number of deaths due to bleeding. However, this is likely to have led to the exclusion of
some self-inflicted deaths that were associated with haemorrhage, in which case we may have

underestimated the potential of TXA administration.

Our analysis was based on a number of assumptions. We have assumed that there was no use
of TXA as a treatment for traumatic bleeding prior to publication of the CRASH-2 trial results. It
is possible that a small proportion of the trauma deaths in our sample did receive TXA prior to
their death, which may over-estimate the number of deaths averted. However, given that any
such prior use of TXA would have been minimal it is unlikely to have greatly affected our overall

estimates.

The objective of our analysis was to estimate the potential number of deaths that could be
averted assuming TXA use under optimal conditions, that is, when administered appropriately
and within three hours of injury, to all eligible bleeding trauma patients. It is unrealistic that such
conditions are consistently and fully achieved in clinical practice. For example, the opportunity
to treat some eligible patients will be missed and errors in the dose used or its administration

may reduce the beneficial effect of TXA.

We assumed that the results of the CRASH-2 trial could be extrapolated to all hospitalised
bleeding trauma patients. The CRASH-2 trial used clinical criteria to recruit a large number of
patients from 274 hospitals in 40 countries, which helps the results to be generalised widely.
Whilst we acknowledge that the underlying risk of death will vary in different settings, this does
not necessarily imply that that the relative effect will vary. Indeed, relative effects are often
remarkably homogeneous despite differences in underlying risk. This is supported by empirical
evidence from a range of trials in which the relative effects are constant across variations in
baseline risk.3! Furthermore, there is no reason to suppose that the mechanism of action of TXA
would vary in different populations. However, we acknowledge that the appropriateness of such

extrapolation is a matter of judgement.

A further assumption is that all trauma patients reached hospital in time to receive early
treatment with TXA; that is either within one hour or within three hours of injury. Such a time
frame is unlikely to be realistic in many settings where long distances and other logistical
difficulties may delay arrival at hospital. For this reason we performed sensitivity analyses based

on the relative effect of TXA from a more conservative estimate of time-to-treatment of within
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eight hours of injury, the results of which still suggest that up to 60,000 deaths could be averted.
Besides, there is reason to predict that time between injury and treatment would be shorter in
clinical practice than in the CRASH-2 trial as delays caused by consent procedures would be

avoided.??

In applying the RR of death due to bleeding in our primary analysis we assumed that all deaths
in this group would be avoided. However, it is possible that whilst TXA may prevent death due
to bleeding, some patients would die from other causes instead. If this is the case, then our
primary analysis would over-estimate the number of death averted. To address this we
performed a sensitivity analysis in which the effect of TXA on all-cause mortality was used. Even

using this smaller relative reduction, up to 50,000 deaths could be averted.

We restricted our analysis to the potential benefit of in-hospital use of TXA. However, our
parameter estimate of the proportion of in-hospital trauma deaths indicates that most trauma
deaths occur before arrival at hospital. TXA is a practicable treatment suitable for use in a range
of health-care settings, including pre-hospital. If TXA was used in the pre-hospital setting then

many more premature deaths might be averted.
Conclusions

Our analysis shows the potential of TXA to reduce trauma deaths worldwide. Realisation of this
potential is likely to require further efforts in dissemination and implementation, particularly in

low and middle income settings.
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4.0 WHAT ARE THE EFFECTS OF TRANEXAMIC ACID FOR PREVENTING
POSTPARTUM HAEMORRHAGE?

4.1 INTRODUCTION TO RESEARCH PAPER 6

This Chapter includes Research Papers 6" and 7, which address Aim 3 of my thesis - the effects
of TXA for preventing postpartum haemorrhage. Despite one of discoverers earmarking TXA as
a potential intervention for PPH back in the 1960s, she was unable at the time to persuade
obstetricians to initiate trials* and it is only more recently that its effects for this indication have

been explored.

Despite reassuring evidence from trials in surgery and trauma, differences in the coagulation
profile observed in women immediately before, during, and after childbirth,? raises questions

concerning the effectiveness and safety in this patient group.
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4.2 DOES TRANEXAMIC ACID PREVENT POSTPARTUM HAEMORRHAGE? A SYSTEMATIC REVIEW OF

RANDOMISED CONTROLLED TRIALS
Katharine Ker, Haleema Shakur, lan Roberts
British Journal of Obstetrics & Gynaecology. 2016 Oct;123(11):1745-52.

Introduction

Postpartum haemorrhage (PPH), one of the most common obstetric emergencies, occurs in
about 10% of deliveries.! It is the leading cause of maternal mortality worldwide, responsible
for about 50,000 deaths each year.? Because hysterectomy is sometimes carried out to control
the bleeding, PPH deprives thousands of women of their ability to bear children. Anaemia is
another important consequence that limits a mother's wellbeing and her ability to work and

care for children.?

Tranexamic acid (TXA) reduces bleeding by inhibiting the breakdown of fibrin blood clots. The
WOMAN trial is currently evaluating the effect of TXA on death and hysterectomy in women
with established PPH.* However, for many women, treatment of PPH is too late. Over one third
of pregnant women in the world are anaemic and many are severely anaemic.®> In these
women, even moderate bleeding can be life threatening and by worsening their anaemia, can
cause disabling fatigue that limits their ability to care for themselves and their baby.® TXA given
at the time of delivery could prevent severe postpartum bleeding. Plasma t-PA (the main
fibrinolytic activator) doubles within an hour of delivery, probably due to the trauma of

childbirth.”

We conducted a systematic review of randomised controlled trials to assess the effects of TXA

on the risk of postpartum haemorrhage and other clinically relevant outcomes.
Methods

We specified the methods in advanced and registered the review on PROSPERO
(CRD42015020670).

Selection criteria and search strategy

We searched for randomised controlled trials comparing TXA with no TXA or a placebo in
women delivering vaginally or by caesarean section. The primary outcome was the number of
women with a clinical diagnosis of postpartum haemorrhage. Trials of TXA for the treatment
of established postpartum haemorrhage were not eligible. Secondary outcomes were death,
blood loss, blood transfusion, thromboembolic events (myocardial infarction, stroke, deep vein
thrombosis, and pulmonary embolism), surgical intervention, maternal wellbeing and quality
of life, and adverse events in baby.
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Eligible trials were identified from a register of randomised controlled trials of antifibrinolytic
drugs maintained by the London School of Hygiene & Medicine’s Clinical Trials Unit (LSHTM
CTU). The register contains records of trials identified through searches of MEDLINE, CENTRAL,
EMBASE, PubMed, ClinicalTrials.gov and the WHO International Clinical Trials Registry
Platform. Each database was searched using a combination of subject headings and keywords
(Appendix DD). In addition, we checked reference lists of relevant articles and searched the
internet using the Google search engine for further potentially eligible trials. The searches were

run to 13" May 2015 and were not restricted by date, language or publication status.
Procedures

One author screened the titles and abstracts of the search output to identify potentially eligible
trials. The full texts of these reports were then retrieved and assessed for eligibility. Data on
the number of participants, type of delivery, dose and timing of TXA, type of comparator and
outcome data were extracted by two authors using a form developed specifically for the
review. We used the Cochrane Collaboration’s tool for assessing the risk of bias. The risk of bias
assessments were based on the information presented in the trial report.® We assessed the
sequence generation, allocation concealment, blinding, incomplete outcome data and

selective outcome reporting as being at low, high, or unclear risk of bias for each trial.
Statistical analysis

For dichotomous outcomes, we calculated risk ratios and 95% confidence intervals. For
continuous outcomes, we calculated the mean difference and 95% confidence interval.
However, for blood loss, we estimated the proportional change in blood loss with TXA. Full
details of the method used are described elsewhere.® In brief, we expressed the change in
blood loss with TXA as a proportion of the blood loss in the control group. As estimates of
average blood loss are not normally distributed, we transformed blood loss data into a
logarithmic scale and conducted the analysis using the transformed values. A meta-analysis of
the differences in means using the transformed data on blood loss corresponds to a meta-
analysis of the ratio of the geometric means on the original scale. The estimates were back-
transformed to give the blood loss ratios and 95% confidence intervals on the original scale. If
sufficiently homogeneous in terms of patients, intervention and outcome measurement, we

planned to pool the trial data using the fixed effect model.

We planned to conduct subgroup analyses to examine whether the effect of TXA on the risk of
PPH varied according to whether or not the women were anaemic at baseline (anaemic
Hb<11g/dL, vs non-anaemic Hb>11g/dL). We also planned a sensitivity analysis restricted to

trials at low risk of bias for allocation concealment. Analyses were carried out using Stata
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version 13 and RevMan version 5.3.5. We reported the review in accordance with the PRISMA

Statement (Appendix EE).
Results
Trial characteristics

We identified 31 reports'®*® describing 26 trials involving a total of 4,191 women (Appendix
FF). The trial reports were published between 2001 and 2015. Five trials were Master’s degree
projects that were later published in medical journals. Two trials were reported as conference

abstracts only.

The characteristics of the included trials are shown in Appendix GG. The median sample size
was 120 (min-max=74-740). They were conducted in China (n=3), Egypt (n=2), India (n=9), Iran
(n=5), Malaysia (n=1), Pakistan (n=2), Turkey (n=3) and the Ukraine (n=1). All but one were
single-centre trials. Twenty-two trials assessed the effect of TXA in women giving birth by
caesarean section and four in women giving birth vaginally. One trial was restricted to anaemic

women (Hb 7-10g/dL).

TXA was given within 30 minutes prior to incision in all of the caesarean delivery trials except
for one in which TXA was administered at delivery of anterior shoulder. Of the four trials
involving vaginal delivery, TXA was given at delivery of anterior shoulder in three and at
delivery of the placenta in one. The TXA dose ranged from 0.5g to 1g. TXA was compared to

placebo in 13 trials and to a no-TXA group in 13 trials.

The number of patients allocated to each group was not reported in one trial and so the data
could not be used. The frequency of PPH was reported in 13 (50%) trials, blood loss in 24 (92%),
thromboembolic events in 16 (62%), death in six (23%), surgical intervention in five (19%), and
blood transfusion in 10 (38%). None of the trials collected data on maternal wellbeing or quality

of life.
Risk of bias

A summary of the risk of judgements is shown in Appendix HH. The method used to generate
the allocation sequence was adequate in eight trials and inadequate in four. The remaining 14
trials did not describe the method used and so the risk was unclear. Allocation concealment
was adequate in four, inadequate in seven, and unclear in 15 trials. Blinding was adequate in
eleven trials, inadequate in 13 and unclear in two trials. There were no missing outcome data
in four trials (low risk of bias). However, there were post-randomisation exclusions in three
trials (high risk of bias). For the remaining 19 trials insufficient information was reported to

judge the risk of bias from missing outcome data. In the one trial that was prospectively
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registered, comparison of pre-specified and reported outcomes suggested selective outcome
reporting. We could not determine the risk of bias for the remaining trials which were either

retrospectively registered (n=5) or not registered (n=20).
Data reliability

Several reports raised concerns about the data and prompted further investigations. Eight
reports contained sections of identical or very similar text despite purporting to be different
trials (Appendix Il), in addition, many of the results sections contained discrepancies and other
errors. We therefore sought further information from the authors of all trial reports to reassure
ourselves about the reliability of the data. We identified contact information for as many
authors as possible. Each author was contacted and asked to provide the dates when the first
and last patients were randomised; a copy of the ethics committee approval; and the
anonymised individual patient data. Where possible we also contacted the ethics committee

for confirmation of their approval.

We received responses for 13 (50%) trials (Appendix JJ). One author declined to provide the
information requested. Authors of nine trials confirmed recruitment dates, one did not have a
record of the dates and one did not include this information in the response. We received a
copy of the ethics approval for 10 trials, one of which was granted after the start of
recruitment. Two trials did not receive ethics approval. In one case, an author explained that
the trial was undertaken for a student thesis and formal approval from the ethics committee
was not required (this was confirmed in a separate response from the ethics committee). In
the other, although the trial report stated that ethics approval had been obtained, the author
stated this was not in fact the case. This was confirmed by the ethics committee who said that
they had no record of the trial. No explanation was offered as to why approval was not

obtained.

Seven of the 13 trials for which we received a response sent individual patient data. The
authors of two trials did not respond to this part of our request and one author of two trials
explained that he was unable to send us the data due to the theft of the laptop on which the

data for both trials were stored.

We then explored the success of the randomisation process by conducting meta-analyses of

selected baseline variables. As recommended by Clark et al/,*

we meta-analysed age as well as
baseline haemoglobin (Hb) which we identified as another relevant prognostic covariate. The
premise of this analysis is that if the trials are properly randomised, there will be no
heterogeneity, i.e. 1>=0% and any difference in baseline variables will be minimal and the result

of random error.*! The results of the meta-analyses of age and baseline Hb are shown in
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Appendix KK and Appendix LL. There was no heterogeneity (1>=0%) observed for age. However,
there was a statistically significant difference between groups suggesting that women allocated
to the TXA group were younger than those in the control (p=0.01), although this difference was
not observed when the analysis was restricted to adequately concealed trials (P=0.59). There
was substantial heterogeneity between trials for baseline Hb (1>=67%) and a statistically
significant difference between groups indicating that women allocated to the TXA group had a
lower Hb at baseline than those in the control (p=0.02). Substantial heterogeneity remained
when the analysis was restricted to adequately concealed trials (1>=62%), although the

difference in Hb between groups was no longer statistically significant (p=0.79).
Data analysis

Although the patients, interventions and outcomes were sufficiently homogeneous to pool the
data, because of our concerns about trial quality and data reliability we did not conduct a meta-
analysis. However, effect estimates and 95% Cls were calculated and presented as Forest plots
(Figure 4.1,Figure 4.2,Figure 4.3). We stratified the trials according to whether or not the final
report contained similar text. Thirteen trials presented data on the number of women who
developed postpartum haemorrhage (PPH). There was variation in the threshold used to
diagnose PPH. Four trials applied the usual definition of blood loss 21000 ml after caesarean
delivery or 2500 ml after vaginal delivery. The remaining trials used other, lower thresholds
including 2500 ml after caesarean delivery or 2400 ml after vaginal delivery. Because none of
the trials were prospectively registered, we cannot discount the possibility that the selection
of these thresholds was post hoc and data driven. In all trials fewer women in the TXA group

developed PPH than in the control group.

Figure 4.1 Results of trial assessing the effect of TXA on postpartum haemorrhage

TXA Control

Trial Events Total Events Total Risk Ratio {95% Cl)
Abdel-Aleem 2013+ 2 373 2 367 D — 0.98 (0.14, 6.95)
Gai 2004 22 91 35 89 — 0.61(0.39, 0.96)
Goswami 2013% 0 30 0 30 Not estimable
Gungorduk 2010+ 7 330 19 330 —— 0.37 (0.16, 0.86)
Gungorduk 20128 4 220 15 219 e 0.27 (0.09, 0.79)
Mirghafourvand 20138 9 60 15 60 — 0.60 (0.28, 1.26)
Xu 20128 19 88 28 86 — 0.66 (0.40, 1.09)
Yang 2001% 18 186 22 87 —— 0.38(0.22, 0.68)
Yehia 2014 33 106 67 106 + 0.49 (0.36, 0.68)
Trials with text similarities
Gobbur 20148 6 50 15 50 —— 0.40(0.17, 0.95)
Gohel 20078 5 50 14 50 — 0.36(0.14, 0.92)
Ramesh 2015% 2 100 7 100 —+—+ 0.29 (0.06, 1.34)
Sharma 20118 6 50 15 50 —— 0.40(0.17, 0.95)

f f 1 i
[PPH defined as: *21000ml;*=400ml; 0.01 0.1 1 10 100
#2500ml; not defined] Favours TXA Favours control
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Figure 4.2 Results of trials assessing the effect of TXA on blood loss

TXA Control

Trial Total Total Ratio (95% CI)
Abdel-Aleem 2013 373 367 + 0.44 (0.41, 0.46)
Gai 2004 91 89 o 0.82 (0.73, 0.93)
Goswami 2013 60 30 5 0.60 (0.55, 0.65)
Gungorduk 2010 330 330 + 0.82 (0.77, 0.87)
Gungorduk 2012 228 226 —+ 0.74 (0.67, 0.82)
Mirghafourvand 2013 60 60 — 0.62 (0.52, 0.75)
Movafegh 2011 50 50 -+ 0.66 (0.61, 0.71)
Poonia 2012 50 50 + 0.44 (0.42, 0.46)
Safdarian 2015 0 0 + 0.79 (0.74, 0.84)
Senturk 2012 01 122 — 0.79 (0.69, 0.90)
Taj 2014 0 0 1 0.54 (0.53, 0.55)
Tarabrin 2012 19 18 - 0.60 (0.55, 0.65)
Xu 2012 88 8b — 0.86 (0.76, 0.97)
Yang 2001 186 87 — 0.77 (0.67, 0.88)
Yehia 2014 0 0 —+ 0.59 (0.53, 0.65)
Zizi 2013 93 81 —1— 0.75 (0.64, 0.88)
Trials with text similarities

Gobbur 2014 50 50 -+ 0.79(0.72, 0.88)
Gohel 2007 50 50 + 0.79 (0.76, 0.82)
Halder 2013 50 50 1 0.99 (0.95, 1.03)
Ramesh 2015 100 100 + 0.76 (0.72, 0.81)
Rashmi 2012 50 50 G 0.77 (0.73, 0.81)
Sekhavat 2009 45 45 —+ 0.76 (0.70, 0.83)
Shahid 2013 38 36 —— 0.49 (0.42, 0.57)
Sharma 2011 50 50 t 0.78 (0.76, 0.81)

| | I }

T T
05 07 i 15 2
Favours TXA Favours control

Figure 4.3 Results of trials assessing the effect of TXA on blood transfusion

TXA Control

Study Events Total Events Total Risk Ratio {95% Cl)
Goswami 2013 0 60 2 30 O M 0.10(0.01, 2.05)
Gungorduk 2010 2 330 7 330 —tt 0.29 (0.06, 1.37)
Gungorduk 2012 1 220 3 219 — 11— 0.33(0.03,3.17)
Safdarian 2015 0 100 0 100 Not estimable
Samimi 2013 0 100 4 100 —f— 0.11 (0.01, 2.04)
Senturk 2012 0 101 0 122 Not estimable
Xu 2012 8 88 19 86 —I 0.41 (0.19, 0.89)
Yehia 2014 0 106 2 106 —+—— 0.20(0.01,4.12)
Trial with text similarities
Shahid 2013 3 38 12 36 —— 0.24 (0.07, 0.77)

f f f !

0.001 0.1 1 10 1000

Favours TXA Favours control

Twenty-four trials presented data on average blood loss in both groups. All of the effect

estimates are consistent with less blood loss in the TXA group; the difference is statistically
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significant in all but one trial. There is notable variation in the magnitude of the effect

estimates.

Nine trials reported blood transfusion data. There were no events in two trials. In all of the
remaining seven trials, fewer women in the TXA group received a blood transfusion than those
in the control group. There were no deaths, surgical interventions, or cases of myocardial
infarction, stroke or pulmonary embolism in any of the trials reporting these outcomes. In one
trial, four women suffered a deep vein thrombosis, there was no difference in risk between the

groups (TXA 2/88 vs control 2/86; RR=0.98, 95% Cl 0.14 to 6.78).
Discussion
Main findings

Worldwide, over 10 million women experience a postpartum haemorrhage each year. About
50,000 women die, many more lose their ability to bear children and hundreds of thousands
suffer debilitating fatigue from anaemia. TXA is an inexpensive, widely available medicine that
has been shown to reduce bleeding in surgery and reduce the risk of death in bleeding trauma
patients.*> *3 It is therefore unsurprising that there is interest in its role in the prevention of
postpartum haemorrhage. However, our review shows that most trials of TXA are small, low
quality, single-centre studies. We found that many trial reports shared similar or identical text,
and contained important errors or inconsistencies. Two trials were conducted without ethics

committee approval and only one was prospectively registered.
Strengths and limitations

Due to concerns about data quality and reliability we did not conduct a meta-analysis. When
examined separately, the results of the individual trials were largely consistent with evidence
from surgical bleeding, with most reporting less bleeding with TXA. However, the criteria used
to diagnose PPH varied between trials and the absence of blinded outcome assessmentin many
trials may have introduced bias. Also, because the trials are too small to assess the effect of
TXA on maternal health outcomes and none measured maternal wellbeing, the clinical

importance of any reduction in bleeding is uncertain.

Most systematic reviews assume that trial reports provide an accurate description of the
methods and results. However, after finding that eight trials contained identical text and that
some of the trial results were also similar, we were obliged to question this assumption. We
therefore asked the authors of all trials to provide dates of recruitment, a copy of the ethics
committee approval and the anonymised individual patient data in an attempt to assess their
reliability. We received a response for only half of the included trials and less than half of these

provided all the information requested. Moreover, the meta-analysis of baseline variables
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suggests that the randomisation process was inadequate in many trials. Although our review
aimed to include only randomised controlled trials, many of the included trials were not

properly randomised and were imbalanced for key prognostic variables.
Interpretation (in the light of other evidence)

Other systematic reviews have assessed the effect of TXA on obstetric bleeding.***® However,
ours is the first to describe the scale and nature of deficiencies in the evidence that go beyond
the standard risk of bias assessment. Unless these deficiencies are brought to the attention of
the maternal health community, treatment decisions could be based on unsound evidence,
putting women at risk. Indeed, some of the trials have already informed the WHO’s

recommendations on the use of TXA for the treatment of postpartum haemorrhage.

As well as highlighting the poor quality of trial research in this area, the process of conducting
this review has brought to our attention the lack of guidance on how systematic reviewers
should deal with trial quality concerns that go beyond those assessed by the standard risk of

bias approach.

Furthermore, because we were unwilling to ignore these concerns, we devised our own
approach to investigating them. We do not claim that our approach is the best and welcome

ideas on more effective ways to deal with similar situations in the future.
Conclusions

Although reducing maternal mortality has been a development goal for 15 years, this review
suggests that in some areas the quantity and quality of the research needed to support this
humanitarian aspiration is inadequate and is not commensurate with the level of political
ambition. We do not doubt that most of the included trials were conducted in good faith with
the patients' interests in mind. However, a problem of such global health importance requires
a strategic response from professional research teams rather than the efforts of concerned
clinicians at a single hospital. Large, high quality, multi-centre trials with end points that matter

to women are urgently needed.
References

1. Calvert C, Thomas SL, Ronsmans C, Wagner KS, Adler AJ, Filippi V. Identifying regional
variation in the prevalence of postpartum haemorrhage: a systematic review and meta-
analysis. PLoS One 2012;7(7):e41114.

2. Kassebaum NJ, Bertozzi-Villa A, Coggeshall MS, Shackelford KA, Steiner C, Heuton KR, et

al. Global, regional, and national levels and causes of maternal mortality during 1990-

108



10.

11.

12.

2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet
2014;384(9947):980-1004.

Geller SE, Adams MG, Kelly PJ, Kodkany BS, Derman RJ. Postpartum hemorrhage in
resource-poor settings. Int J Gynaecol Obstet 2006;92(3):202-211.

Shakur H, Elbourne D, Gulmezoglu M, Alfirevic Z, Ronsmans C, Allen E, et al. The WOMAN
Trial (World Maternal Antifibrinolytic Trial): tranexamic acid for the treatment of
postpartum haemorrhage: an international randomised, double blind placebo controlled
trial. Trials 2010;11:40.

Stevens GA, Finucane MM, De-Regil LM, Paciorek CJ, Flaxman SR, Branca F, et al. Global,
regional, and national trends in haemoglobin concentration and prevalence of total and
severe anaemia in children and pregnant and non-pregnant women for 1995-2011: a
systematic analysis of population-representative data. Lancet Glob Health
2013;1(1):e16-25.

Jansen AJ, Essink-Bot ML, Duvekot JJ, van Rhenen DJ. Psychometric evaluation of health-
related quality of life measures in women after different types of delivery. J Psychosom
Res 2007;63(3):275-281.

Kruithof EK, Tran-Thang C, Gudinchet A, Hauert J, Nicoloso G, Genton C, et al. Fibrinolysis
in pregnancy: a study of plasminogen activator inhibitors. Blood 1987;69(2):460-466.
Higgins JPT, Altman DG, Sterne JAC, (editors), Chapter 8: Assessing risk of bias in included
studies. In: Higgins JPT, Green S (editors). Cochrane Handbook for Systematic Reviews of
Interventions. Version 5.1.0 [updated March 2011]. The Cochrane Collaboration.

Available from www.cochrane-handbook.org. 2011.

Perel P, Roberts I, Ker K. Colloids versus crystalloids for fluid resuscitation in critically ill
patients. Cochrane Database Syst Rev 2013;2:CD000567.

Abdel-Aleem H, Alhusaini TK, Abdel-Aleem MA, Menoufy M, Gulmezoglu AM.
Effectiveness of tranexamic acid on blood loss in patients undergoing elective cesarean
section: randomized clinical trial. J Matern Fetal Neonatal Med 2013;26(17):1705-1709.
Deka N, Efficacy of tranexamic acid in decreasing blood loss during and after cesarean
section: a randomized case controlled prospective study, in Department of Obstetrics &
Gynaecology. 2012, Rajiv Gandhi University of Health Sciences, Karnataka, Bangalore.
Gai MY, Wu LF, Su QF, Tatsumoto K. Clinical observation of blood loss reduced by
tranexamic acid during and after caesarian section: a multi-center, randomized trial.
European journal of obstetrics, gynecology, and reproductive biology 2004;112(2):154-
157.

109



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Gobbur VR, Reddy SV, Usha J, Bijapur. Efficacy of tranexamic acid in reducing blood loss
during lower segment caesarean section. 54th All India Congress of Obstetrics and
Gynaecology; 2011 January 5-9; Hyderabad, Andhra Pradesh, India. 2011:92. 2011.
Gobbur VR, Shiragur SS, Jhanwar UR, Tehalia MJ. Efficacy of tranexamic acid in reducing
blood loss during lower segment caesarean section. International Journal of
Reproduction, Contraception, Obstetrics and Gynecology 2014;3(2):414-417.

Gohel M, Patel P, Gupta A, Desai P. Efficacy of tranexamic acid in decreasing blood loss
during and after cesarean section: a randomized case controlled prospective study.
Journal of Obstetrics and Gynaecology of India 2007;57(3):228-230.

Goswami U, Sarangi S, Gupta S, Babbar S. Comparative evaluation of two doses of
tranexamic acid used prophylactically in anemic parturients for lower segment cesarean
section: A double-blind randomized case control prospective trial. Saudi Journal of
Anaesthesia 2013;7(4):427-431.

Gungorduk K, Asicioglu O, Yildirim G, Ark C, Tekirdag Al, Besimoglu B. Can intravenous
injection of tranexamic Acid be used in routine practice with active management of the
third stage of labor in vaginal delivery? A randomized controlled study. Am J Perinatol
2013;30(5):407-414.

Gungorduk K, Yildirim G, Asicioglu O, Gungorduk OC, Sudolmus S, Ark C. Efficacy of
Intravenous Tranexamic Acid in Reducing Blood Loss after Elective Cesarean Section: A
Prospective, Randomized, Double-Blind, Placebo-Controlled Study. Am J Perinatol 2010.
Halder S, Samanta B, Sardar R, Chattopadhyay S. Tranexamic acid used before caesarean
section reduces blood loss based on pre- and postoperative haemoglobin level: a case-
control study. J Indian Med Assoc 2013;111(3):184-186.

Jhanwar UR, Efficacy of tranexamic acid in reducing blood loss during and after the lower
segment cesarean section, in Department of Obstetrics & Gynaecology. 2010, Rajiv
Gandhi University of Health Sciences, Karnataka, Bangalore.

Mirghafourvand M, Mohammad-Alizadeh S, Abbasalizadeh F, Shirdel M. The effect of
prophylactic intravenous tranexamic acid on blood loss after vaginal delivery in women
at low risk of postpartum haemorrhage: a double-blind randomised controlled trial. Aust
N Z J Obstet Gynaecol 2015;55(1):53-58.

Movafegh A, Eslamian L, Dorabadi A. Effect of intravenous tranexamic acid
administration on blood loss during and after cesarean delivery. Int J Gynaecol Obstet
2011;115(3):224-226.

Poonia M, Bansal A, Bhardwaj N, Anita, Kumari S. Role of Tranexamic Acid in Reducing
Blood Loss After Caesarean Section: A Randomized Case Control Prospective Study.

Journal of Medical Science & Research 2012;3(2):44-46.
110



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Ramani B, Nayak L. Intravenous 1 gram tranexamic acid for prevention of blood loss and
blood transfusion during caesarean section: a randomized case control study.
International Journal of Reproduction, Contraception, Obstetrics and Gynecology
2014;3(2):366-369.

Ramesh AC, Rajni S, Deka N. Efficacy of Tranexamic Acid in Decreasing Blood Loss During
and after Cesarean Section: a Randamized Case Controlled Prospective Study. Indian
Journal of Public Health Research & Development 2015;6(2):12-15.

Rashmi PS, Sudha TR, Prema P, Rajashri P, Vijayanath V. Role of Tranexamic acid in
reducing blood loss during and after cesarean section. A randomized case control
prospective study. Journal of medical research and practice 2012;1(2):40-43.

Safdarian L, Najafian A, Moshfeghi S, Alavi A, Shoar MM, Qanbarnezhad A. The effect of
tranexamic acid in decreasing blood loss during and after cesarean section. GMP Review
2015;17(1):158-161.

Samimi M, Moravveji SA, Heidari—Shirazi F. The effect of tranexamic acid on pregnancy
outcome and vaginal post-parturition hemodynamics Feyz Journal of Kashan University
of Medical Sciences 2013;17(2):114-122.

Sekhavat L, Tabatabaii A, Dalili M, Farajkhoda T, Tafti AD. Efficacy of tranexamic acid in
reducing blood loss after cesarean section. The journal of maternal-fetal & neonatal
medicine : the official journal of the European Association of Perinatal Medicine, the
Federation of Asia and Oceania Perinatal Societies, the International Society of Perinatal
Obstetricians 2009;22(1):72-75.

Senturk MB, Cakmak Y, Yildiz G, Yildiz P. Tranexamic acid for cesarean section: a double-
blind, placebo-controlled, randomized clinical trial. Arch Gynecol Obstet
2013;287(4):641-645.

Shahid A, Khan A. Tranexamic acid in decreasing blood loss during and after caesarean
section. J Coll Physicians Surg Pak 2013;23(7):459-462.

Sharma R, Najan R, Misra MK. Efficacy of tranexamic acid in decreasing blood loss during
and after cesarean section. Biomedical & Pharmacology 2011;4(1):231-235.

Taj N, Firdous A, Akhtar N, Chaudhary MH, Sarah, Bajwa Z, et al. Efficacy of Tranexamic
acid in reducing blood loss during and after Cesarean section. Rawal Medical Journal
2014;39(3):311-313.

Tarabrin O, Galich S, Tkachenko R, Gulyaev A, Shcherbakov S, Gavrychenko D. Reduced
blood loss during Caesarean section under the action of tranexamic acid. European

Journal of Anaesthesiology 2012;29:97.

111



35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45.

46.

Tarabrin O, Kaminskiy V, Galich S, Tkachenko R, Gulyaev S, Shcherbakov S, et al. Efficacy
of tranexamic acid in decreasing blood loss in cesarean section. Crit Care 2012;16(suppl
1):5157.

Xu J, Gao W, Ju Y. Tranexamic acid for the prevention of postpartum hemorrhage after
cesarean section: a double-blind randomization trial. Arch Gynecol Obstet
2013;287(3):463-468.

Yang H, Zheng S, Shi C. [Clinical study on the efficacy of tranexamic acid in reducing
postpartum blood lose: a randomized, comparative, multicenter trial]. Zhonghua Fu
Chan Ke Za Zhi 2001;36(10):590-592.

Yehia AH, Koleib MH, Abdelazim IA, Atik A. Tranexamic acid reduces blood loss during
and after cesarean section: A double blinded, randomized, controlled trial. Asian Pacific
Journal of Reproduction 2014;3(1):53-56.

Zheng SR, Chi GZ. Effects of tranexamic acid on decreasing blood loss within two hours
after delivery. A multicenter randomized comparative study. Blood 2000;96(11):846a.
Zizi A, Aris S, Suharjono HN. To study the role of tranexamic acid in reducing blood loss
during and after caesarean section in Sarawak General Hospital. Journal of Surgical
Academia 2013;3(1):50.

Clark L, Fairhurst C, Cook E, Torgerson DJ. Important outcome predictors showed greater
baseline heterogeneity than age in two systematic reviews. J Clin Epidemiol
2015;68(2):175-181.

CRASH-2 trial collaborators. Effects of tranexamic acid on death, vascular occlusive
events, and blood transfusion in trauma patients with significant haemorrhage (CRASH-
2): arandomised, placebo-controlled trial. Lancet 2010;376(9734):23-32.

Ker K, Edwards P, Perel P, Shakur H, Roberts |. Effect of tranexamic acid on surgical
bleeding: systematic review and cumulative meta-analysis. BMJ 2012;344:e3054.
Heesen M, Bohmer J, Klohr S, Rossaint R, van de Velde M, Dudenhausen JW, et al.
Prophylactic tranexamic acid in parturients at low risk for post-partum haemorrhage:
systematic review and meta-analysis. Acta Anaesthesiol Scand 2014;58(9):1075-1085.
Novikova N, Hofmeyr GJ, Cluver C. Tranexamic acid for preventing postpartum
haemorrhage. Cochrane Database Syst Rev 2015;6:CD007872.

Sentilhes L, Lasocki S, Ducloy-Bouthors AS, Deruelle P, Dreyfus M, Perrotin F, et al.
Tranexamic acid for the prevention and treatment of postpartum haemorrhage. Br J

Anaesth 2015;114(4):576-587.

112



4.3 INTRODUCTION TO RESEARCH PAPER 7

The results of the systematic review presented in Research Paper 6 show that the existing trial

evidence for the effects of TXA for preventing PPH is inadequate.

Since | completed the review, two important randomised placebo-controlled trials have been
completed - the TRAAP trial and the WOMAN trial. The TRAAP trial assessed the effect of TXA
for preventing postpartum bleeding in 4079 women giving birth vaginally in hospitals in France.
At the time of writing this thesis, the TRAAP trial results have not been published in full, although
selected results were presented at the Society for Maternal-Fetal Medicine 38th Annual Meeting
in February 2018.! These show that fewer women in the TXA group experienced postpartum
blood loss of 2500 mL compared to those in the placebo group, although the difference was not
statistically significant (RR=0.83, 95% Cl 0.68 to 1.01; p=0.07). The WOMAN trial assessed the
effects of TXA in 20,060 women with PPH in 193 hospitals in 21 countries.? The results showed
that TXA reduces the risk of bleeding to death after PPH (RR=0.81, 95% CI 0.65 to 1.00; p=0.045).
However, data from the WOMAN trial also suggests that for many women treatment of PPH is
too late. Most women who bled to death from PPH, did so very quickly, many within the first
two hours after giving birth. A way of preventing excessive bleeding from occurring in the first
place would therefore appear to be crucial in the effort to reduce mortality and morbidity from

PPH.

Although the results of my systematic review (Research Paper 6) was that there is no reliable
evidence for the effects of TXA for preventing PPH, the subsequently published evidence from
the TRAAP and WOMAN trials, provide reason to hope that TXA may be effective, especially in

women at high risk of PPH.

In response to this, the LSHTM CTU is embarking the WOMAN-2 trial, a randomised, placebo-
controlled trial to assess the effects of TXA for preventing postpartum bleeding in 10,000 women
with anaemia. | am a member of the Protocol Committee, a multidisciplinary team that has
designed the WOMAN-2 trial building on the experience of CRASH-2 and WOMAN trials, which
were also co-ordinated by the LSHTM CTU. | have taken a lead in the drafting of the protocol
and am first author of the version submitted for publication in Trials. | am also a named co-

applicant on the funding applications.

Thetrial is funded by Wellcome and the Bill & Melinda Gates Foundation and is due to randomise
the first women by January 2019. Research Paper 7 is an abridged version of the trial protocol,

which | have submitted for publication in Trials.
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4.4 TRANEXAMIC ACID FOR THE PREVENTION OF POSTPARTUM BLEEDING IN WOMEN WITH ANAEMIA:

AN INTERNATIONAL, RANDOMISED, DOUBLE-BLIND, PLACEBO CONTROLLED TRIAL

Ker K, Roberts |, Chaudhri R, Fawole B, Beaumont D, Balogun E, Prowse D, Pepple T, Javaid K,
Kayani A, Arulkumaran S, Bates |, Shakur-Still H, on behalf of the WOMAN-2 trial collaborators

Trials (submitted)
Background

Postpartum haemorrhage (PPH) is a leading cause of maternal mortality and morbidity. PPH
follows 6% to 10% of all births and accounts for around 100,000 maternal deaths every year.'?
Ninety-nine percent of deaths are in low and middle income countries (LMICs).* Many women
who survive experience severe morbidity. Some women need surgery to control the bleeding
(e.g. exploratory laparotomy, uterine artery ligation, brace sutures) and many require a
hysterectomy, thus removing the possibility of having more children. Severe morbidity due to
PPH interferes with breastfeeding and bonding.> PPH is a frightening experience and some

women develop post-traumatic stress disorder.®

Many women with PPH are given a blood transfusion. However, blood is a scarce and costly
resource in LMICs and access to safe blood is limited. The blood donation rate in Africa is 5 per
1000 population compared to 47 per 1000 population in the USA and it is estimated that 35 of
the 40 sub-Saharan countries collect less than half of the donor blood required to meet their
population needs.” Even when blood is available, because of problems with screening, recipients

are at risk of blood borne infections and adverse transfusion reactions are common.

Anaemia is a cause and consequence of PPH. A cohort study in Assam, India found that women
with moderate or severe anaemia had a greatly increased risk of PPH.28 Women with moderate
anaemia had a 50% increased risk of PPH, whereas those with severe anaemia had a ten-fold
increased risk. The reason for the increased risk is unclear but some researchers think that
anaemic women are more susceptible to uterine atony due to impaired oxygen transport to the
uterus. Anaemic women experience worse outcomes after PPH. An international survey of
275,000 women found that severe maternal outcomes after PPH were nearly three times more
common in anaemic than in non-anaemic women.® Even moderate bleeding can be life
threatening in anaemic women. Excessive bleeding after childbirth worsens maternal anaemia,
raising the possibility of a vicious circle of bleeding and adverse outcomes. Fatigue due to
anaemia limits a mother’s wellbeing and her ability to care for her children.® Despite efforts to
prevent anaemia, many women labour with low haemoglobin levels. Worldwide, over one third

of pregnant women are anaemic and many are severely anaemic.!! The prevalence is highest in
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countries in central and West Africa as well as in South Asia where about half of pregnant woman
are anaemic and it poses a severe public health problem.'*? There is an urgent need to find an

effective way to reduce postpartum bleeding in anaemic women.

Tranexamic acid (TXA) is a synthetic analogue of the amino acid lysine, which inhibits fibrinolysis
by blocking the lysine binding sites on plasminogen. TXA reduces surgical bleeding and death
due to bleeding in trauma patients. The WOMAN trial assessed the effects of TXA in 20,060
women with PPH.2® TXA significantly reduced death due to bleeding with no adverse effects.
When given within three hours of birth, TXA reduced death due to bleeding by nearly one third
(RR=0.69, 95% CI 0.52 to 0.91; p=0.008). However, for many women, treatment is too late to
prevent death from PPH. Most PPH deaths occur in the first hours after giving birth and women
with anaemia are at increased risk. Whilst there have been some trials of TXA for the prevention
of PPH, most have serious flaws and very few collected data on maternal wellbeing. There is very
little reliable evidence about the effectiveness and safety of TXA for preventing postpartum

bleeding, especially in high risk anaemic women.

The WOMAN-2 trial will determine the effects of TXA in women with moderate or severe
anaemia who give birth vaginally. For pregnant women, the WHO defines moderate anaemia as
haemoglobin levels of 70-99 g/L and severe anaemia as haemoglobin levels lower than 70 g/L.**
Women with anaemia are at increased risk of PPH and experience worse outcomes should PPH
occur. By including women with moderate or severe anaemia, participating women have the
potential to benefit from the trial treatment. Results from clinical trials of TXA in elective surgery
show that TXA reduces blood loss by about one third irrespective of baseline blood loss.?® In
other words, TXA treatment seems to move the entire distribution of bleeding towards reduced
blood loss. If this is also the case in postpartum anaemic women, then trial participants have the
potential to benefit whether or not they experience PPH, since even moderate or mild blood

loss can have adverse health consequences in anaemic women.

Around 10,000 women with moderate or severe anaemia giving birth in hospitals primarily in
Africa and Asia will be randomly allocated to receive TXA or matching placebo after the umbilical
cord is cut or clamped. Although there is no evidence of any adverse effects on the baby, by
randomising women after cutting or clamping the umbilical cord, any risk associated with
placental transfer of the trial treatment to the baby is removed. The umbilical cord will be cut
or clamped in the usual way and the timing will not be affected by the trial. TXA passes into
breast milk in very low concentrations and so an antifibrinolytic effect in the baby is highly

unlikely.

The ability to form a blood clot depends on fibrinogen levels. In both trauma and PPH, a low

serum fibrinogen is a strong predictor of life threatening bleeding. Fibrinogen declines rapidly
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during bleeding due to its consumption in fibrin clot formation. However, fibrinolysis due to the
activation of plasmin by tissue plasminogen activator worsens fibrinogen depletion by breaking
down clots. Tissue plasminogen activator mediated fibrinogenolysis also depletes fibrinogen
levels. Early TXA administration has the potential to prevent excessive blood loss by interrupting
the vicious circle of fibrinolysis and fibrinogen depletion. Women with anaemia are at increased
risk of bleeding soon after delivery. If they can be treated with TXA before their fibrinogen levels

fall, severe postpartum bleeding and its consequences may be prevented.
Rationale for trial

For some women the treatment of PPH is too late to prevent death and severe morbidity.
Despite efforts to increase the availability of antenatal care, many women are anaemic at the
time of giving birth and blood for transfusion is often unavailable. There is an urgent need to
reduce postpartum bleeding and its adverse impacts on mothers, especially in anaemic women
in LMICs. Knowing that TXA reduces deaths due to bleeding after PPH provides reason to believe
that it might also prevent PPH. However, the evidence to date is insufficient to support the
prophylactic use of TXA in routine clinical practice. Most of the available trials of TXA for
preventing PPH are small and unreliable, and few collect information on maternal health and
wellbeing.'® 17 One exception is the TRAAP trial'® which enrolled 4079 women who were giving
birth vaginally in French hospitals. Women were randomised to receive 1 g TXA or matching
placebo within two minutes after delivery. Although women who received TXA were less likely
to experience a blood loss of 2500 mL (the primary end point) the difference was not statistically
significant (RR=0.83, 95% CI 0.68 to 1.01; p=0.07). Fewer woman in the TXA group received
additional uterotonics (RR=0.75, 95% 0.61 to 0.92; p=0.006) however, there were no statistically
significant differences in transfusion, change in haemoglobin or surgical intervention. The
WOMANS-2 trial will provide reliable evidence on the effects of TXA when used to prevent PPH
in anaemic women in LMICs. Although there was no increase in thrombotic events with TXA in
the WOMAN or TRAPP trials, the administration of TXA to all women who give birth vaginally
may be inappropriate. There is an increased risk of venous thrombosis in the postpartum
period! and maternal anaemia is an established risk factor.?’ Treating all mothers would involve
treating all women when only a proportion would benefit. However, in anaemic women the
benefits could outweigh any harms so that a trial is justified. Inclusion in the trial will be limited
to women giving birth vaginally. For women who give birth by caesarean section, especially for
placenta abnormalities, the interval between cord clamping and PPH onset is short, often a

matter of minutes, so the potential of TXA to prevent coagulopathy and PPH is limited.

Safety of tranexamic acid
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TXA is a widely used treatment with a good safety profile. Although on pathophysiological
grounds we might expect an increased risk of thrombosis with antifibrinolytic drugs, randomised
trials including over 50,000 participants show no increased risk. High doses of TXA (doses from
7.5 g up to 20 g) have been associated with seizures in cardiac surgery but there was no increase
in seizures in the CRASH-2 or WOMAN trials, which used a 1-2 g dose. TXA passes into breast
milk in very low concentrations, approximately one hundredth of the concentration in maternal
blood. An antifibrinolytic effect in the breast-fed infant is highly unlikely at this low
concentration.?” 22 No adverse events in breastfed babies were found in the WOMAN trial.
Because TXA will be given after cutting or clamping the umbilical cord, there will be no risk of
placental transfer to the baby. Nevertheless, we will collect data on nausea, vomiting, diarrhoea,
maternal thrombotic events, seizures and thromboembolic events in breastfed babies, in all
participants as outcomes. These outcome events will not be reported using the adverse event

reporting procedure.
Objective

To determine the effects of TXA on postpartum bleeding and other health outcomes in women

with moderate or severe anaemia.

Methods/Design

This protocol has been prepared in accordance with the SPIRIT 2013 statement.?
Overview

The WOMAN-2 trial is a randomised, parallel group, double-blind, placebo controlled trial of the
effects of TXA in women with moderate or severe anaemia who are giving birth vaginally. Ten
thousand women with moderate or severe anaemia who are giving birth in hospitals will be
randomised to receive 1 g of TXA or matching placebo (sodium chloride 0.9%) by intravenous
injection immediately and no later than 15 minutes after the umbilical cord is cut or clamped

(Figure 4.4).
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Figure 4.4 Trial overview

INITIAL ASSESSMENT OF POTENTIAL ELIGIBILITY

Women in ACTIVE stage of labour admitted to hospital for planned vaginal birth and with Hb <100 gfL {or PCV <30%),
no indication or contra-indication to TXA.

J

o l "\
CONSENT PROCEDURE

Use appropriate consent procedure, eitherwritten informed consent orverbal agreement.
. v
COLLECT BASELINE DATA

N

CONFIRM ELIGIBILITY
At delivery of anterior shoulderand up to cutting/clamping of umbilical cord (vaginal delivery, appropriate consent,
Hb <100 g/L or PCV <30%, no PPH, no indication or contra-indication to TXA).
Selectlowest numbered treatment pack, confirm intact, and prepare trial treatment. y
A
4 n

RANDOMISE

Administer TXA/placebo (10 mL IV) immediately (no laterthan 15 minutes) afterthe umbilical cord is cut or clamped.

l

COLLECT OUTCOME DATA

Outcomes related to PPH measured at 24 hours, discharge, or death, whicheveris earlier.

Other outcomes measured at day 42, discharge, or death, whicheveris earlier.
\ J

Setting

Women from hospitals where anaemia in pregnancy is common, primarily Africa and Asia will
be enrolled. All participating hospitals will have the facilities to provide comprehensive essential

obstetric care as defined by the World Health Organization.
Number of participants needed

For the purpose of the sample size calculation, a baseline risk of PPH of 10% was assumed. A
trial with 10,000 women would have over 90% power (two sided alpha=5%) to detect a clinically
important 25% reduction from 10% to 7.5% in PPH. The sample size estimate is based on two
key assumptions (1) the baseline event rate and (2) the size of the treatment effect. The primary
endpoint is PPH. The prevalence of PPH is estimated at 6% world-wide but 10% in Africa and
Asia. If the event rate is 10% then the trial has 99% power. However, if the event rates is lower,
the study will have less power. For example if the 6% estimate applies, the trial would have just
over 90% power. Planning for the possibility that the event rate may be lower than anticipated

is a sensible precaution. It is also possible that the treatment effect is not as large as predicted.
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Although a 25% reduction would be clinically important, a more modest reduction would also
be worthwhile. The additional power also reduces the chance that a more modest treatment
effect will be missed. Experience from the WOMAN trial shows that loss to follow-up will be
minimal (less than 1%) and will not influence trial power. The LSHTM CTU has successfully
recruited large sample sizes for previous international trials and is experienced at managing
recruitment at sites to ensure that target recruitment is achieved. The main anticipated risk to
recruitment to the WOMAN-2 trial is political instability in the participating countries. The main
resource for mitigating this risk is the large international network of obstetric clinical trialists
that was established during the WOMAN trial. If political instability prevents the recruitment of
patients in any of the planned settings, recruitment in other sites will be initiated, thereby

reducing the risk.
Identification of participating investigators and trial sites

Participating investigators and trial sites will be identified from the international network of
obstetricians that was established during the WOMAN trial and includes hospitals where
anaemia in pregnancy is common. Before the trial can start at any site, all relevant regulatory
and ethics approvals must be in place and the site principal investigator must agree to conduct
the trial according to the Protocol, Good Clinical Practice guidelines and all the relevant
regulations. Names of participating sites will be listed on the trial website

(http://woman2.lshtm.ac.uk/).

Eligibility of Participants
Inclusion criteria

Women with moderate or severe anaemia (haemoglobin level <100 g/L or packed cell volume
<30%), who have given birth vaginally and for who the responsible clinician is substantially

uncertain whether to use TXA.
Exclusion criteria

e Womenwho are not legally adult (<18 years) and permission not provided by a guardian.
e Women with a known allergy to TXA or its excipients.

e Women who develop PPH before umbilical cord is clamped/cut.
Screening and enrolment procedures

Routine clinical screening: Many pregnant women are likely to arrive to give birth at a
participating hospital without antenatal care, or with low compliance with treatments for
anaemia. It is important for her clinical care that her haemoglobin (Hb) or Packed Cell Volume

(PCV) value is known before giving birth. If no test has been done on admission to give birth,
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women planning to give birth vaginally will be offered a standard point of care haemoglobin
assessment (HemaCue®) on arrival at hospital. Pregnant women will be informed about the
purpose of the test before it is performed and they will have the right to accept or decline in line
with any clinical care being offered. The test will be provided free of charge. Information on

patients screened will be recorded on a Screening Log.

Women with a moderate or severe anaemia (haemoglobin level <100 g/L or PCV <30%) will be

offered the opportunity to participate in the WOMAN-2 trial.

Baseline screening and eligibility confirmation: Following completion of the appropriate
informed consent procedure, data on demographics, anthropometry, clinical signs, pregnancy
and medical history, risk factors for postpartum haemorrhage, about the birth, about the
baby/ies and baseline treatment plan for the anaemia, will be collected in the Case Report Form
Booklet. Some data will be collected before a woman gives birth which will assess potential
eligibility. Final eligibility will be confirmed at delivery of the baby’s anterior shoulder up to when
the cord is clamped or cut. This is because some women who plan to deliver vaginally and have
provided consent may need a caesarean section or may develop PPH before the cord is cut or

clamped which will make them ineligible for the trial.
Randomisation

An IT coding expert supported by a statistician who are not involved in the conduct of the trial
will prepare the randomisation codes. They will give a copy to the Sponsor’s representative, who
is also not associated with the conduct of the trial, for manual back-up. The IT coding expert will
also send the codes to the trial drug manufacturer so that treatment packs can be prepared in
accordance with the randomisation list. Trial staff (coordinating centres and sites) and patients
will not have access to the randomisation codes until final database lock or unless un-blinding

of an individual patient is requested.

Women who are eligible for inclusion will be randomised to receive active (tranexamic acid) or

placebo (sodium chloride 0.9%) by intravenous injection.

Once eligibility has been confirmed at delivery of the baby’s anterior shoulder and up to when
the cord is clamped/cut, the next lowest consecutively numbered pack will be taken from a box
of 20 treatment packs. The participant is considered randomised to the trial once administration
of the trial treatment has started. Each site will keep a log of women they randomise to the trial.

Site investigators will need to explain any out-of-sequence use of the trial treatment.
Trial treatment

Name and description of investigational medicinal product
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Tranexamic acid (TXA) is a synthetic derivative of the amino acid lysine that exerts an
antifibrinolytic effect through the reversible blockade of lysine binding sites on plasminogen
molecules. TXA is sold under a variety of trade names for the treatment of bleeding due to
general or local fibrinolysis in adults and children from one year of age.?* TXA would be given in
addition to all the usual interventions for preventing PPH thus WOMAN-2 will compare its

effects with matching placebo (sodium chloride 0.9%) to ensure blinding.
Drug administration and dosage schedule

A single dose of 1 gram of TXA or placebo (sodium chloride 0.9%) by intravenous injection will
be given immediately after the umbilical cord is cut or clamped, and no more than 15 minutes
later. There should be no delay in administering the trial medication after the umbilical cord is
cut or clamped. Each treatment pack contains two ampoules each containing 500 mg (5 mL) of
TXA or placebo (5 mL), and one sterile 10 mL syringe and 21G needle. Appropriately qualified
staff will prepare the treatment to be administered by drawing up the contents of both
ampoules into the 10 mL syringe using the 21G needle provided. Before administration, the
expiry date will be checked and the randomisation number confirmed. The contents of both
ampoules (total volume 10 mL) will be administered as a slow intravenous injection at rate of

about 1 mL/minute using standard local intravenous administration procedure.

In the event of multiple births, the trial drug will be given after cutting or clamping the umbilical

cord of the last baby.
Outcome measures

Once randomised, we will collect follow-up data even if the trial treatment is not completed.
Data will be collected within the first 24 hours after administration of the trial treatment and
final outcome data will be collected when a woman is discharged from the randomising hospital,
at death or 42 days post randomisation, whichever occurs first. In the event a woman is
discharged or dies within 24 hours, all outcomes will be assessed at the same time. Adverse

events will be collected from administration of the trial medication up to day 42.
Primary outcome:

The primary outcome is a clinical diagnosis of primary PPH. This may be an estimated blood loss
of more than 500 mL or any blood loss sufficient to compromise haemodynamic stability within
24 hours of administration of trial medication. Haemodynamic instability is based on clinical
judgement and assessed using clinical signs (low systolic blood pressure, tachycardia, reduced

urine output). The cause of PPH will be described.

Secondary outcomes:
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Maternal blood loss and its consequences:

e Postpartum blood loss (clinical estimation)
e Haemoglobin

e Haemodynamic instability

e Shock index

e Receipt of blood transfusion

e Use of interventions to control postpartum bleeding (medical and surgical)
Maternal health and wellbeing:

e Symptoms of anaemia (e.g. fatigue, headache, dizziness, palpitations, breathlessness)
e Exercise tolerance (short 6-minute walk test)

e Quality of Life (overall wellbeing, ability to care for herself and her baby, breastfeeding)
Other health outcomes:

e Vascular occlusive events (pulmonary embolism (PE), deep vein thrombosis (DVT),
stroke, myocardial infarction (Ml)).

e Organ dysfunction

e Sepsis

e Expected side effects (nausea, vomiting, diarrhoea, seizure)

e Adverse events

e Death (cause and time to death will be described)

e Length of hospital stay

e Admission to and time spent in higher level facility

e Status of baby/ies and any thromboembolic events
Definition of end of trial
The end of trial will be day 42 of the last participant randomised.
Statistics and data analysis

A detailed Statistical Analysis Plan will be drafted and agreed with the DMC for their ongoing

review and will be finalised before the trial database is locked for final analysis.
Main analysis

Analyses will be on an ‘intention-to-treat’ basis. Data will be analysed by randomised group,
irrespective of whether they received the intervention. Demographic and other baseline
characteristics will be tabulated. Descriptive statistics for continuous variables will include the

mean, standard deviation, median, range, and the number of observations. Categorical variables
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will be presented as numbers, and as percentages of those participants who had the assessment.
All statistics will be presented by treatment group. Effect measures will be relative risk and
absolute risk reduction. Precision will be quantified using 95% confidence intervals. Planned
subgroup analyses include analyses based on the severity of anaemia (moderate versus severe)
and type of labour (induced or augmented versus spontaneous). In a large trial such as WOMAN-
2, baseline characteristics of participants that may influence the outcome are expected to be
evenly distributed between the treatment and placebo groups, so that any difference in
outcome can be attributed to the intervention. However, it is still possible that a chance
imbalance in important prognostic factors could influence the results. To investigate this
possibility, an analysis of the effect of treatment that is adjusted for baseline risk will be
conducted. A prognostic model will be built based on pre-specified baseline variables and use it
to estimate the predicted risk of the outcome at baseline. Checks will be made to ensure that
there are sufficient patients in the severe anaemia subgroup by limiting recruitment to these
patients if necessary. For subgroups, relative risks and confidence intervals with two-sided p-
values will be reported. Test of homogeneity of effect across the subgroups will be done and a
p-value reported. Unless there is evidence against the null hypothesis of homogeneity of effects

the overall RR will be taken as the most reliable guide to the approximate RR in all subgroups.
Sponsor

The London School of Hygiene & Tropical Medicine (LSHTM) will act as the Sponsor for this trial.
Funding

Wellcome and the Bill & Melinda Gates Foundation are funding this study.

Discussion

The WOMAN-2 trial will provide reliable evidence for the effects of TXA for preventing
postpartum bleeding in women with anaemia. If the WOMAN-2 trial shows that TXA reduces
PPH in anaemic women, we would have identified a way of improving the wellbeing of

thousands of women world-wide.
Trial status

The protocol was approved by the London School of Hygiene & Tropical Medicine’s Ethics
Committee (ref: 15194). National ethics and regulatory approvals are in progress in three
countries. Patient recruitment is planned to start by January 2019. End of recruitment is planned
for January 2021 with end of follow-up in March 2021. Further information is available at

http://woman2.Ishtm.ac.uk/
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5.0 DISCUSSION, SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

This thesis comprises a series of studies critically analysing the evidence from randomised trials
for the effects of the antifibrinolytic drug, tranexamic acid (TXA) in patients with surgical

bleeding, traumatic bleeding, and for preventing postpartum haemorrhage.

In this final Chapter, | summarise the principal findings of these studies and consider their
implications for practice and future research. | will also reflect on the strengths and weaknesses

of the methods used in the thesis before drawing my overall conclusions.
5.1 EFFECTS OF TRANEXAMIC ACID FOR SURGICAL BLEEDING
5.1.1 Principal findings

Chapter 1 included Research Papers 1-3 in which | evaluated the evidence from randomised
trials for the effects of TXA in patients with surgical bleeding (Aim 1). On the basis of my results,
| drew four main conclusions: 1) that TXA reduces the risk of receiving a blood transfusion by
about one third; 2) that strong evidence that TXA reduces blood transfusion in surgery has been
available for many years; 3) that the effects of TXA on the risk of death and thromboembolic
events are uncertain; and 4) that trials continue to be conducted assessing the effect of TXA on

bleeding despite awareness of the evidence. | consider these in more detail below.

Evidence from randomised trials of the effect of TXA on blood transfusion and blood loss in
surgery

The pooled estimates from the meta-analyses were consistent with relative reductions in risk of
blood transfusion and blood loss of 38% and 34% respectively. However, many trials were
methodologically weak and fewer than half had adequate allocation concealment. When the
analyses were restricted to adequately concealed trials, the estimated relative risk reductions
were somewhat smaller; 32% and 30% respectively. They were also less precise albeit both
remained statistically significant. There were also concerns about selective reporting and only
two of the adequately concealed trials were prospectively registered and had pre-specified
receipt of blood transfusion as an outcome. The pooled estimate of the effect on blood
transfusion from these two trials was still consistent with a statistically significant relative risk
reduction of 21% although, as suggested by the results of the trial sequential analysis (Research
Paper 3), this may be a spurious result. Despite these shortcomings, due to the number of trials
and the magnitude of the effect that remained when restricted to adequately concealed trials, |
concluded that there was reliable evidence that TXA reduces bleeding in surgery. Furthermore,
based on the results of the cumulative meta-analysis presented in Research Paper 1, | also
concluded that the evidence that TXA reduces the risk of blood transfusion had been available

for many years.
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However, since | completed Research Papers 1-3, there have been two important developments
which oblige me to reconsider these conclusions. First, are the serious deficiencies in the quality
and integrity of the studies included in my systematic review of trials investigating TXA for
preventing postpartum haemorrhage (Research Paper 6), which raise the possibility that similar
deficiencies also affect the surgical trials. Whilst | did not have the same suspicions about the
surgical trials when extracting data, it would be remiss of me not to consider that the same
concerns could affect these trials at least to some extent. There seems no reason why such issues
would be confined to the PPH prevention trials, so there is now a further question mark over

the reliability of the trials in surgery.

The second development is the publication of the results of the ATACAS trial, a large, high quality
trial of the effects of TXA in over 4000 cardiac surgery patients, in January 2017.' The ATACAS
trial assessed the effects of TXA in patients undergoing coronary-artery surgery who were at risk
of perioperative complications.! The trial was at low risk of bias (adequately concealed, double-
blind, prospectively registered) and provided outcome data for 4631 patients (2311 in the TXA
group and 2320 in the placebo group). Fewer patients in the TXA group received a blood
transfusion than in the placebo group (37.9% vs. 54.7%; RR=0.69, 95% Cl 0.65 to 0.74). To
understand how these results contribute to the wider evidence from surgery trials, | have
repeated the meta-analyses conducted for the systematic review to include data from the
ATACAS trial. Table 5.1 (below) shows the results of the meta-analysis of the risk of receiving a

blood transfusion, before and after the inclusion of data from the ATACAS trial.

Table 5.1 Meta-analysis of effect of TXA on receipt blood transfusion reported in Chapter 2 with
and without the addition of data from the ATACAS trial.

Pooled RR without ATACAS Pooled RR with ATACAS

Blood transfusion

All trials 0.62 (0.58 to 0.65); p<0.001 0.65 (0.62 to 0.68); p<0.001

Adequately concealed trials 0.68 (0.62 to 0.74); p<0.001 0.69 (0.65 to 0.73); p<0.001

Prospectively registered,
blood transfusion pre- 0.79 (0.71 to 0.87); p<0.001 0.71 (0.67 to 0.75); p<0.001
specified

The magnitude of the effect after the inclusion of the ATACAS trial data is smaller although more
precise. When data from the ATACAS trial are included in the pooled analysis based on
adequately concealed trials, which were also prospectively registered and prespecified receipt
of blood transfusion as an outcome, the pooled estimate is consistent with a 29% relative risk

reduction. Although the required information size (n=10,888) is still not achieved, the results of
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the updated trial sequential analysis show that the z-curve crosses the monitoring boundary
after the addition of the ATACAS trial (Figure 5.1), thus | can be more confident that this is a

reliable effect estimate.

Figure 5.1 Results of trial sequential analyses for trials at low risk of bias trials with transfusion
pre-specified on prospective registration record, reported in Research Paper 3, updated to

include data from the ATACAS trial.

Cumulative z-score

0 5000 10888

Sample size

In summary, due to further concerns about the quality of trials arising out of the systematic
review of TXA trials for preventing PPH, my original conclusions regarding the reliability of the
evidence for the effect on surgical bleeding were arguably too strong. Moreover, my statement
that reliable evidence had existed for many years was incorrect. Rather it is only since the
publication of the ATACAS trial in 2017 that reliable evidence has been available. Furthermore,
the magnitude of the effect on blood transfusion (RR=0.62) estimated by the pooled analysis of

all trials was inflated and a smaller effect (RR=0.71) seems likely to be closer to the true effect.

Evidence from randomised trials of the effect of TXA on risk of death and thromboembolic
events in surgery

My third conclusion was that the effect of TXA on death and thromboembolic events in surgical
patients is uncertain. Although there is no evidence that TXA increases the risk of death or
thrombosis (indeed the effect estimates are consistent with a reduced risk), the estimates are
imprecise. Whilst most trials reported data on bleeding or blood transfusion, data on mortality
and thromboembolic events were only available for about half (even after contact with the
original investigators) raising concerns about the potential for selective reporting bias. This,

coupled with the concerns about the quality of trials arising from the PPH prevention systematic
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review, further exacerbate these uncertainties. However, once again the ATACAS trial has since

made a useful contribution to the evidence (Table 5.2).

Table 5.2 Meta-analysis of effect of TXA on risk of death and myocardial infarction conducted in

Research Paper 1 before and after the addition of data from the ATACAS trial.

Pooled RR without ATACAS Pooled RR with ATACAS

Death
All trials 0.61 (0.38 to 0.98); p=0.04 0.69 (0.49 to 0.97); p=0.04
Adequately concealed trials 0.67 (0.33 to 1.34); p=0.25 0.75 (0.50 to 1.13); p=0.16

Myocardial infarction

All trials 0.68 (0.43 to 1.09); p=0.11 0.87 (0.76 to 1.01); p=0.07

Adequately concealed trials 0.70 (0.39 to 1.25); p=0.22 0.88 (0.76 to 1.03); p=0.11

The ATACAS trial data support a reduction in the risk of death although the magnitude of the
effect is reduced when the data are added to the pooled analysis. The effect is no longer
statistically significant at the 5% level, when restricted to adequately concealed trials and
therefore remains open to question. Due to the relative rarity of events, the pooled effect
estimate for myocardial infarction is uncertain even after the addition of the ATACAS trial data,
although the lack of evidence for an increased risk from ATACAS provides some reassurance that
TXA is safe. However, a high quality randomised trial, powered to detect the effect of TXA on

death and thromboembolic events is still needed to resolve these uncertainties.

The continuation of trials assessing the effects of TXA on bleeding outcomes in surgery

My forth conclusion was that trials assessing the effect on bleeding in surgery continue to be
conducted despite investigators being aware of existing evidence for effectiveness. This is
contrary to a widely held view that the failure to systematically review the evidence prior to
starting a trial is the main cause of research waste. Instead, much of the continuation of trial
activity appears to be as a result of inappropriate trial design and the reluctance to generalise

the existing evidence across surgery types.

Inappropriate study design typically described trials in which the investigators cited existing
evidence for the effectiveness of TXA and sought to assess different dose regimens of TXA, yet
alsoincluded a placebo group. A key justification for the use of a placebo in a clinical trial is that
no proven intervention exists.? If the investigators truly believe that there is evidence that TXA
is effective for reducing bleeding, the decision to include a placebo group is ethically

inappropriate.
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Another main motivation for embarking on new a trial was to ascertain if TXA was also effective
in patients undergoing types of surgery yet to be investigated by the existing trials. The result
has been the expansion in the number of trials into increasingly specific subtypes of surgery.
Investigators appear to be unwilling to generalise results from one form of surgery (e.g. cardiac)
to another (e.g. orthopaedic) or even to generalise within surgical areas (e.g. from hip to knee
arthroplasty). It is of course appropriate that careful consideration is given before generalising
trial results from one setting to another. However, it could be that investigators are confusing
scientific and statistical inference.® This argument by Kenneth J Rothman, suggests that rather
than seeking to replicate results in every subgroup of surgery, it is necessary to consider what is
known about the mechanism of action of TXA and asking whether there is good reason to think
that it would work differently between surgical types. Such scientific reasoning appeared to be
absent when investigators outlined their rationale for initiating a new trial of TXA. One such
example is the trial by MacGillivray et al which assessed the effect of TXA on bleeding in 60
patients undergoing bilateral total knee arthroplasty.* When describing the trial rationale in the
final report, the authors cited the evidence from two meta-analyses of trials in patients
undergoing total knee replacement, that TXA “appears safe and effective in reducing allogeneic
blood transfusion and blood loss”. However, because the effect had not been assessed in
patients undergoing concurrent, bilateral total knee replacement (a procedure typically
associated with greater blood loss) MacGillivray et al embarked on a new trial in which 40
patients received TXA and 20 participants were randomised to receive placebo. The authors
offer no biological reasoning why TXA might have a different effect in bilateral knee
replacement. They note the greater blood loss associated with bilateral knee replacement,
which is likely to mean that the absolute effect of TXA differs, but in most cases the relative
effects of a treatment are consistent across different baseline risks.> The unwillingness of
MacaGillivray et al to generalise the evidence from the previous trials in knee arthroplasty meant
that one third of their trial participants, who were undergoing a procedure known to be
associated with greater blood loss than others, were denied treatment that the trial

investigators themselves described as being effective for reducing bleeding.
5.1.2 Strengths and weaknesses

The Discussion sections of each Research Paper that make up this thesis, include consideration
of the strengths and weaknesses of each paper. | will not repeat these here, but | will reflect on

some further points.

The systematic review described in Research Papers 1 and 2 is not the first to assess the evidence
of TXA in surgery patients, although | am only aware of one other review with broad inclusion
criteria to include trials irrespective of surgery type. This is the Cochrane systematic review by
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Henry et al, first published in 1999° and most recently updated with new trials in 20117 which
assesses the effects of antifibrinolytic drugs in adult patients undergoing elective surgery. Unlike
the review by Henry et al, | included trials involving paediatric and emergency surgery and
focussed only on trials of TXA. | also identified and included a larger number of trials (129 versus
60). My review is also the first to estimate the proportional effect of TXA on blood loss and to
conduct a meta-regression to explore the effect of total dose, using data from trials conducted
across a range of surgery types. Furthermore, | am not aware of any other review that has
undertaken detailed investigation into the evidence of effect of TXA on blood transfusion by

conducting trial sequential analyses or cumulative meta-analyses.

The systematic review of randomised trials assessing the effects of TXA in surgery is a
comprehensive review conducted in adherence to recommended methodology. Thus, at the
time of its completion, it provided the most rigorous examination of the randomised trials and
was deemed to be of sufficiently high quality to inform clinical practice. Indeed, the results have
been used in the preparation of clinical guidelines, such as those prepared by NICE, and the Task
Force on Patient Blood Management for Adult Cardiac Surgery of the European Association for
Cardio-Thoracic Surgery and the European Association of Cardiothoracic Anaesthesiology, both

of which recommend the use of TXA in surgery.®®

However, as is typical of systematic reviews based on aggregate data, my systematic review is
largely based on information as presented by the investigators in the original trial reports.
Although | contacted authors to obtain additional outcome data, | did not seek individual patient
data or additional information to ensure that the information presented was accurate. Nor did
| undertake additional analyses to assess the integrity of the data such as a meta-analysis of
baseline information to assess the adequacy of randomisation. | cannot therefore be confident
that the trials included in the meta-analysis were conducted as reported or indeed, if they were
conducted at all. Although | cannot predict how this may have affected the results of the review,
the publication of the ATACAS trial does provide reassurance that TXA does reduce bleeding in

surgery.
5.1.3 Implications for future research

The publication of the ATACAS trial confirms the findings of my systematic review that TXA
reduces bleeding in surgery although the magnitude of the effect may be somewhat smaller
than estimated in my meta-analysis. It is, however, a relatively large treatment effect that is

clinically relevant.
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Without sound, biological reasoning why the effect would vary between different types of
surgical patients, it is difficult to see how further trials of TXA designed to assess the effect on

bleeding or blood transfusion in surgery can be justified.

Although clinically important questions may remain regarding optimal dose and timing of TXA
that necessitate further trials, such questions do not require the inclusion of an inactive
comparison group and it is difficult to see how such trials can be ethically justified. However,
uncertainties regarding the effects of TXA on other outcomes in surgical patients remain.
Indeed, it seems likely that concerns regarding a possible increase in thrombotic risk will
somewhat limit the uptake of TXA into clinical practice, since an increase in thrombosis could
outweigh the benefits of reduced blood use. In the Discussion section of Research Paper 1, |
suggested that to resolve the uncertainties over the effect on death and thromboembolic events
there is a “need for a large pragmatic clinical trial of the effect of the routine administration of
TXA in a heterogeneous group of surgical patients”. Since this was published, a team of
researchers based at the Population Health Research Institute in Canada have initiated a new
trial of TXA (the POISE-3 trial) in 10,000 non-cardiac surgical patients to ascertain its effect on

thromboembolic events.?® The trial is expected to be completed by December 2022.
5.2 EFFECTS OF TRANEXAMIC ACID FOR TRAUMATIC BLEEDING
5.2.1 Principal findings

Chapter 2 included Research Papers 4 and 5 in which | evaluated the evidence from randomised
trials for the effects of TXA in patients with traumatic bleeding (Aim 2). On the basis of my
results, | drew four main conclusions: 1) that TXA reduces the risk of death to bleeding; 2) that
the relative effect is largest when TXA is administrated within three hours of injury; 3) that there
is no apparent increase in risk of thromboembolic events; and 4) that over 100,000 bleeding
trauma deaths could be averted every year if all patients were given TXA within three hours of

injury.
Effect of TXA in patients with traumatic bleeding

There is a marked difference in the nature of the evidence from randomised trials for the effects
of TXA in traumatic bleeding compared with that for surgery. Instead of over one hundred small,
generally poor quality trials conducted over decades as found for surgery, there are just two
trials in trauma and the bulk of the evidence originates from one of these, the CRASH-2 trial. The
CRASH-2 trial was a high quality trial involving a heterogeneous group of 20,211 adult trauma
patients recruited from 274 hospitals in 40 countries. It provides reliable evidence that is not
subject to the quality concerns affecting the surgery trials. The results suggest that TXA reduces
the risk of death due to bleeding by 15% (RR=0.85; 95% Cl 0.76 to 0.96). There is also evidence
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for an important time to treatment interaction. Although not pre-specified in the systematic
review, a pre-specified subgroup analysis of the trial data showed that early treatment (within
three hours) was most effective. There was no apparent increase in the risk of thromboembolic
events which is reassuring, although due to the relative rarity of events (<2%) the effect
estimates are imprecise and neither an increase nor decrease in risk can be discounted.
Nevertheless, the evidence for the effect on death due to bleeding is strong and as a result TXA
has been implemented into trauma protocols worldwide and is now listed on the WHO List of

Essential Medicines.!!
Potential number of deaths averted

Applying the relative effect of TXA on death due to bleeding in trauma patients, to the data on
the number of trauma death worldwide provides an indication of the enormous health impact
that the routine use of TXA could have. Using data from the WHO and the literature, | estimated
that worldwide about 400,000 trauma patients die in hospital from bleeding every year.
Although subject to wide uncertainty intervals, the estimates in Research Paper 5 are consistent
with up to 100,000 deaths potentially averted every year, by the routine, early use of TXA. Most
of these potentially averted deaths are found in LMICs. These estimates have been useful for
supporting the efforts to disseminate the results of the CRASH-2 trial, such as the Trauma

Promise initiative.
5.2.2 Strengths and limitations

As described in the Discussion section of Research Paper 5, the estimates of the number of
deaths that could potentially be averted with TXA were based on a simple mathematical model,
subject to several assumptions and were limited by a lack of data on the epidemiology of trauma
deaths. Another limitation was that the information used to estimate the model parameters
primarily originated from high income countries. There is therefore a question regarding the
extent to which these apply to the situation in low income countries. Indeed, it is quite likely
that the proportion of trauma deaths in hospital would be lower in low income countries where

a lack of pre-hospital care may mean that fewer people survive to reach hospital.

5.2.3 Implications for research

The CRASH-2 trial provides reliable evidence for the effects of TXA in trauma patients, there is
therefore no need for further trials. Efforts instead should be focussed on the dissemination of

the evidence and implementation of early TXA use into trauma protocols worldwide.

There are uncertainties regarding its effects in isolated traumatic brain injury and these are

currently being investigated by the ongoing CRASH-3 trial.!*> Another important research
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opportunity is exploring ways to facilitate the pre-hospital use of TXA. As suggested by the
estimates used to calculate the number of deaths that could be averted in Research Paper 5,
most trauma deaths (approximately 60%) occur before arrival at hospital. Research into
alternative routes of administering TXA that are amenable to use outside of hospital, such as

intramuscular administration, would therefore be a worthwhile area for future research.
53 EFFECTS OF TRANEXAMIC ACID FOR PREVENTING POSTPARTUM HAEMORRHAGE
5.3.1 Principal findings

Chapter 3 focussed on assessing the evidence from randomised trials for the effects of TXA for
preventing postpartum haemorrhage (Aim 3). Research Paper 6 described a systematic review
including 26 trials involving 4191 women. There were serious deficiencies in the quality and
integrity of the trials that meant that no reliable inferences on the effects of TXA for this
indication could be made. Research Paper 7 presented the protocol for a new trial (WOMAN-2),
which by randomising 10,000 women with moderate or severe anaemia after they have given
birth vaginally, will address the existing uncertainties and provide reliable evidence for the

effects of TXA in this patient group.
There is no reliable evidence for the effects of TXA for preventing PPH

Despite identifying 26 randomised trials involving a total of 4191 women, | concluded that there
was no reliable evidence for the effects of TXA due to serious concerns about the quality and
integrity of the trials. A crucial aspect of a systematic review is thorough assessment of
methodological quality of the included trials, with Cochrane’s risk of bias tool being a preferred
approach. However, there were concerns and deficiencies affecting the included trials that were
not captured by this assessment. The near identical sections of text shared by a number of the
reports, alongside errors and inconsistencies, forced me to question the reported data and
indeed, to question whether the trials were carried out as reported at all. Obtaining additional
information from authors did not reassure me, rather it raised further concerns. The meta-
analysis of baseline variables supported my concerns that these trials were unreliable by

suggesting that the randomisation process may have been subverted.
The WOMAN-2 trial

The trials assessing the effect of TXA on preventing postpartum haemorrhage included in the
systematic review described in Research Paper 6, provide no reliable evidence. However, the
subsequently published TRAAP* and WOMAN? trials, coupled with the wider evidence from
surgery and trauma, give reason to hope that it could be effective for reducing postpartum

bleeding. The WOMAN-2 trial outlined in Research Paper 7, should provide a definitive answer
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to the question of the effect of TXA on postpartum bleeding and wellbeing in women with

anaemia.
5.3.2 Strengths and limitations

My systematic review is the first to highlight the wider deficiencies affecting trials assessing the
effect of TXA for preventing PPH. The investigations | undertook to explore these concerns were
not pre-specified but were initiated in response to issues observed during data extraction. Nor
were the investigations based on a recommended approach. However, in the absence of

guidelines, | believe that my approach was preferable to ignoring the concerns.

The planned WOMANS-2 trial is a large, multicentre, randomised trial that is designed to minimise
bias (prospectively registered, adequately concealed, double-blind). It has been designed by a
multidisciplinary team that has a proven track record in the delivery of large clinical trials of TXA,
having previously co-ordinated the CRASH-2® and WOMAN? trials. The planned sample size of
10,000 women provides over 90% power to detect a 25% reduction from 10% to 7.5% in PPH.
The large sample size also allows for reliable assessment of the effects of other patient-centred

outcomes such as those pertaining to maternal wellbeing.
5.3.3 Implications for research

A key implication for research is being addressed by the WOMAN-2 trial, which will provide
reliable evidence for the effects of TXA on postpartum bleeding and wellbeing in women with
anaemia. Patient recruitment is expected to start by January 2019 and the trial will be completed

by January 2022.

The results of the systematic review of trials has implications for the conduct of systematic
reviews more generally. Many of the weaknesses of the trials such as near-identical texts of
published reports, lack of ethics committee approval, apparent subversion of the randomisation
process, alongside errors and inconsistencies in the results data, go beyond the standard checks
and assessment of methodological quality typically used by systematic reviewers. This raises a
fundamental question of the extent to which we can take the information presented in trial
reports on trust. Most systematic reviews are based on aggregate data extracted from trial
reports, with contact (if any) with the original trial investigators largely limited to seeking
clarification of methods or obtaining unreported data. Rarely do systematic reviewers request
basic information about the conduct of the trial such as proof of ethics approval or
randomisation dates. However, the results of the systematic review described in Research Paper
6, highlight the potential problem with such an approach and the need for thorough
investigations into the basic integrity of the data. There are previous examples of trials being

included in systematic reviews and informing conclusions about intervention effectiveness, only
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to be found at a later date to be fraudalent.!”- ! As mentioned previously, there is no guidance
for systematic reviewers on how to identify research misconduct or how to manage it when
suspected. Given the influence that results of systematic reviews can have on clinical practice
and policy, | believe that research to inform guidance that systematic reviewers can use to

identify and manage research misconduct is urgently required.
54 IMPLICATIONS FOR MY RESEARCH INTO THE EFFECTS OF TRANEXAMIC ACID

| intend to continue participating in research to reliably assess the effects of TXA. In my role
within the LSHTM CTU, | will be part of the team working over the next four years to ensure the

successful completion of the WOMAN-2 trial.

Another project | plan to take forward is the establishment of the Antifibrinolytics Trialists
Collaboration. As described in earlier sections, there are some unanswered questions regarding
the effects of TXA, such as the effect on thromboembolic events. There are also other questions
such as effects of TXA by time to treatment and by baseline risk. These cannot be answered
reliably by the existing trials, either individually or by combining their aggregate data. However,
such questions could be answered by individual patient data (IPD) meta-analyses. Systematic
reviews and meta-analyses of IPD are the ‘gold standard’ for systematic reviews.!® IPD
systematic reviews can reduce the problem of selective reporting, which would reduce bias and
increase statistical power. The increased statistical power also facilitates more reliable subgroup
analyses. They also allow a detailed check of the primary data, which in light of the concerns
raised by my systematic review of PPH prevention trials (Research Paper 6), may be crucial. In
the context of the safety and effectiveness of TXA, an IPD systematic review can overcome
several of the limitations of reviews based solely on aggregate patient data. This is an
opportunity for future research that | am taking forward. On the 10-11%" June 2018, | hosted the
first meeting of the Antifibrinolytics Trialists Collaboration, supported by the LSHTM CTU.
Investigators of completed and ongoing trials of TXA from all over the world, attended and
agreed participate in an IPD meta-analysis to resolve the remaining uncertainties. Together
these trials could provide data on over 100,000 bleeding patients and the results could provide

the most reliable evidence for the effects of TXA.
5.5 CONCLUSIONS

Most of the randomised trials assessing the effects of TXA for surgical bleeding and for
preventing PPH are small and poor quality. Although together they provide promising evidence
that TXA reduces bleeding, large, well-conducted trials at low risk of bias are required to
determine reliably the effects of TXA. Two additional trials of TXA in surgery, the recently

completed ATACAS trial in coronary-artery surgery and the ongoing POISE-3 trial in non-cardiac
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surgery, in addition to the ongoing WOMAN-2 trial of TXA for preventing PPH, should contribute

importantly to resolving the uncertainties about the effects of TXA in these indications.

The evidence for the effects of TXA for traumatic bleeding originates from the CRASH-2 trial, a
large, high quality trial in 20,000 bleeding trauma patients. It provides reliable evidence that TXA
given soon after injury reduces the risk of death due to bleeding by about one third. The
implication of this is that TXA has the potential to prevent thousands of trauma deaths

worldwide.

There is remaining uncertainty regarding the effect of TXA on risk of thromboembolic events.
There are also questions regarding the effects of TXA by time to treatment and baseline risk. An
IPD meta-analysis could answer some of the questions about the effects of TXA that cannot be

answered by systematic reviews and meta-analyses based on aggregate data.
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trials and 1oealling 10488 patcos were inchuded; 5484 of these
patients were allocated to tranexamde acid and 5004 1o 8 comtrol
group (fig 10 The median sample size was 60 (range 10-660)
patients. In total, 126 (98%) trials were in elective surgery and
three (2% in emergency susgery. Eleven (8% ) trials involved
children,

Thi authoes of 86 tials wese contacted for missing data, 39 of
whioamn prowided additional information, Des were available on
blood mansfusion from 95 (749%) mials, on myocardis] infanction
from 73 (56% ), on stroke from 71 (55% ), on deep veln
thrombosis from 72 (56%), on palmonary embolism from 66

(519}, and on mortality from 72 (5690 Seven (3%) mals did
not present any data on the cascome measares of interest to this
review or reported data in a formar that was unsoitable for
inclusion in the analyses.

A fusther 14 oppoing trials were dentified, ™" with 4 medizi
planmed sample size of 130 patiens. The 14 mials were in
orthopacdic (n=3), cardiac (n=4}, cranial (n=2), hepatic (n=1},
eaf, poae, and throat (n=1), and gynsscological (n=1) surgery.
T 12 of the 14 trials blood transfusion was & main outcome
TGRSR,

Risk of bias

Owegall, 44 {34% ) mmals were judged to be at Tow risk of bias
for sequence generation and five (4%) to be st high sk {sce
the supplementary file for the risk of bias judgments for each
mcthadilogical quality item for the incheded trials). The risk of
hias in the remaining 30 (62%) rials was unclear owing o Lack
of infoemation. Allocation was adequately concealed in 36 trials
(28% ) and inadequately concealed i sax (3% ), with the other
K7 i67% ) presenting insufficient information o allow judgment.
Of the 95 wriaks with dasts on blood transfosion, 69 (T3% ) wene
jadzed st low risk of blinding, four (4% ) ar kigh risk, and 22
{235 ) were unclear, The rsk of bias for blinding was similar
for thromboembolic outcomes {myocardial infarction, siroke.
deep vein thrombosis, and palmonary embolizm ), with about
TO% judged o be at low risk, 5% at high risk, and 25% at
unchear risk. All T2 trials with merality outcones were judged
1y et Jov risk of bias for blinding. OF 115 trials reporting
eligible outeorme data. 72 (63% ) were st low risk of bias fo
incomplete oatcome daka. 17 (15%) af high risk, and 26 {23%)
did not describe adequate infirmation to permuit judgment.

Quantitative data synthesis

Tahle 1] presents the resulis of the met-anal ysis,

Risk of blood fransfusion

Dtz o blood trrarsfusion were available for 95 wials, including
a togal of 7838 patients. Tranexamic acid reduced the probability
of peceivang 8 bood ransfusion by 385 (pooled risk rago (L62,
95% confidence interval 058 o O065: P<uD01 ). When the
amalyeis was restricted o the 32 adequately concealed wisks
imvolving 3808 paticnts, ranexamic acid reduced the rgk of
receiving a hlood transfusion by 32% (068, 062 10 (L74;
P00 . When the analysis was restrcted to the 69 wials
imvolving 3968 patients with adeguate blinding for this cotcome,
tranexamic ackd reduced the sk of blood mansfusion by 37%
(0,63, 0259 w (LG8, P=0.001).

The trials with blood transfushon data nvolved cardiac (n=42),
orthopacdic (n=36). cranial and orthognathic (n=T),
eynaccological (n=>5), hepatic {n=2), urobogical (v=2), and
vascular (n=1) swrgery. Blood transfusion was staristcally
significantly reduced in cardiac, oriwopacdic, cramizl and
prthognathic, hepatic, and urological surgery {tablie 2 ). The
ponled cstimates for blood ransfusion wene consistent with a
redoction i the tranexamic acid group among triaks in vasculae
and gynaocobogical surgery. although the results were imprecise.
There was moderabe heterogeneity in magndmode of the effects
af rancxamic ackd by type of sargery, although the direction of
the effects was largely consistent.

Thromboembolic events

There was uncertainty showt the effect of ranexamic acid on
myocardial infarction {risk ratio (LG8, 95% conflidence interval

|N.pmm-n=-| ik Sam HghL S repeimin Wes Svew trrt] cormdmt

S FR{ et b crTr i |
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043 w0 1089 P 1), stroke (114, 0.65 w 2.00; P=0.65), decp
vein thrombosis (0.86; (.53 o 1.39; P=0.34), and pulmonary
embolism (0.61,0.25 to | 47 P=0.27). The results were similar
when the analyses were restricted o triaks with adequate
allocation concealment and those with blinded owioome
AEAEERMETL

Mortality

PFewer deaths occurmed in the ranexamic scid group (risk rato
(61, 95% confidence imterval 038 w 0.98; P=(L04 ), although
there was uncertainty about this effect, particalarly when the
aralysis was restricted o the 28 trials with adeqaate concealment
{067, 0L33 to 1.34; P=0.25).

Cumulative meta-analyses

The supplementary file shows the resuls of the comularive
micta-analysis of the 95 trials with data on blood ransfusion. A
statistically significant effect of rancxamic acid on blood
tramsfusion was first observed aficr publication of the third rial
in 1993 (059, 0.43 1o 080 P00 L Althowgh sabseqoent
trials have increased the precision of the point cstimate, po
substantive change has occwrred in the divection of magnimde
of the restment effect

Figures 2-4 1115 shows the comalative meta-analyses of te
cffict of ranexamic acid on blood ransfusion, myocandial
infarction, and monality among the rials with adequoate
allocation concealment. A statistically significant effoct of
rameambc acid on blood transfusion was consistently observed
sfter publication of te 10th trial in 2001,

Small study effects

Tnspeection of the funnel plogifig 510) for the oatcome blood
rransfugion suggested the presence of small study effects
favouring tranexamic acid. The other oulcomes showed mo clear
asymmetsy in the funncel ploos.

Citation of previous systematic reviews

Berween | 994 and 201 1, 30 systematic reviews have been
pablished on the effeces of wanexamic acid in surgery,® ™ *%
Assuming a 12 moath publication nme lag, 98 of the 116 (84%)
included trial reports published as full journal articles were
published when at least one systematic review was available,
Examimanion of the reference lists of these reports indicated that
45 {46% ) did not cite any of the available systematic reviews
The authoss of two of the 116 trial reporns had carried outa
swsmmitic review and presented the findings within the final
trial pablication.

Discussion

Reliable cvidence that trancxamic acld reduces blood trensfosion
in srgical patients has been available for many vears. The
wrestment cffect varies somew hat according oo the tepe of
surgery, but the effect is consistently large and remains so when
the analysis is restricted to trials with adeguate allocation
concealment. The effect of ranexamic acad on tromboembsolic
events and montality has not been adequately assessed by clinical
trials in surgesy and remains anoerain. In view of the evidence,
thise planning forther placeho controlled trials should cxplain
why they think thai ranexamic acid might not reduoce the risk
of blood transfusion in the panticular group of surgical paticuis
under consideration and focos their efforts on reselving the
uncertainties about the effect of wanexamic acid on
thromboembalic events and morality.

Strengths and weaknesses of the review

The inferences that can be made from the included rials depend
on their gquality, and many had methodological Bmitatkons.
However, the large and statistically significant effect on blood
transfusion remained when the analysis was resiricted o riaks
with adequate allocation concealment and with adequate
blinding.

We systematically sexrched a range of dstabases for published
and onpablished trials. However, we cannod exclude the
peosaibility that some were missed. Indeed, the obsereed
agymmetry in the funse] plot could be explained by poblication
Iizs. If many anpublished trhizls show linde or no effect of
ranesantic scid on hlood ransfosion, then this mets-analysis
may have overesgimated the meatment effect. Although some
degree of overestimation is likely, it seems improbahle tha
publication bias could account fior afl of the observed effect.
Althoogh mosality and thromboembolic cutcomes showed no
obviogs asymmetry in the funnel plots, publicanon and other
reporiing biases reveain & potential threat 1o the validity of the
effect estimates. Mortality data wese reported in only a third of
the incloded tals, and bess than half reported data on myvocardial
infarction, stroke, deep vein thrombosks, and palmonary
embolizm. Inadequaie reporting of adverse events is not unusual
in teponts of clinical triald and hinders the relishle estimation
of rearment effects.”™ '™ After contacting the wial suthoss we
obtained some missing dam and were ahle o inclode momalicg
data for three goarters of the included trials and data on
myocardial infasetion, stoke, deep vein thrombosis, and
pulmonary embolism fior about half of the trials. However, the
effect of outcome reporting bias in this review remaans open o
question. Even if there was no significant biss, the precision of
the cstimates is low and the data are comgpatible with cither a
moderate increase of 4 moderaste decrease in the sk of
thromboembaolic evemts.

Implications of the findings

The evidence in this review seggests teat the uncerainty shout
the effect of ranexamic acid on blood transfusion in surgical
paticnts was resolved over & decade ago; however, uncerainties
about its effect on thromboembolic events and mortolity persisz.
Deespite this, trials of mancxamic acid continue to assess the
effect on blood ransfusion. One reason may be o reloctance to
pencralise the evidence actoss surgery tvpes, although there ie
no evidence that the relative effect of wanexamic scid on bloed
transfusion varies by type of surgery. A second reason may be
thiat triabisms are unawase of the ¢xisting evidence when inltating
anew trial, Our obeervation that only half of the wials cited one
or more of the available sysiematic reviews and just two camed
ot thels own systematic review, does sugoest thar many tralists
are indeed Tailing to adequately consider the existing evidence.
Blood is a scarce and costly resoarce and blood transfusion is
not without risk. The cost of a unit of red cells to the National
Health Service has increased from £78 (€96 3126) in 2000 w0
£125in 2001, and blood transfesion has several rane bot serioos
adverse effects. Worldwide, most people do not bave access o
safie blood. Globally the most impontant transfaskon related ks
are HIV, hepatitis B virus, and hepatitis C virus, doc o their
high prevalence, That tranexamic acid safely reduces the need
for blaod wansfusion in sargery has impostant health and
econcenke implications in high, middle, and low ncome
countries, The evidence that ranexamic acid redwces the need
for blood trunsfusion is strong but the safery of routine use of
tranexamic acid in surgical patients remains uncertain. A modest
increase in the risk of thromboembolic effects could corweigh
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thie benefits of reduced blood use, Although some increased risk
might be expected om theoretical grounds, recent evidence from
the CRASH-2 (Clinical Randomisation of an Antifibrinolytic
in Significant Hacmosshage ) trial of tranexamic acid in bleeding
mrawma patients showed a statistically significant redecton in
muortelity with no increase in thromboembaolic offects. Indeed,
these was a smatistically significant redoction in the risk of
myocardial infarction in rooma patients who received
rranexamic acid.™

PFurther sesall trials of ranexamic acid in surgical patents
considered in isolaton will not reselve the uncermainties aboot
thi effects on thromboembolic events and mormality, Becaose
thromboembolic evenrs are relatively rame, such mals lack
statistical power o detect clinically impostant increases in rigk,
and a mew-analysis of small trials remains vuloesable o
pablication ies. The ongoing Aspirin and Tranexamic Acid
for Coronary Arery Surgery trial'™ with o planned sample size
of 4300 high rizk patients undergoing ooronary Gnery sSurgery,
shoubd contribute imsertantly to resolving tie uncertainty aboot
the effect of tranexamic acid on mortality and thromboembolic
events in this specific groap. We urge investigaiors involved in
all ongoing trials of rancxamic scd in sergery o collect data
on theomboembolic everts and mosality for inchsion ina
prospective mets-analysis until the oncermuinties are resolved,
However, a need remaing for a karge pragmatic clindcal mal of
the effect of routing use of tranexamic acid in a heterogencous
gronp of surgical paticnts. The possibility that tranexamic acid
might reduce mortality withoot any increase in the risk of
thromboembalic events woald justify the effort and expeadinene
imvobed.
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Fig 2 Cumulative meta-analysis of the effect of tranexamic acid in surgery on risk of blood transfusion in adequately
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Appendix E. Research Paper 1: PRISMA Checklist

Section/topic

TITLE

# Checklist item

Reported on page™

Title

Identify the report as a systematic review, meta-analysis, or both.

ABSTRACT

Structured summary

Provide a structured summary including, as applicable: background; objectives; data sources;
study eligibility criteria, participants, and interventions; study appraisal and synthesis methods;

results; limitations; conclusions and implications of key findings; systematic review registration 2-3
number.

INTRODUCTION

Rationale Describe the rationale for the review in the context of what is already known. 4

Objectives Provide an explicit statement of questions being addressed with reference to participants, 4
interventions, comparisons, outcomes, and study design (PICOS).

METHODS

Protocol and registration Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if 4
available, provide registration information including registration number.

Eligibility criteria Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., 4
years considered, language, publication status) used as criteria for eligibility, giving rationale.

Information sources Describe all information sources (e.g., databases with dates of coverage, contact with study 4

authors to identify additional studies) in the search and date last searched.

Search

Present full electronic search strategy for at least one database, including any limits used, such
that it could be repeated.

web appendix 2

Study selection

State the process for selecting studies (i.e., screening, eligibility, included in systematic review,
and, if applicable, included in the meta-analysis).

*Corresponds to page numbers within the manuscript submitted to the journal
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Data collection process

10

Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate)

and any processes for obtaining and confirming data from investigators. 5
Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any 4.5
assumptions and simplifications made. )
Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of
studies whether this was done at the study or outcome level), and how this information is to be used in 5
any data synthesis.
Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). 5
Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including 5

measures of consistency (e.g., 1% for each meta-analysis.
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Appendix F. Research Paper 1: MEDLINE (Ovid) search strategy, 1950 to September 2011

1. exp Antifibrinolytic Agents/

2. (anti-fibrinolytic* or antifibrinolytic* or antifibrinolysin* or anti-fibrinolysin* or antiplasmin* or

antiplasmin® or ((plasmin or fibrinolysis) adj3 inhibitor*)).ab,ti.

exp Aprotinin/

4. (Aprotinin* or kallikrein-trypsin inactivator® or bovine kunitz pancreatic trypsin inhibitor* or
bovine pancreatic trypsin inhibitor* or basic pancreatic trypsin inhibitor* or BPTI or contrykal or
kontrykal or kontrikal or contrical or dilmintal or iniprol or zymofren or traskolan or antilysin or
pulmin or amicar or caprocid or epsamon or epsikapron or antilysin or iniprol or kontrikal or
kontrykal or pulmin* or Trasylol or Antilysin Spofa or rp?9921 or antagosan or antilysin or
antilysine or apronitin* or apronitrine or bayer a?128 or bovine pancreatic secretory trypsin
inhibitor* or contrycal or frey inhibitor* or gordox or kallikrein trypsin inhibitor* or kazal type
trypsin inhibitor* or (Kunitz adj3 inhibitor*) or midran or (pancrea* adj2 antitrypsin) or
(pancrea* adj2 trypsin inhibitor*) or riker?52g or rp?9921or tracylol or trascolan or trasilol or
traskolan or trazylol or zymofren or zymophren).ab,ti.

5. exp Tranexamic Acid/

6. (tranexamic or Cyclohexanecarboxylic Acid* or Methylamine* or amcha or trans-4-
aminomethylcyclohexanecarboxylic acid* or t-amcha or amca or kabi 2161 or transamin* or
exacyl or amchafibrin or anvitoff or spotof or cyklokapron or ugurol oramino
methylcyclohexane carboxylate or aminomethylcyclohexanecarbonic acid or
aminomethylcyclohexanecarboxylic acid or AMCHA or amchafibrin or amikapron or
aminomethyl cyclohexane carboxylic acid or aminomethyl cyclohexanecarboxylic acid or
aminomethylcyclohexane carbonic acid or aminomethylcyclohexane carboxylic acid or
aminomethylcyclohexanecarbonic acid or aminomethylcyclohexanecarboxylic acid or
aminomethylcyclohexanocarboxylic acid or aminomethylcyclohexanoic acid or amstat or
anvitoff or cI?65336 or cl65336 or cyclocapron or cyclokapron or cyklocapron or exacyl or
frenolyse or hexacapron or hexakapron or tranex or TXA).ab,ti.

7. exp Aminocaproic Acids/ or exp 6-Aminocaproic Acid/

8. (((aminocaproic or amino?caproic or aminohexanoic or amino?hexanoic or epsilon-
aminocaproic or E-aminocaproic) adj2 acid*) or epsikapron or cy-116 or cy116 or epsamon or
amicar or caprocid or lederle or Aminocaproic or aminohexanoic or amino caproic or amino n
hexanoic or acikaprin or afibrin or capracid or capramol or caprogel or caprolest or caprolisine
or caprolysin or capromol or cl 10304 or EACA or eaca roche or ecapron or ekaprol or epsamon
or epsicapron or epsilcapramin or epsilon amino caproate or epsilon aminocaproate or
epsilonaminocaproic or etha?aminocaproic or ethaaminocaproich or emocaprol or hepin or
ipsilon or jd?177or neocaprol or nsc?26154 or tachostyptan).ab,ti.

9. 1lor2or3ord4or5or6or7or8

10. randomi?ed.ab,ti.

11. randomized controlled trial.pt.

12. controlled clinical trial.pt.

13. placebo.ab.

14. clinical trials as topic.sh.

15. randomly.ab.

16. trial.ti.

17. 10or1lor12o0r13or14or15o0r 16

18. (animals not (humans and animals)).sh.

19. 17 not 18

20. 9and19

w
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Appendix G. Research Paper 1: Summary of the risk of bias judgements for each methodological

quality domain

25 5: ri 28F 2y rif 2iF rE o i:,

g 51 Ey E3F Pr Egr EE3 It i3

3% 3§ g FEE =E Ssp 3§ FE i
Alvarez 2008 LOW UNCLEAR LOW LOW LOW LOW LOW LOW UMNCLEAR
Andreasen 2004 LOW UMNCLEAR LOW LOW LOwWr . . LOW UMNCLEAR
Armellin 2001 UNCLEAR UNCLEAR LOW LOW LOW LOW LOW LOW UMNCLEAR
Auvinen 1987 UMNCLEAR UNCLEAR . LOW LOwW LOW LOW . LOW
Benoni 1996 UNCLEAR LOW LOW * . LOW LOW LOW UMNCLEAR
Benoni 2000 UMNCLEAR LOW LOW LOW LOW LOW - LOW UMNCLEAR
Benoni 2001 UMCLEAR LOW LOwWw LOW LOwW LOW LOW LOwW UMCLEAR
Blauhut 1994 UNCLEAR UNCLEAR UNCLEAR - = - - - UMNCLEAR
Boylan 1296 UMCLEAR LOW * * * * * LOwW LOW
Brown 1997 LOW UNCLEAR LOW LOW LOW . * LOW UNCLEAR
Bulutcu 2005 UMCLEAR UNCLEAR * * * LOW * LOwW LOW
Caglar 2008 LOW UNCLEAR LOW * - LOW LOW * LOW
Casati 2001 UNCLEAR LOW LOW LOW LOW LOW LOW * LOW
Casati 2002 UNCLEAR LOW LOW LOW LOW . LOW LOW UNCLEAR
Casati 2004 LOW LOW LOW * LOW * LOW LOW LOW
Castelli 1977 UMNCLEAR UNCLEAR . * - . . . .
Chauhan 2003 UNCLEAR HIGH * * LOW * * * LOW
Chauhan 2004a UNCLEAR HIGH . * UNCLEAR . . . LOW
Chauhan 2004b UMCLEAR  UNCLEAR * * UNCLEAR . . . LOW
Chen 2008 LOW LOW LOW - = LOW - LOW HIGH
Choi 2009 LOwW UNCLEAR LW LOW LOwW LOW LOW LOwW HIGH
Claws 2007 UNCLEAR UNCLEAR LOW - = LOW - - LOW
Coffey 1995 UMNCLEAR LOW LOW * . * * LOwW LOW
Corbeau 1995 UNCLEAR UNCLEAR UNCLEAR - = - - - UMNCLEAR
Crescenti 2011 LOW LOW LOW LOW . LOW LOW LOwW LOW
Dadure 2011 LOW LOW LOW LOW LOW LOW LOW LOW LOW
Dalmau 2000 UMCLEAR UNCLEAR LOW * . * * LOwW UMCLEAR
Demeyere 2006 UMCLEAR  UNCLEAR * * - * * * *
Diprose 2005 LOW LOW LOW LOW * * * LOwW HIGH
Drw:len 1997 UNCLEAR UNCLEAR - - = - - LOW LOW
Duran de la Fuente 2003 UMNCLEAR UMNCLEAR UMNCLEAR UMNCLEAR UNCLEAR UNCLEAR UNCLEAR LOwW LOW
Ekback 2000 UMNCLEAR UNCLEAR LOW LOW = LOW - - LOW
Elwatidy 2008 HIGH LOW LOwW LOW LOwW LW LOwW LOwW LOW
Engel 2001 UNCLEAR UNCLEAR UNCLEAR UMNCLEAR UNCLEAR UNCLEAR UNCLEAR LOW LOW
Gai 2004 LOW UMNCLEAR . . . . . . .
Garneti 2004 LOW UNCLEAR LOW - = LOW LOW - LOW
Gill 2009 LOW UMNCLEAR LOW LOW LOwW LW LOwW LOwW LOW
Gaobbur 2011 UNCLEAR UNCLEAR - - = - - - -
Gohel 2007 HIGH HIGH HIGH HIGH HIGH HISH HIGH LOwW LOW
Goobie 2011 LOW UNCLEAR LOW LOW LOW LOW LOW LOW HIGH
Good 2003 LOW UMNCLEAR LOW . . LOW . . HIGH
Greiff 2011 UNCLEAR LOW LOW LOW LOW - LOW LOW LOW
Grundsell 1984a UNCLEAR  UNCLEAR * * . * * * *
Grundsell 1984b UNCLEAR UNCLEAR - - = = - - -
Gungcrduk 2010 LOW LOW LOw LOW LOW LOW LOW LOW LOW
Hardy 1998 UMNCLEAR LOW LOW LOW LOW - LOW LOW UNCLEAR
H'ippala 1995 LOW UNCLEAR UNCLEAR UMNCLEAR . UNCLEAR UNCLEAR * HIGH
Hiippala 1997 UNCLEAR UNCLEAR LOW - = LOW LOW LOW UNCLEAR
Horrow 1990 LOW LOW . . LOwW LW LOwW . UMNCLEAR
Horrow 1991 LOW LOW LOW LOW LOW LOW - - LOW
Horrow 1995 LOW LOW LOW LOW LOwW LW LOwW . UMNCLEAR
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Husted 2003
Isetta 1993
Jansen 1939
Jares 2003
Jimenez 2007
Johansson 2005
Kakar 2009
Karski 1995
Karski 2005
Kaspar 1997
Katoh 1997
Katsaros 1996
Kazemi 2010
Klinck 1983
Kojima 2001
Kuitunen 2005
Kuitunen 2006
Kulkarni 2011
Later 2009
Leelahamon 2002
Lemay 2004

Lin 2011
MacGillivray 2010
Maddali 2007
Malhotra 2011
Mansour 2004
McConnell 2011
Mehr-Aein 2007
Menichetti 1996
Miller 1980
Misfeld 1998
Molloy 2007
Moret 2006
Movafegh 2011
Murphy 2005
Neilipovitz 2001
Niskanen 2005
Nuttall 2000
Oertli 1994
Orpen 2006
Ozal 2002

Penta de Peppo 1995
Pfizer 2011
Pinosky 1997
Pleym 2003
Pugh 1995
Rannikko 2004
Reid 1957

Risch 2000

Rybo 1972
Sadeghi 2007
Santos 2006
Sekhavat 2009
Senghore 1992
Sethna 2005
Shore-Lesserson 1996
Sorin 1999
Speekenbrink 1995

LOow
UMCLEAR
Low
UMCLEAR
UMCLEAR
Low
UMCLEAR
UMCLEAR
Low
UMCLEAR
UMCLEAR
UMCLEAR
UMCLEAR
UMCLEAR
UMCLEAR
UMCLEAR
UMCLEAR
UMCLEAR
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HIGH
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UMCLEAR
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UMCLEAR
UMCLEAR
Lo
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Low
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Low
UMCLEAR
UMCLEAR
UMCLEAR
Lo
UMCLEAR
UMCLEAR
UMCLEAR
UMCLEAR
UMNCLEAR
Low
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UMCLEAR
UMCLEAR
Low
UMCLEAR
UMCLEAR

Low
UNCLEAR
UNCLEAR
UNCLEAR

Low

Low
UNCLEAR

Low

Low
UNCLEAR
UNCLEAR
UNCLEAR
UNCLEAR
UNCLEAR
UNCLEAR

Low
UNCLEAR
UNCLEAR

Low
UNCLEAR
UNCLEAR

HIGH
UNCLEAR

Low
UNCLEAR
UNCLEAR

Low
UNCLEAR
UNCLEAR

HIGH
UNCLEAR
UNCLEAR
UNCLEAR
UNCLEAR

Low
UNCLEAR
UNCLEAR
UNCLEAR
UNCLEAR

Low
UNCLEAR
UNCLEAR
UNCLEAR
UNCLEAR
UNCLEAR
UNCLEAR
UNCLEAR
UNCLEAR
UNCLEAR
UNCLEAR

Low
UNCLEAR
UNCLEAR
UNCLEAR
UNCLEAR
UNCLEAR
UNCLEAR
UNCLEAR
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Taghaddomi 20093
Taghaddomi 2009b
Taghaddomi 2009¢
Tanaka 2001
Tsutsumimoto 2011
Uozaki 2000
Vanék 2006

Veien 2002

Wang 2011

Wei 2006

Wong 2008

Wu 2008
Yamasaki 2004
Yassen 1993
Yepes 2002
Zabeeda 2002
Zhang 2007

Zohar 2004

Zonis 1996
Zufferey 2010

LOw
UNCLEAR
UNCLEAR

LOwW

HIGH
UNCLEAR

LOw
UNCLEAR
UNCLEAR
UNCLEAR

LOwW
UNCLEAR
UNCLEAR
UNCLEAR
UNCLEAR
UNCLEAR
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LOwW
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[trials rated as being at ‘low’, ‘high’ ‘unclear’ risk of bias or “** if trial did not report data for the outcome]
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Appendix H. Research Paper 1: Forest plots of the effects of TXA in surgery on risk of blood

transfusion, thromboembolic events and mortality

Meta-analysis and cumulative meta-analysis of the effect of TXA in surgery on the risk of blood

.
transfusion
Trial Meta-analysis RR (95% Cl) Events,  Events, % Cumulative meta-analysis RR (95% C1)
Control  Weight
Rybo 1972 0.15(0.01,2.73) 0/22 3/23 022 0.15(0.01, 2.73)
Horrow 1991 —_— 0.89(0.49, 1.64) 12/37 16/44 0.95 —_— 0.75(0.42, 1.35)
Isetta 1993 —_— 0.52(0.36,0.75) 24/70 46/70 298 — 0.59 (0.43, 0.80)
Blauhut 1994 _— 0.73(0.37,1.41) 7/15 9/14 0.60 —— 0.60 (0.45, 0.80)
Coffey 1995 —_— - 0.98(0.53, 1.84) 9/16 8/14 0.55 —— 0.64(0.50, 0.83)
Horrow 1995 _—. 1.05(0.53, 2.07) 37/121 7/24 0.76 —— 0.69 (0.55, 0.88)
Speekenbrink 1995 B 1.18(0.82,1.70) 13/15 11/15 0.71 —— 0.75 (0.60, 0.92)
Penta de Peppo 1995 = 0.33(0.04, 2.85) 1/15 3/15 0.15 —— 0.73(0.59, 0.91)
Corbeau 1995 e 0.61(0.36, 1.05) 15/41 12/20 105 —— 0.72(0.59, 0.88)
Hiippala 1995 —_— 0.72(0.49,1.07) 10/15 12/13 083 —a— 0.72(0.60, 0.86)
Katsaros 1996 —_—.- 0.42(0.22,0.79) 11/104 27/106 173 —a— 0.67 (0.56, 0.80)
Zonis 1996 0.18(0.03,1.17) 1/8 7/10 0.40 —a— 0.65 (0.54, 0.78)
Benoni 1996 — 0.33(0.17, 0.66) 8/43 24/43 156 —— 0.61(0.51,0.73)
Shore-Lesserson 1996 —_—-— 0.64(0.42,0.98) 10/17 12/13 0.88 —— 0.61(0.52,0.72)
Menichetti 1996 —_——— 0.67 (0.42, 1.06) 12/24 18/24 117 —— 0.62(0.53,0.72)
Katoh 1997 0.35(0.15, 0.83) 7/62 10/31 0.86 —— 0.60 (0.52, 0.70)
Hiippala 1997 —_— 0.49(0.34,0.71) 17/38 34/38 223 —— 0.59 (0.51, 0.68)
Pinosky 1997 HE—> 1.16(0.63, 2.15) 11/20 9/19 0.60 —— 0.61(0.53, 0.70)
Brown 1997 —_—l.— 0.45(0.28,0.71) 18/60 20/30 173 — 0.59 (0.52, 0.68)
Hardy 1998 —_— 1.09 (0.7, 1.49) 28/42 27/44 17 —— 0.63 (0.56, 0.71)
Misfeld 1998 3 0.33(0.01, 7.55) 0/14 1/14 0.10 —_— 0.63 (0.56, 0.71)
Sorin 1999 D — 0.15 (0.04, 0.60) 2/21 13/21 0.84 —— 0.61(0.54, 0.69)
Jansen 1999 — 0.15(0.04, 0.60) 2/21 13/21 0.84 — 0.60(0.53, 0.67)
Nuttall 2000 _—t 0.68(0.41,1.14) 15/45 21/43 139 —— 0.60 (0.53, 0.68)
Benoni 2000 —_— 2.14(0.79,5.79) 9/20 4/19 0.27 —— 0.62 (0.55, 0.69)
Dalmau 2000 — 0.75(0.60, 0.93) 29/42 37/40 246 - 0.63 (0.56, 0.70)
Ekback 2000 1.00(0.07, 14.90) 1/20 1/20 0.06 - 0.63 (0.57, 0.70)
Engel 2001 0.14(0.01, 2.50) 0/12 3/12 0.23 - 0.63 (0.56, 0.70)
Armellin 2001 —_— 0.54(0.39,0.77) 35/143 63/140 413 - 0.62(0.55, 0.68)
Neilipovitz 2001 0.82(0.32, 2.10) 6/22 6/18 043 - 0.62 (0.56, 0.69)
Tanaka 2001 —— 0.65 (0.55, 0.78) 47/73 26/26 252 - 0.62 (0.56, 0.68)
Casati 2001a L 0.50(0.10, 2.43) 2/20 4/20 0.26 - 0.62 (0.56, 0.68)
Benoni 2001 - 0.56 (0.20, 1.54) 4/18 8/20 0.49 - 0.62 (0.56, 0.68)
Ozal 2002 e 0.32(0.19, 0.55) 12/50 37/50 240 - 0.60 (0.55, 0.66)
Casati 2002 —_—- 0.58 (0.34,0.99) 11/29 19/29 123 - 0.60 (0.55, 0.66)
Zabeeda 2002 —_— 0.37(0.22,0.62) 9/25 25/25 165 - 0.59 (0.54, 0.65)
Veien 2002 0.20(0.01, 3.85) 0/15 2/15 0.16 - 0.59 (0.54, 0.65)
Pleym 2003 - 0.85(0.34,2.13) 7/40 8/39 0.53 - 0.59 (0.54, 0.65)
Jares 2003 - 0.32(0.08, 1.40) 2/22 7/25 0.42 - 0.59 (0.54, 0.65)
Good 2003 — 0.19(0.06, 0.58) 3/27 14/24 0.96 - 0.58 (0.53, 0.64)
Husted 2003 L 0.29(0.07,1.21) 2/20 7/20 045 - 0.58 (0.53, 0.63)
Lemay 2004 0.06 (0.00, 0.91) 0/20 8/19 0.56 - 0.57(0.52, 0.63)
Andreasen 2004 1.02(0.38, 2.76) 6/20 5/17 0.35 - 0.57(0.52, 0.63)
Garneti 2004 - 1.14(0.72, 1.80) 16/25 14/25 091 - 0.59 (0.54, 0.64)
Casati 2004 L 0.67(0.31,1.42) 9/52 13/50 0.86 - 0.59 (0.54, 0.64)
Mansour 2004 - 0.58(0.29,1.17) 7/20 12/20 0.78 - 0.59 (0.54, 0.64)
Rannikko 2004 1.13(0.36, 3.53) 6/70 5/66 0.33 - 0.59 (0.54, 0.64)
Zohar 2004 —— 0.25(0.12, 0.50) 9/60 12/20 117 - 0.58 (0.53, 0.64)
Diprose 2005 — 0.74(0.47,1.17) 20/60 27/60 175 - 0.59 (0.54, 0.64)
Johansson 2005 - 0.39(0.19,0.79) 8/47 23/53 1.40 - 0.58 (0.54, 0.63)
Karski 2005 —_— 0.66 (0.42, 1.03) 24/147 41/165 250 - 0.59 (0.54, 0.64)
Kuitunen 2005 0.42(0.18, 0.96) 5/20 12/20 0.78 - 0.58 (0.54, 0.63)
Vanék 2006 = 0.47(0.13,1.71) 3/32 6/30 0.40 - 0.58(0.54, 0.63)
Niskanen 2005 L 0.66 (0.26, 1.66) 5/19 8/20 0.51 - 0.58(0.54, 0.63)
Choi 2009 ! 0.52(0.17, 1.59) 4/32 7/29 048 - 0.58(0.54, 0.63)
Santos 2006 0.62(0.29, 1.36) 7/29 12/31 0.75 - 0.58 (0.54, 0.63)
Wu 2006 — 0.03 (0.00, 0.46) 0/108 17/106 115 - 0.57 (0.53, 0.62)
Orpen 2006 - 0.31(0.04, 2.65) 1/15 3/14 0.20 - 0.57 (0.53, 0.62)
Wei 2006 0.07 (0.00, 1.09) 0/36 8/40 0.52 - 0.57 (0.52, 0.62)
Moret 2006 — .t 0.89(0.67,1.17) 67/139 38/70 3.28 - 0.58 (0.54, 0.63)
Murphy 2006 _— 0.93(0.49,1.77) 13/50 14/50 091 - 0.59(0.55, 0.64)
Kuitunen 2006 - 0.89(0.35, 2.28) 5/14 6/15 038 - 0.59(0.55, 0.64)
Molloy 2007 - 0.45(0.17,1.21) 5/50 11/50 071 - 0.59(0.55, 0.64)
Mehr-Aein 2007 = 0.63(0.23,1.71) 5/33 8/33 0.52 - 0.59 (0.55, 0.64)
Claeys 2007 0.17 (0.02, 1.26) 1/20 6/20 0.3 - 0.59 (0.54, 0.63)
Jimenez 2007 —_—— 0.51(0.29, 0.90) 9/24 19/26 118 - 0.59(0.54, 0.63)
Sadeghi 2007 _ 0.66(0.39, 1.12) 12/32 20/35 124 - 059 (0.54, 0.63)
Zhang 2007 - 0.92(0.84,1.01) 47/51 51/51 3.34 - 0.60 (0.56,0.65)
Alvarez 2008 0.18(0.02, 1.42) 1/46 6/49 038 - 0.60 (0.56, 0.65)
Caglar 2008 ——w>  150(0.75,3.01) 15/50 10/50 065 - 0.61(0.57,0.65)
Elwatidy 2008 0.33(0.12,0.92) 4/32 12/32 0.78 - 0.61(0.56, 0.65)
Wong 2008 _—. 0.78(0.50, 1.20) 23/73 30/74 193 - 0.61(0.57, 0.65)
Later 2009 —- 0.81 (0.66, 1.00) 57/99 73/103 464 - 0.62(0.58, 0.67)
Gill 2009 ™ 0.25(0.04,1.52) 1/5 4/s 0.26 - 0.62 (0.58, 0.66)
Tagt i 20092 - 0.30(0.15, 0.59) 8/50 27/50 175 - 0.61(0.57, 0.66)
Zufferey 2010 —.— 0.70(0.48,1.01) 24/57 32/53 215 - 062 (0.58, 0.66)
Kazemi 2010 - 0.36(0.13,1.02) 4/32 11/32 071 - 0.61(0.58, 0.66)
Gungorduk 2010 & 0.29(0.06, 1.37) 2/330 7/330 0.45 - 0.61(0.57, 0.65)
MacGillivray 2011 —_— 0.65 (0.35,1.22) 13/40 10/20 0386 - 0.61(0.57, 0.65)
Lin 2011 0.20(0.05, 0.87) 2/50 10/50 065 - 0.61(0.57, 0.65)
Malhotra 2011 -~ =w—— 0.33(0.16,0.70) 6/25 18/25 117 - 0.61(0.57, 0.65)
Dadure 2011 _— 0.53(0.27,1.01) 7/19 14/20 088 - 0.61(0.57, 0.65)
Goobie 2011 D — e — 0.04(0.00, 0.67) 0/23 10/20 073 - 0.60 (0.56, 0.64)
Pfizer 2011 - 0.85(0.28, 2.58) 5/40 6/41 038 - 0.60 (0.56, 0.64)
Wang 2011 —_—. 0.68 (0.49, 0.94) 37/116 54/115 3.52 - 0.60 (0.57, 0.64)
Greiff 2011 — . 0.96 (0.83,1.11) 27/30 31/33 191 - 0.61 (0.58, 0.65)
Crescenti 2011 —— 0.62(0.45, 0.86) 34/100 55/100 3.57 - 0.61 (0.58, 0.65)
Kulkarni 2011 — . 0.84(0.51,1.38) 22/108 27/111 173 - 0.62 (0.58, 0.65)
Overall (I-squared = 68.6%, p = 0.000) L 2 0.62(0.58, 0.65) 1035/4035  1487/3699 100.00
T T T AJ T T T Al
4 6 8 1 12 4 6 8112
Favours TXA Favours control Favours TXA Favours control

[Trials with zero events in both arms are omitted from the Forest plot for clarity]
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Meta-analysis and cumulative meta-analysis of the effect of TXA in surgery on the risk of

myocardial infarction

Trial Meta-analysis RR (95% Cl) Events, Events, % Cumulative meta-analysis RR (95% CI)
Control  Weight
ink1995 € 0.20(0.01,3.85)  0/15 2/15 6.17 > 0.20(0.01,3.85)
Hiippala 1995 2.63(0.12,59.40) 1/15 0/13 132 L 0.63 (0.11, 3.70)
Shore-L 1996 # 0.38(0.04,377) 1/17 2/13 5.59 L 0.52(0.13, 2.10)
Katoh 1997 # 152(0.06,3636) 1/62 0/31 164 0.63 (0.18,2.21)
Hardy 1998 & 052(0.05,5.56)  1/43 2/45 482 = 0.61(0.20, 1.83)
Armellin 2001 3.00(0.12,73.06) 1/150 0/150 123 —— 7 0.75(0.27,2.05)
Benoni 2001 3.32(0.14,76.60) 1/18 0/20 117 ————————=—— 089(0.35,2.26)
Ozal 2002 2.00(0.19,21.36) 2/50 1/50 247 —IH 1.00(0.42, 2.36)
Casati 2002 € 1.00(0.07,15.24) 1/29 1/29 247 —I—) 1.00 (0.44, 2.27)
Jares 2003 #——) 114(008,17.11) 1/22 1/25 231 —%— 1 (0.46,2.22)
Diprose 2005 —8—) 125(035,443) 5/60 4/60 9.87 ——#%——) 107(055,209)
Karski 2005 & 0.75(0.13,4.42)  2/147 3/165 6.97 ———8—— 102(055,191)
Kuitunen 2005 1.00(0.07,14.90) 1/20 1/20 247 ——8#—— 102(056,187)
Santos 2006 - 0.21(0.01,4.26)  0/29 2/31 5.97 ——®———) 093(052,168)
Moret 2006 0.10(0.00,2.08)  0/139 2/70 818 —&——— 082(047,144)
Murphy 2006 L 0.33(0.01,7.99) 0/50 1/50 3.70 —_— 0.80 (0.46, 1.38)
Wong 2008 3.04(0.13,73.44) 1/73 o/74 123 —&—+—— 084(0.49,143)
Later 2009 ¢ 0.06(0.00,1.05)  0/99 8/103 2056 — 0.66 (0.39, 1.09)
Greiff 2011 & 0.82(0.20,3.39)  3/30 4/33 9.40 —_—— 0.67(0.42,1.08)
Crescenti 2011 1.00(0.06,15.77) 1/100 1/100 247 — 0.68 (0.42, 1.09)
Overall (I-squared = 0.0%, p = 0.895) ’ 068(0.42,1.09) 23/1168  35/1097  100.00
T T T AJ T \ 1 [ 1 \
2 4 6 8 112 2 4 6 .8 112
Favours TXA Favours control Favours TXA Favours control

[Trials with zero events in both arms are omitted from the Forest plot for clarity]
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Meta-analysis and cumulative meta-analysis of the effect of TXA in surgery on the risk of

stroke
Trial Meta-analysis RR (95% Cl) Events, Events, %
XA Control Weight
Horrow 1990 0.22 (0.01, 4.32) 0/18 2/20 10.68
Horrow 1991 3.55 (0.15, 84.69) 1/37 0/44 206
Karski 1995 3.43 (0.18, 65.10) 3/99 0/48 3.02
Katsaros 1996 » 153 (0.26, 8.96) 3/104 2/106 891
Shore-Lesserson 1996 L 1.53(0.15, 15.09) 2/17 1/13 5.10
Hardy 1998 3.14(0.13, 74.95) 1/43 0/45 2.20
Armellin 2001 0.20(0.01, 4.13) 0/150 2/150 11.24
Benoni 2001 3.32(0.14, 76.60) 1/18 0/20 214
Casati 2002 0.50 (0.05, 5.21) 1/29 2/29 8.99
Karski 2005 L 1.12(0.07, 17.79) 1/147 1/165 424
Santos 2006 5.33 (0.27, 106.61) 2/29 0/31 218
Moret 2006 é. 0.63(0.17, 2.27) 5/139 4/70 23.93
Jimenez 2007 < 3.24(0.14, 75.91) 1/24 0/26 216
Later 2009 & 1.04(0.07, 16.41) 1/99 1/103 441
Zufferey 2010 2.79(0.12, 67.10) 1/57 0/53 233
Greiff 2011 0.37 (0.02, 8.65) 0/30 1/33 6.43
Overall (I-squared = 0.0%, p = 0.923) ——.—— 1.14 (0.65, 2.00) 23/1040 16/956 100.00
I I | | | I !

6 8 1 12 14 16 18 2

Favours TXA Favours control

[Trials with zero events in both arms are omitted from the Forest plot for clarity]
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Meta-analysis and cumulative meta-analysis of the effect of TXA in surgery on the risk of deep

vein thrombosis

Trial Meta-analysis RR (95% Cl) Events, Events, %
TXA Control Weight

Miller 1980 - 1.00(0.07, 15.12) 1/25 1/25 291
Horrow 1991 » 0.39(0.02,9.41) 0/37 1/44 4.00
Hiippala 1995 0.17(0.01, 3.34) 0/15 2/13 7.76
Katsaros 1996 - 0.34(0.01, 8.24) 0/104 1/106 433
Benoni 1996 - 1.33(0.32,5.61) 4/43 3/43 873
Hiippala 1997 - 0.97(0.14, 6.57) 2/39 2/38 5.90
Sorin 1999 0.20(0.01, 3.93) 0/21 2/21 7.28
Jansen 1999 - 0.33(0.01,7.74) 0/21 121 437
Benoni 2000 - 0.95(0.22, 4.14) 3/20 3/19 896
Ekback 2000 » 1.00(0.07, 14.90) 1/20 1/20 291
Engel 2001 5.00(0.27,94.34) 2/12 0/12 146
Ozal 2002 - 0.33(0.01, 7.99) 0/50 1/50 437
Good 2003 - 0.89(0.14, 5.83) 2/27 2/24 6.16
Wong 2008 - 0.34(0.01, 8.16) 0/73 1/74 434
Kazemi 2010 = 0.33(0.01, 7.89) 0/32 1/32 437
Zufferey 2010 » 1.55(0.39, 6.17) 5/57 3/53 9.05
Lin 2011 - 1.00 (0.06, 15.55) 1/50 1/50 201
Pfizer 2011 6.83 (0.36, 128.20) 3/a1 0/40 147
Crescenti 2011 - 0.33(0.04, 3.15) 1/100 3/100 873
Overall (I-squared = 0.0%, p = 0.958) ‘ 0.86 (0.53, 1.39) 25/787 29/785 100.00

2 4 .6 8 1 1214

Favours TXA Favours control

[Trials with zero events in both arms are omitted from the Forest plot for clarity]
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Meta-analysis and cumulative meta-analysis of the effect of TXA in surgery on the risk of

pulmonary embolism
Trial Meta-analysis RR (95% Cl) Events, Events, %
TXA Control Weight

Miller 1980 = 0.33(0.01, 7.81) 0/25 1/25 1178
Hiippala 1995 - 0.29(0.01, 6.60) 0/15 1/13 1257
Katsaros 1996 - 0.34(0.01, 8.24) 0/104 1/106 1167
Benoni 1996 - 0.33(0.01,7.96) 0/43 1/43 1178
Hiippala 1997 3 0.32(0.01,7.74) 0/39 1/38 11.93
Benoni 2001 - 1.11(0.07, 16.49) 1/18 1/20 7.44
Pleym 2003 - 0.33(0.01,7.75) 0/40 1/39 11.93
Garneti 2004 3.00(0.13, 70.30) 1/25 0/25 393
MacGillivray 2011 2.56(0.13, 50.95) 2/40 0/20 519
Crescenti 2011 - 0.33(0.01,8.09) 0/100 1/100 1178
Overall (I-squared = 0.0%, p = 0.959) __0_ 0.61(0.25, 1.47) 4/aa9 8/429 100.00

T v T —

4 .6 .8 1 1214

Favours TXA Favours control

[Trials with zero events in both arms are omitted from the Forest plot for clarity]
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Meta-analysis and cumulative meta-analysis of the effect of TXA in surgery on the risk of death

Trial Meta-analysis RR (95% Cl) Events, Events, % Cumulative meta-analysis RR (95% C1)
TXA Control  Weight
Coffey 1995 i 0.29 (0.01, 6.69) 0/16 1/14 3.65 L 0.29 (0.01, 6.69)
Katsaros 1996 | 0.20(0.01, 4.19) 0/104 2/106 568 (i 0.24(0.03, 2.10)
Boylan 1996 0.12(0.01,2.11) 0/25 3/20 8.88 0.18 (0.03, 1.00)
Hiippala 1997 & 0.32(0.01,7.74) 0/39 1/38 348 0.20(0.05,0.91)
Katoh 1997 # 152(0.06, 36.36) 1/62 0/31 152 - 0.29 (0.08, 1.03)
Kaspar 1997 3.00 (0.13, 67.06) 1/12 0/12 115 - 0.42(0.14,1.23)
Dryden 1997 - 0.22(0.03,1.77) 1/22 4/19 9.84 L 0.36 (0.14, 0.93)
Brown 1997 # 152 (0.06, 36.34) 1/60 0/30 152 L 0.41(0.17, 1.00)
Nuttall 2000 0.20(0.01, 4.05) 0/45 2/45 5.73 - 0.38(0.16, 0.89)
Dalmau 2000 L 0.71(0.17, 2.99) 3/42 4/40 9.40 = 0.44(0.21,0.91)
Armellin 2001 L] 0.33(0.04,3.17) 1/150 3/150 688 —@—— 0.43 (0.21, 0.86)
Casati 2002 1.00 (0.22, 4.56) 3/30 3/30 6.88 —_— 0.49 (0.26,0.91)
Andreasen 2004 3.27(0.14, 76.21) 1/21 0/23 110 —_— 0.54(0.29, 0.98)
Casati 2004 0.48 (0.04, 5.14) 1/52 2/50 4.68 —_— 0.53 (0.30, 0.95)
Bulutcu 2005 & 0.33(0.01,7.81) 0/25 1/25 3.44 —_— 0.52(0.30, 0.93)
Diprose 2005 & 0.33(0.01,8.02) 0/60 1/60 3.44 —_—— 0.51(0.29, 0.90)
Karski 2005 3.37(0.35, 32.02) 3/147 1/165 216 —_— 0.59 (0.35, 1.01)
Van?k 2006 ] 0.32(0.01, 7.65) 0/32 1/31 3.49 —_—l 0.58 (0.34, 0.98)
Santos 2006 L 0.21(0.01, 4.26) 0/29 2/31 5.55 — 0.56 (0.33, 0.93)
Moret 2006 2.54(0.12, 52.11) 2/139 0/70 152 D — 0.59 (0.36, 0.98)
Sadeghi 2006 # 0.36 (0.02, 8.62) 0/32 1/35 3.29 . — 0.58 (0.36, 0.96)
Later 2009 1.04(0.07, 16.41) 1/99 1/103 225 e — 0.59 (0.37,0.97)
Zufferey 2010 2.79(0.12, 67.10) 1/57 0/53 119 — 0.62 (0.39, 1.00)
Greiff 2011 #& 0.37 (0.02, 8.65) 0/30 1/33 3.28 — 0.61 (0.38, 0.98)
Overall (I-squared = 0.0%, p = 0.966) ‘ 0.61(0.38,0.98) 20/1330 34/1214 100.00
T T T T T T T T T T T T
2 4 6 8 112 16 2 4 6 8 112 16
Favours TXA Favours control Favours TXA Favours control

[Trials with zero events in both arms are omitted from the Forest plot for clarity]
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Appendix J. Research Paper 2: Published article

Systematic review, meta-analysis and meta-regression of the
effect of tranexamic acid on surgical blood loss

K. Ker, D. Prieto-Merino and 1. Roberts

Clinical Trisls Univ, Loadon Schoal of Hygiene and Tropics] Medicne, Keppel Soreer London WCLE 7THT, UK
Ciar epomdence ro: M B Kar (= mail: katharine kec@lshom scuky

HBackground: Tramexamic acid (TXA) reduces blood wransfusion in surgery bue the extene of the
reduction in blood toss and how it relates oo the dose of TXA is unclear.

Methods: A systematic review of randomized crials was performed. D were extracted on bloed loss
from triafs comparing ineravenous TXA with no TXA or placebo in surgical padenss. A Bayesian linear
regression was used to describe the relationship berween the reduction in blood loss with TXA and che
cxtent of bleeding as meassured by the mean hlood loss in the contmol group. A mets-analysis of the
log-transformed data was conduceed to quantify the effect of TXA on blood loss, siravified by wype of
surgery, dming of TXA administradon and wrial guality, Meta-regression was used o explore the effece
of TXA dosage.

Resulis: Data from 104 orials were examined. Although the absolute reduction in blood loss wich TXA
increased as surgical bleeding incressed, ehe percentage reducton was similar. TXA redouced Mood loss
by 34 per cent (pooled rao 0-66, 95 per cene confidence interval 0-65 o 0-67; P < 0-001}). The percencage
reduction in blood loss wich TXA differed by ovpe of surgery, dming of TXA adminiscration and trial
gualiey, but the diferences were small. The effect of TXA on blood loss did not vary over the range of
doses assessed (5-5-3 M mgkg).

Conclusion: TXA reduces blood loss in surgical patienss by aboue one-third. A wotal dose of | ¢ appears

o be sufficient for mose adules. There is no evidence to suppomn the use of high doses.

Paper sccepeed O May 2003

Published onbine in Wiley Online Library (www . bjs.coouk). DOT: 100 10002/bjs. 9193

Introduciion

Tranexamic acid (TXA} reduces the probabibty of
receiving @ blood mansfusion in surgery. A sysiemadc
review of mndomized clinical trials showed thar TXA
reduces the probabilicy of blood rransfusion by 38 per cent
(pooled risk rado (0-62, 95 per cent confidence meerval (c.0.)
(-58 to 0-65; P <0-001}!. However, the extent to which
TXA reduces surgical bleeding and s reladonship with
the dose of TXA and type of surgery remains uncermin.
Because the decision wo transfuse depends on factors other
than hlood loss, the effect on blood ransfusion may not
be an acourate indicaror of the effect of TXA on surgical
blesding.

Clinical rrials of TXA in surgery usually report the mean
blood loss in each group. Previous systcmatic reviews
have combined these dara o obrain the average difference
in mean blood loss berween TXA and control groups.
However, the usefulness of such a measure is questionable.

It would be surprising f TXA reduced blood loss by

i 2013 Bridsh Jowrmal of Surgery Sooeoy Lol
Published by John Wiley & Sons Lud
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the same volome in surgical procedures thar mvolved
different amounts of bleeding. On the other hand, it may
be reascnable o expect 2 similar percenrage reduction
blood loss with TXA

The objective of this study was to examine whether the
effect of TXA on biood loss varies with the extent of surgical
bleeding. The magnitude of the perecnage reducton in
blood loss with TXA was esoimared, and how the effect
varies by type of surgery, timing of TXA sdministration,
izl quality and dosage was assessed.

Mothods

A systemanic review of randomized clinical mals of TXA
in surgical patients was conducted. The methods wsed
mw identfy mials for the review have been described m
denil elsewhere!. Tn brief, 2 comprehensive search was
underken for all randomized clinical tals comparing
intravenous  TXA with placebo or no nrerventon in
elecove or cmergency surgery. Two suthors screened

Brivish Fomrmad of Surgmry



the search output and the full texes of all eligible mals
were obtained. Informaton was extracted on patent
characteristics, oype of surgery, dose and oming of
TXA administradon and average bhlood joss (mean and
standard deviadon). The rfisk of bias associated with
sequence generation, sllocation concealment, blinding and
the completeness of outeome dats was assessed for each
rrial.

To explore the relanonship berareen the reducoon in blood
loss with TXA and the extent of bleeding, for each mial the
mican blood loss in the TXA group was plotted againse the
mean biood loss in the contol group, This relanonshap
wias examined using linear regression esumated using a
Bayesian model as proposed by Thompson e al? o
account for random sampling error in the estmates of the
regression variables {in the sample means from each all
Seatistical details of the model are given in Appendiz S1
(supportng mformation).

To quanufy the effect of TXA on the percenmage
reduction in blood loss, 3 mem-analysis using  borh
fixed-effect and random-efeces models was conduceed.
For the purpose of the mets-analysis, blood loss dats
were log-transformed and the analysis was conduceed
msing the transformed values. The fommulae used for
the rransformations are given m Agpendir 81 (suppordng
information). A mema-analysis (nsing arithmetic means)
of the differences in means using the transformed blood
loss data corresponds o @ meta-analysis (using geometric
means) of the rado of means in the orginal scale. The
pooled esgmates were back-ransformed o give the blood
lo== mdos and 95 per cent ci. on the onginal scale.
Sraristical heterogencity was examined by visual inspection
of forest plots, the I statistic and che 37 tesc

Subgroup analyses were undemaben o assess the
effect of TNA by the wype of surgery, oming of
TXA administration {preincision, postincsion), allocation
concealment (adequare, unclear, inadequate) and oype of
comparator {placcbo or no inwovendon). Hererogeneiny
between subgroups was assessed using the 3 rest (fixed-
effect analysis only). Finally, a random-effecs meta-
regression was carricd out to investigate the association
between the effect of TXA on blood loss and the total
dose of TXA (mg'ke) as a contnuows vanable, If a fixed
dose was used n the maals (for eample 100mg), it was
converted m milligrams per kilogram by dividing by 70 k.
A funnel plot was inspected for the presence of small smdy
effects. STATA® version 12 (StaraCorp, College Smrion,
Texas, USA) scasucal sofoware? was used for sl analyses.

£ 2017 Bricish Jmornal of Surgery Sodeoy Lal
Fubfished by John Wiley & Sons Lnd
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Results

The mial selection process is shown in Fig. I, One hundred
and twenty-nine randomized clinfcal mials were identified.
The characterisrics of the included trials are summarized in
Tade 51 {supporing informarion). Wine reporms described
muldarm rrials involving 2 toral of 23 eligible pair wise
compartsons; each of these was included in the analy=is
as 2 separate rrial. One hundred and foor randomized
comparisons, described in 90 articles®-", reported daga on
blood loss ina formart suimble for this anabysis. These mials
involved 1 ml of B03) patenes; 4224 received TXA and
3806 receved a placebo or no interventon.

The rmals involved cardiac (34 mals), orhopaedic (33),
obstetric and gynaccological {7), head and neck (7), brease
cancer (1), heparc {1} and wmlogical (1) surgery. Eighey
trials gave TXA before surgical incision and 24 trials gave
TXA afver incision. Thiroy-three trials were assessed as
being adequately concealed {low nsk of bias), and five
trials as madequately concealed (high nsk of bias). The
remaining 66 trials preseneed insufficient information on
allocation concealment m allow judgement and were rated
as unclear. Seventy-five trials were placebo-conmolled,
whereas 1 no-intervention group was used as the conerol
in the remainimg 2% mraks.

Effect of tranexamic acid on blood loss

The relatonship beoween mezn blood loss in the TXA
group and in the control group is shown in Fig. 20 Mean
bload loss in the TXA grovp increased as that in the conerol
group incressed, bur to 2 lesser excenc. The intercept of
the regression line (dotred line) estimared by the Bayesian
maodel was 4 (93 per cent c.1. —8 oo 18) ml, a negligible value
in the contexr of the observed blood loss estimates. The
Bayesian model corresponded closely with the regression
line prediceed, assuming a constant percentage reduction
in blood loss {dashed line) and an intercepr of zero.

The summary results of a fived-cffect mem-anabysis of
the percentage reducton in blood loss with TXA are
shown in Fig. 3. A forest plor showing the csomates from
each mial is shown i Fig 51 (suppoming information).
The back-rransformed pooled rato of blood loss with
TXA was 0-66 (95 per cent i 0465 w 0-67; P <0001},
mdicanng thar TXA redoced blood loss by 34 per cenn
There was substantial swatistcal hererogencity between
trials (I7 =83 per cent). There was hererogeneity in the
magnimude of effect by oype of surgery, although che
extent of the variatdon was small All of the subgroup
estimates were conststent with 2 reductdon in blood loss,
and all bur one was stansocally significant ar the 5 per
cent level. TXA had = greater effect on blood loss when

www.bjsoonk Brivish Fesrmal of Surgery



Tranexamic acld end surghcal blood loss

Ag. 1 PRISMA flow diagram for selecion of errals. TXA, rranexamic acid

ossin THA gup )
5848688

g

Blaod lossin

1
000 t600 2000 2500 9000
Binod lass In contral group (i}

g

Ag. 2 Mean blood loss in eranexamic deid (TXA) group versur
control group, widh regression lines from models assuming no
effect of TXA, 3 constant proporsional reducdon, and esamared
by Bayesian lincar regression

given after incision, although the difference beoween the
preincision and postncision estimates was small. There was
hererogeneity in the magnimude of effect by adequacy of
alloration concealment. When the analysis was resmricted oo
the 33 adequarely concealed mrials, TXA reduced blood loss
by 30 per cent (effect estimare 0.70, 95 per cene cd, 0468 1o

£ 2017 Tiritish Joursal of Surgery Socery Led
Publishedt by John Wilsy & Sons Lud

173

(1-72; P = 0.001). There was no evidence for heterogeneicy
in the esomated cfferss of TXA compared with either
placebo or 4 no-interventon conol group. The resulis
from rendom-cfects mera-analyses were similar to those
of the fixed-effect analyses, and are shown in Tolle 52
{supporung information).

A fixed dose was converted @ the equivalent milligram
per kilogram dose in 21 trials. The total dose of TXA used
in the trials ranged from 5-5 w 300 me/ke. The median
dose was 22 mys/ke, with the majority of trials (70 per cent)
using a toral dose of 30megkr or less. Resulss from che
meta-regression suggested that the effece of TXA on blood
loss did not vary over the dose range assessed {cocfficient
0-BB9, 95 per cent . 0787 1o 1-004; P=0-039).

Therewas noclear asymmerry in the funnel ploc (Fig. 4.

Discussion

The results of this mets-analysis suggest thar TXA reduces
surgical blood loss by about one-third, Although the
magnimude of the reduction differs by oype of surgery and
oming of TXA sdministration, che differences are small
and unfikely eo be clinically impormane. A oral dose of I g
is likely 1 he sufficient for most adulis, and there is no
evidence to support the ose of higher doses,
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Subgroug Mo. of patients Ralio Aatio
Typa of surery
o 4112 5 DB (046, 0-65)
Coinopasdic 1881 -0 064 (62, 0-6T)
Head and neck 325 —a— 07 (064, 0-83)
Ciostetrics and gynascoiogy 1330 -o— 74 (O72, 076
Uroiogleal 20 0 072 [0-53, 0-8T)
Hegasc 20— 0-56 [0-30, 1-03)
Braast cancar 160 o 0rB8 (0-58, -85
Tes! for subgroup diferences: ¢© - §7-24, P 0001
TIming af T*A
Praincigion BEEL o 067 (0B85, 068)
Postncizion 1378 —_— 063 (6D, 0-65)
Test for subgroup diferences: 3% = 11-28, P = 0001
Aflocalion concealman
AoequaEls 65 = 70 (088, 075
Linciear 4404 —& 0B (062, 0-6E)
Inadequate &E —— ©-77 (074, 0-80)
Test Tor subgroun dfietences: y° - 97-66, P < 0-001
Comparaior
Flaceba G263 i BT (068, 06E)
Mo misneerlion 1761 - 066 (-85, 0-6T)
Tt for subgroup dfferences: ¢ - 142, P= 0234
Crvarall 8030 - 066 (065, 06T)
Test for ovedsl sffect: 2= 60-78, F < 0001
Heszroganalty: 3 = 53279, 10841, P < 0001, F - 63%
u!ﬁ EI-IE i 1!2
TXA befer THA WOEE

Ag. 2 Forest plot of the effect of sranexamic acid (TXA) on blood loss serasified by evpe of surgery, timing of TXA sdminiseradion,
adequacy of allocarion concealmens and sype of comparavor. A fived-effece modef was used for meta-analysis. Efect estimares ane
back-transformed ratos of geomettic means with 75 per cent confedence inemvals, The overall pooled esimare is marked by the

diamoad and doted line

The validity of these results depends on the qualiny of
the included trials, and many were of low guality. Less
than a third of wrials were judged to be at low risk of bias
on the basis of allocatdon concealment. Nevertheless, even
when the analysis was resiricted to adequately concealed
rials, the effect of TXA on blood loss remained large
and highly sttstically significant. Stadsdcal heterogeneity
bevween trials was substantial and was not explained by type
of surgery, trial quality, tming of TXA administranon or
dose, Differences in the mechods used @ estmare blood
loss, the duradon over which blood loss was measured
and other aspects of mal qualioy may explan some of
the heterogeneity. The subgroup analyses showed that the
cffect of TXA on blood loss varied by type of surgery,
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mrial quality and vming of TXA However, the extent of
the variation was small and the clinical importance of such
small vanadons 15 questonable.

There was no obvious ssymmetry in the funnel plot,
but reporting bias remains a concern, partculardy as abour
one-fifth of rials were not included in the analysis owing to
unsutable dats or inadequate reporong. If many of these
or other unpublished trials showed lictle or no effect of
TXA on blood loss, the analysis would have overssumared
the treamment effect. However, in consideration of the
magnimde and precsion of the effect, it 15 unlikely that
any such bias would account for all of the observed effect

The reduction in bleeding with TXA is almost identical
o the reducrion in dve risk of receiving a blood anshesion
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Ag. 4 Funnel plos with pseudo 95 per cent conbdence imervals
for mem-analysis-of the effect of wanexamic acid on blood loss

with TXA, sugpesting thatr, in surgery, tramsfusion may
be closely titraved to blood loss. This may not be the
case in injured patents. The Clinical Randomisation of an
Anrifibrinolytic in Significant Haemorrhage (CRASH-2)
mrial found that early administrarion of TXA reduced the
risk of death from bleeding by abour one-third, bur there
was no clear reduction in the risk of receiving a blood
rranshmsion ™,

Abthough there is reliable evidence thar TXA reduces
bleeding and blood transfusion in surgery, its effect on
other imporeant outcomes - including death and throm-
boembalic events remains unceriain’. There is no evidence
thar it increases che risk of thromboembolic evenes, bur this
15 2 theorenical concern thar may deter some surgeons from
using TXA. These uncermainties need to be resobved before
TXA can be recommended for routine use in surgery.

The apparent lack of a dosc-response reladonship
acrows the range of doses examined (5-5-300mg/kyg) has
important implications for the wse of TXA in surgery.
TXA crosses the blood—brain barmier and there is some
evidence from observational srudies of panents undergoing
cardiar surgery cthat high-dose TXA (100 mgfks or more)
may cause seizures o, The present results mply thar the
clinical benefit of TXA on bleeding can be achieved at
doses much lower than those associared with such adverse
effects: Indeed, 3 total dose of about 14mgiks (or about
| g in adules) appears m be sufficienr for most parents.

Disclosure
The suthors declare no conflict of interest.
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Appendix K. Research Paper 2: Further detail of statistical methods

Bayesian model for linear regression of means in the two groups

Ideally the population means for each group in each trial would be used for the regression
however, in this case only the sample means were available. According to the Central Limit
Theorem, the means of random samples should be normally distributed centred on the
population mean. The standard error of the sample mean with the sample variance was
estimated using the Student’s t distribution as follows.

So: yc[i] ~ Student-T(mc[i] , sec[i], nc[i]) and yt[i] ~ Student-T( mt[i], set[i], nt[i])
And: sec[i] = sdc[i] / sgrt(nc[i]) and set[i] = sdt[i] / sgrt(nt[i])

Where: ‘yc[i]’ is sample mean of controls, ‘mc|[i]’ is population mean of controls and ‘sec|i]’ is
standard error of yc[i] estimated with the sample standard deviation sdc[i] and sample size ncli],
all in trial[i]. Also yt[i], mt[i], set[i], sdt[i] and nt[i] have the same meaning for the treatment
group in trial[i].

The linear model is: mt[i] <- intercept + slope*mc][i] + e[i]
e[i] ~ dnorm(0, sde[i])
sde[i] <- e0 + e1*mc][i]

Where e[i] is the random error in the regression that is assumed to be distributed normally and
independently for each trial. However, as it is not realistic to think of an error of constant
standard deviation (sde[i]) the standard deviation was allowed to vary with the mean of the
control group.

Interpretation: The ‘intercept’ is expected to be 0 if there is a constant proportional effect of
TXA. The ‘slope’ is the coefficient that estimates the proportional reduction in blood loss in
intervention compared to control group.

Priors: Non informative priors to mc[i], intercept, slope, e0 and el were assigned.

Transformation of blood loss data into the logarithmic scale

Ideally, individual patient data would be available and the natural logarithm of the estimated
blood loss in each patient is taken and the mean and standard deviation calculated using the
transformed data. Because individual patient data were not available, the summary statistics
from the trials were used to estimate the log-transformed values.

It was assumed that the variable blood loss (X ) followed a log-normal distribution
X ~ LogNormal (u,0), thus Ln(X) ~ Normal(y, ,o, ) and the equations linking the means
(&) and standard deviation ( o ) of the distributions were:

For trials that reported average blood loss as means with standard deviations, the equations
above were used to estimate the log means and standard deviations.
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Appendix L. Research Paper 2: Characteristics of included trials

Trial Participants Intervention and comparator Risk of bias judgements
Alvarez 2008 95 patients undergoing knee arthroplasty
TXA group (n=46): TXA group: bolus 10mg/kg before e Sequence generation low
Spain M/F=7/39; mean age(sd)=71(9) deflation of tourniquet, then infusion e Allocation concealment unclear
Control group (n=49): 1mg/kg/hr ¢ Blinding low
M/F=10/39; mean age(sd)=72(7) Control group: placebo o Incomplete outcome data unclear
Armellin 2001 283 patients undergoing aortic valve
replacement TXA group: 2.5g before skin incision, « Sequence generation unclear
Italy TXA group (n=143): further 2.5g added to pump prime « Allocation concealment unclear
M/F=71/72; mean age(sd)=65.7(11.7) Control group: placebo N
e Blinding low
Control group (n=140): | | q unclear
M/F=90/50; mean age(sd)=65.9(12.8) * Incomplete outcome data
Auvinen 1987 76 patients undergoing surgery of the thyroid
gland TXA group: 0.5g at induction of « Sequence generation unclear
Finland TXA group (n=39): anaesthesia then 0.5g during each 8h of « Allocation concealment unclear
M/F=4/35; mean age(sd)=50(16.4) the intra- and post-op period 24 hrs Blindi low
[ ]
Control group (n=37): Control group: placebo | n Ingl q low
M/F=2/35; mean age(sd)=51(13.5) * Incomplete outcome data
Benoni 1996 96 patients undergoing knee arthroplasty
TXA group (n=43): TXA group: 10mg/kg given as slow e Sequence generation unclear
Sweden M/F=13/30; mean age(sd)=76(7) injection towards end of operation, before | o Allocation concealment low
Control group (n=43): deflation of tourniquet « Blinding low
M/F=10/33; mean age(sd)=74(7) Control group: placebo o Incomplete outcome data unclear
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Trial Participants Intervention and comparator Risk of bias judgements
Benoni 2001 38 patients undergoing hip arthroplasty
TXA group (n=18): TXA group: 10 mg/kg immediately before | o Sequence generation unclear
Sweden M/F=9/9; mean age(sd)=66(9.5) operation e Allocation concealment low
Control group (n=20): Control group: placebo e Blinding low
M/F=10/10; mean age(sd)=68(9.4) e Incomplete outcome data unclear
Blauhut 1994 30 patients undergoing cardiac surgery
TXA group (n=16): TXA group: 10 mg/kg 30 mins before skin | o Sequence generation unclear
Austria/Switzerland | M/F=13/3; mean age(sd)=62.5(2.2) incision, then 1mg/kg per hr for 10 hr after | ¢ Allocation concealment unclear
Control group (n=14): the beginning of surgery e Blinding unclear
M/F=11/3; mean age(sd)=62.7(2.6) Control group: no intervention (standard e Incomplete outcome data unclear
care)
Bulutcu 2005 50 paediatric patients undergoing cardiac
surgery TXA group: 100mg/kg after anaesthesia, e Sequence generation unclear
Turkey TXA group (n=25): 100mg/kg in pump prime and 100mg/kg | « Allocation concealment unclear
M/F=15/10; mean age(sd)=4.1(2.0) after weaning from CPB until skin closure | ¢ Bjinding unclear
Control group (n=25): Control group: no intervention (standard o Incomplete outcome data unclear
M/F=12/13; mean age(sd)=3.8(2.4) care)
Caglar 2008 100 patients undergoing myomectomy
TXA group (n=50): TXA group: Bolus of 10mg/kg during 10 e Sequence generation low
Turkey All F; mean age(sd)=34.2(5.5) min, 15 mins before incision, then e Allocation concealment unclear
Control group (n=50): continuous infusion of 1mg/kg/h 10 hrs e Blinding low
All F; mean age(sd)=36.5(2.6) Control group: placebo o Incomplete outcome data low
Casati 2004a 51 patients undergoing cardiac surgery
TXA group (n=26): TXA group: Bolus 1g in 20 mins after e Sequence generation low
Italy M/F=24/2; mean age(sd)=64(9) induction anaesthesia before skin incision | e Allocation concealment low
Control group (n=25): then continuous infusion of 400mg/h e Blinding low
M/F=21/4; mean age(sd)=60(9) during operation o Incomplete outcome data unclear

Control group: placebo
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Trial

Participants

Intervention and comparator

Risk of bias judgements

Casati 2004b

51 patients undergoing cardiac surgery
TXA group (n=26):

TXA group: 1g in 20 mins after induction

Italy M/F=20/6; mean age(sd)=64(12) anaesthesia before skin incision then : ZTI?::;E; ii:i;aatll:wznt :2x
Control group (n=25): infusion of 400mg/h during operation plus N
M/F=21/4; mean age(sd)=61(11) 500mg added to priming * Blinding low
Control group: placebo e Incomplete outcome data unclear
Chauhan 2003 120 paediatric patients undergoing cardiac
surgery TXA group: 10mg/kg after anaesthetic .
India TXA group (n=96): induction, 10mg/kg on CPB and 10mg/kg : ZTE)‘::;EE; ii:i;aatll:wznt ur;?;ar
M/F=71/25; mean age(sd)=4.4(3.6) after protamine reversal of heparin e
Control group (n=24): Control group: no intervention (standard * Blinding unclear
M/F=20/4; mean age(sd)=4.2(3.3) care) * Incomplete outcome data low
Chauhan 2004a 100 paediatric patients undergoing cardiac
surgery TXA group: 10mg/kg after anaesthetic .
India TXA group (n=50): induction, 10mg/kg on CPB and 10mg/kg : ZTE)‘::;EE; ii:i;aatll:wznt ur;?;ar
M/F=36/14; mean age(sd)=4.1(2.4) after protamine reversal of heparin e
Control group (n=50): Control group: no intervention (standard * Blinding unclear
M/F=35/15; mean age(sd)=4.2(2.1) care) * Incomplete outcome data low
Chauhan 2004b Paediatric patients undergoing cardiac surgery
TXA group (n=30): TXA group: single dose of 50mg/kg given e Sequence generation unclear
India M/F=24/6; mean age(sd)=3.3(2.9) over 30 mins after anaesthetic induction e Allocation concealment high
Control group (n=30): Control group: no intervention (standard ¢ Blinding unclear
M/F=20/10; mean age(sd)=4.3(3.3) care) e Incomplete outcome data low
Chauhan 2004c Paediatric patients undergoing cardiac surgery « Sequence generation unclear
TXA group (n=30): TXA group: 10mg/kg given over 30 mins « Allocation concealment high
India M/F=25/5; mean age(sd)=4.2(4.0) after anaesthetic induction, followed by e
Control group: as for Chauhan 2004b infusion of 1mg/kg for 8 hours * Blinding unclear
Control group: as for Chauhan 2004b * Incomplete outcome data low
Chauhan 2004d Paediatric patients undergoing cardiac surgery e Sequence generation unclear
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Trial

Participants

Intervention and comparator

Risk of bias judgements

TXA group (n=30): TXA group: 10mg/kg given over 30 mins e Allocation concealment high
India M/F=26/4; mean age(sd)=3.0(4.3) after anaesthetic induction, 10mg/kg on e Blinding unclear
Control group: CPB, and 10mg/kg after protamine e Incomplete outcome data low
as for Chauhan 2004b administration
Control group: as for Chauhan 2004b
Chauhan 2004e Paediatric patients undergoing cardiac surgery .
) e Sequence generation unclear
TXA group (n=30): TXA group: 20mg/kg after anaesthetic . .
. . . i o Allocation concealment high
India M/F=25/5; mean age(sd)=2.9(5.0) induction and 20mg/kg after protamine o Blindi unclear
Control group: as for Chauhan 2004b Control group: as for Chauhan 2004b Inaing
e Incomplete outcome data low
Chen 2008 55 patients undergoing head and neck surgery
TXA group (n=26): TXA group: Bolus 10mg/kg before incision, | ® Sequence generation low
Taiwan M/F=15/11; mean age(sd)=49.8(13.0) then continuous infusion of 1mg/kg/h e Allocation concealment low
Control group (n=29): during the operation e Blinding low
M/F=16/13; mean age(sd)=46.4(14.8) Control group: placebo e Incomplete outcome data high
Choi 2009 61 patients undergoing head and neck surgery
TXA group (n=32): TXA group: 20mg/kg bolus just before e Sequence generation low
Hong Kong M/F=10/22; mean age(sd)=23.9(6.1) surgery e Allocation concealment unclear
Control group (n=29): Control group: placebo ¢ Blinding low
M/F=11/18; mean age(sd)=22.8(4.5) e Incomplete outcome data high
Claeys 2007 40 patients undergoing hip arthroplasty
TXA group (n=20): TXA group: Single pre-op dose of 15mg/kg | ® Sequence generation unclear
Belgium M/F=5/15; mean age(sd)=73(8) as slow infusion 15 mins before surgery e Allocation concealment unclear
Control group (n=20): Control group: placebo e Blinding low
M/F=7/13; mean age(sd)=68(11) e Incomplete outcome data low
Coffey 1995 30 patients undergoing cardiac surgery .
. e Sequence generation unclear
TXA group (n=16): TXA group: Single pre-op dose of 15mg/kg .
: . . o Allocation concealment low
USA M/F=5/11; mean age=63.94 as slow infusion 15 mins before surgery « Blindi low
Control group (n=14): Control group: placebo inding
e Incomplete outcome data low

M/F=5/9; mean age=64.75
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Trial

Participants

Intervention and comparator

Risk of bias judgements

Corbeau 1995

61 patients undergoing cardiac surgery

TXA group (n=41): TXA group: 15 mg/kg between heparin e Sequence generation unclear
USA M/F=26/15; mean age(sd)=62.46(14.33) injection and beginning of extracorporeal e Allocation concealment unclear
Control group (n=20): circulation, 15mg/kg after protamine e Blinding unclear
M/F=16/4; mean age(sd)=63(15.59) injection e Incomplete outcome data unclear
Control group: placebo
Crescenti 2011 200 patients undergoing prostatectomy
TXA group (n=100): TXA group: 500mg, then infusion of e Sequence generation low
Italy All M; mean age(sd)=64(7.4) 250mg/h during operation e Allocation concealment low
Control group (n=100): Control group: placebo e Blinding low
All M; mean age(sd)=64(7.8) e Incomplete outcome data low
Dadure 2011 39 paediatric patients undergoing head and
neck surgery TXA group: 15mg/kg over 15 mins after
France TXA group (n=19): induction of anaesthesia, before skin e Sequence generation low
M/F=17/2; median age(range)=7 months (4- incision, then continuous infusion of e Allocation concealment low
15) 1ml/kg/hr until skin closure e Blinding low
Control group (n=20): Control group: placebo e Incomplete outcome data low
M/F=17/3; median age(range)=6 months(3-9)
Diprose 2005 123 patients undergoing cardiac surgery
TXA group (n=62): TXA group: 5g IV in 200ml volume at start | ® Sequence generation low
UK M/F=49/11; median age(range)=65 (40-81) of surgery o Allocation concealment low
Control group (n=61): Control group: placebo e Blinding low
M/F=52/8; median age(range)=65(32-82) e Incomplete outcome data high
Duran de la Fuente | 20 paediatric patients undergoing cranial
2003 surgery TXA group: 15mg/kg IV on anaesthetic e Sequence generation unclear
TXA group (n=10): induction, every 4 hrs during surgery and e Allocation concealment unclear
Spain M/F=3/7; mean age(sd)=6(1) every 8 hrs for 48 hrs after surgery e Blinding unclear
Control group (n=10): Control group: no TXA e Incomplete outcome data low

M/F=3/7; mean age(sd)=7(3)
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Trial Participants Intervention and comparator Risk of bias judgements
Ekback 2000 40 patients undergoing hip arthroplasty
TXA group (n=20): TXA.gro.up:. l:?olus of 1.0mg/kg. befgre « Sequence generation unclear
Sweden M/F=9/11; mean age(sd)=66.4(9.0) surgical incision, continuous infusion of .
. e Allocation concealment unclear
Control group (n=20): 1mg/kg/hr during 10 hr started .
M/F=11/9; mean age(sd)=65.6(8.8) immediately after 1st bolus dose, 2nd * Blinding low
bolus dose of 10mg/kg given 3 hr later * Incomplete outcome data low
Control group: placebo
Elwatidy 2008 64 patients undergoing spinal surgery
TXA group (n=32): TXA group: loading dose of 2g followed by | e Sequence generation high
Saudi Arabia M/F=21/11; mean age(sd)=51.56(19.08) continuous infusion of 100mg/h during e Allocation concealment low
Control group (n=32): surgery and for 5 hrs after operation e Blinding low
M/F=18/14; mean age(sd)=49.75(21.04) Control group: placebo e Incomplete outcome data low
Gai 2004 180 patients undergoing caesarean section
TXA group (n=91): TXA group: 1g lv infused over 5 mins, 10 e Sequence generation low
China All F; mean age(sd)=29.71(4.18) mins before incision e Allocation concealment unclear
Control group (n=89): Control group: no intervention (standard e Blinding unclear
All F; mean age(sd)=29.75(4.01) care) e Incomplete outcome data low
Garneti 2004 50 patients undergoing hip arthroplasty
TXA group (n=25): TXA group: 10mg/kg as a bolus at e Sequence generation low
UK M/F=NR; mean age(sd)=69.6(11.99) anaesthesia e Allocation concealment unclear
Control group (n=25): Control group: placebo e Blinding low
M/F=NR; mean age(sd)=67.6(11.4) e Incomplete outcome data low
Gobbur 2010 100 patients undergoing caesarean section
TXA group (n=50): TXA group: 1g 20 mins before surgery e Sequence generation unclear
India All F=NR; mean age(sd)=NR Control group: no intervention (standard e Allocation concealment unclear
Control group (n=50): care) ¢ Blinding unclear
All F; mean age(sd)=NR e Incomplete outcome data unclear
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Trial Participants Intervention and comparator Risk of bias judgements
Gohel 2007 100 patients undergoing caesarean section
TXA group (n=50): TXA group: 1g over 5 minutes, 20 mins e Sequence generation high
India All F=NR; mean age(sd)=24.30(3.65) before incision e Allocation concealment high
Control group (n=50): Control group: no intervention (standard e Blinding high
All F; mean age(sd)=24.89(3.99) care) e Incomplete outcome data low
Goobie 2011 46 paediatric patients undergoing head and
neck surgery TXA group: after induction of anaesthesia « Sequence generation low
USA TXA group (n=23): and before skin incision, loading dose of « Allocation concealment unclear
M/F=15/8; mean age(sd)=23 months(19) 50mg/kg as infusion over 15 mins, e
. . e Blinding low
Control group (n=20): followed by infusion of 5mg/kg/hr .
M/F=11/9; mean age(sd)=25 months(20) Control group: placebo * Incomplete outcome data high
Greiff 2011 63 patients undergoing cardiac surgery
TXA group (n=30): TXA group: 10mg/kg bolus injection e Sequence generation unclear
Norway M/F=18/12; mean age(sd)=77(4) before surgery, then 1mg/kg/h as infusion | e Allocation concealment low
Control group (n=33): during surgery e Blinding low
M/F=19/14; mean age(sd)=77(5) Control group: placebo e Incomplete outcome data low
Gungorduk 2010 660 patients undergoing caesarean section
TXA group (n=330): TXA group: 1g over 5 mins at least 10 mins | ® Sequence generation low
Turkey All F=18/12; mean age(sd)=26.3(3.5) prior to skin incision e Allocation concealment low
Control group (n=330): Control group: placebo e Blinding low
All F=19/14; mean age(sd)=26.6(3.6) e Incomplete outcome data low
Hiippala 1995 29 patients undergoing knee arthroplasty
TXA group (n=15): TXA group: 15mg/kg , 2/5 minutes before | ® Sequence generation low
Finland M/F=2/12; mean age(range)=70(56-82) tourniquet was deflated e Allocation concealment unclear
Control group (n=13): Control group: placebo e Blinding unclear
M/F=3/10; mean age(range)=70(63-78) e Incomplete outcome data high
Hiippala 1997 77 patients undergoing knee arthroplast . unclear
PP TXIl\ogroup (n=39):g ° P * Sequence generation unclear
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Trial Participants Intervention and comparator Risk of bias judgements
Finland M/F=4/35; mean age(sd)=70(7) TXA group: 15mg/kg just before e Allocation concealment low
Control group (n=38): tourniquet was deflated, further 2 doses e Blinding unclear
M/F=8/30; mean age(sd)=69(5) of 10mg/kg given during the operation day | e Incomplete outcome data
Control group: placebo
Horrow 1990 38 patients undergoing cardiac surgery
TXA group (n=18): TXA group: 10 mg/kg infusion over 20 min | ® Sequence generation low
USA M/F=NR; mean age(sd)=62(9) period followed by infusion of 1mg/kg for | e Allocation concealment low
Control group (n=20): 10 hours e Blinding low
M/F=NR; mean age(sd)=66(10) Control group: placebo e Incomplete outcome data low
Horrow 1991a 81 patients undergoing cardiac surgery
TXA group (n=37): TXA group: loading dose 10mg/kg over 30 | ® Sequence generation low
USA M/F=NR; mean age(sd)=65(11) mins after induction of anaesthesia, e Allocation concealment low
Control group (n=44): followed by 12 hr infusion of 1 mg/kg/hr e Blinding low
M/F=NR; mean age(sd)=64(10) Control group: placebo e Incomplete outcome data low
Horrow 1991b 78 patients undergoing cardiac surgery
TXA group (n=40): TXA group: loading dose 10mg/kg over 30 | ® Sequence generation low
USA M/F=NR; mean age(sd)=63(9) mins after induction of anaesthesia, e Allocation concealment low
Control group (n=38): followed by 12 hr infusion of 1 mg/kg/hr + | e Blinding low
M/F=NR; mean age(sd)=63(11) desmopressin e Incomplete outcome data low
Control group: placebo + desmopressin
Horrow 1995a Patients undergoing cardiac surgery
TXA group (n=24): TXA group: loading dose of 2.5mg/kg after | ® Sequence generation low
USA M/F=18/6; mean age(sd)=67(9.8) the induction of anaesthesia over a period | e Allocation concealment low
Control group (n=38): of 30 mins followed by a 12 hour e Blinding low
M/F=23/4; mean age(sd)=63(10.4) continuous infusion of 0.25mg/kg/hr e Incomplete outcome data unclear
Control group: placebo
Horrow 1995b Patients undergoing cardiac surgery « Sequence generation low
TXA group (n=22): TXA group: loading dose of 5.0mg/kg after « Allocation concealment low
USA M/F=19/3; mean age(sd)=61(9.4) the induction of anaesthesia over a period e
Control group: as for Horrow 1995a of 30 mins followed by a 12 hour * Blinding low
e Incomplete outcome data unclear

continuous infusion of 0.5mg/kg/hr
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Trial Participants Intervention and comparator Risk of bias judgements
Control group: as for Horrow 1995a
Horrow 1995c¢ Patients undergoing cardiac surgery
TXA group (n=21): TXA group: loading dose of 10mg/kg after « Sequence generation low
USA M/F=18/3; mean age(sd)=66(9.2) the induction of anaesthesia over a period « Allocation concealment low
Control group: as for Horrow 1995a of 30 mins followed by a 1 hr continuous N
infusion of 1.0mg/kg/hr * Blinding low
Control group: as for Horrow 1995a * Incomplete outcome data unclear
Horrow 1995d Patients undergoing cardiac surgery
TXA group (n=21): TXA group: loading dose of 20mg/kg after « Sequence generation low
USA M/F=18/3; mean age(sd)=66(9.2) the induction of anaesthesia over a period « Allocation concealment low
Control group: as for Horrow 1995a of 30 mins followed by a 12 hr continuous N
infusion of 2.0mg/kg/hr * Blinding low
Control group: as for Horrow 1995a * Incomplete outcome data unclear
Horrow 1995e Patients undergoing cardiac surgery
TXA group (n=27): TXA group: loading dose of 40mg/kg after « Sequence generation low
USA M/F=21/6; mean age(sd)=65(10.4) the induction of anaesthesia over a period « Allocation concealment low
Control group: as for Horrow 1995a of 30 mins followed by a 12 hr continuous N
infusion of 4.0mg/kg/hr * Blinding low
Control group: as for Horrow 1995a * Incomplete outcome data unclear
Husted 2003 40 patients undergoing hip arthroplasty
TXA group (n=20): TXA group: 10mg/kg bolus followed by e Sequence generation low
Denmark M/F=7/13; mean age=65 continuous infusion of 1mg/kg/hr for 10 e Allocation concealment low
Control group: (n=20): hrs e Blinding low
M/F=6/14; mean age=67 Control group: as for Horrow 1995a e Incomplete outcome data low
Isetta 1993 140 patients undergoing cardiac surgery « Sequence generation unclear
TXA group (n=70): TXA group: 15mg/kg before injection of « Allocation concealment unclear
France M/F=NR; age=NR heparin prior to CPB N unclear
Control group: (n=70): * Blinding low
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Intervention and comparator

Risk of bias judgements

M/F=NR; age=NR

Control group: no intervention (standard
care)

e Incomplete outcome data

Jansen 1999

Belgium

42 patients undergoing knee arthroplasty
TXA group (n=21):

M/F=5/16; median age(range)=70.7(62-80)
Control group (n=21):

M/F=3/18; median age(range)=71.0(64-84)

TXA group: 15mg/kg 30 min before
inflation of the tourniquet and surgery,
and again every 8 hrs for 3 days
Control group: placebo

e Sequence generation low
e Allocation concealment unclear
e Blinding low
e Incomplete outcome data low

Jimenez 2007

50 patients undergoing cardiac surgery

TXA group (n=24): TXA group: 2g pre and post surgery e Sequence generation unclear
Spain M/F=12/12; mean age(95% Cl)=66(63-70) Control group: placebo e Allocation concealment low

Control group (n=26): e Blinding low

M/F=15/11; mean age(95% Cl)=67(62-71) e Incomplete outcome data low
Johansson 2005 100 patients undergoing hip arthroplasty

TXA group (n=47): TXA group: 15mg/kg before start of the e Sequence generation low
Sweden M/F=25/22; mean age(sd)=68(8) operation e Allocation concealment low

Control group (n=53): Control group: placebo e Blinding low

M/F=28/25; mean age(sd)=69(7) e Incomplete outcome data low
Kakar 2009 50 patients undergoing knee arthroplasty

TXA group (n=25): TXA group: 10mg/kg just before e Sequence generation unclear
India M/F=7/18; mean age(sd)=62.78(13.48) tourniquet inflation followed by e Allocation concealment unclear

Control group (n=25): 1mg/kg/hr until closure of wound e Blinding low

M/F=7/18; mean age(sd)=66.69(5.88) Control group: placebo e Incomplete outcome data low
Karski 1995a Patients undergoing cardiac surgery

TXA group (n=49): TXA group: 10g over 20 minutes e Sequence generation unclear
Canada M/F=NR; mean age(sd)=59(3) Control group: placebo e Allocation concealment low

Control group (n=48): e Blinding low

M/F=NR; mean age(sd)=58(2) e Incomplete outcome data high
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Karski 1995b

Patients undergoing cardiac surgery

TXA group (n=50): TXA group: 10g over 20 minutes and : ZTE)‘::;EE; ii:i;aatll:wznt ur;cc)lve\:lar
Canada M/F=NR; mean age(sd)=63(1) another 10g infused over 5 hours e
Control group: as for Karski 1995a Control group: placebo * Blinding IC.)W
e Incomplete outcome data high
Karski 2005 312 patients undergoing cardiac surgery
TXA group (n=25): TXA group: 100 mg/kg over 20 minutes e Sequence generation low
Canada M/F=7/18; mean age(sd)=62.78(13.48) after induction of anaesthesia e Allocation concealment low
Control group (n=25): Control group: placebo e Blinding low
M/F=7/18; mean age(sd)=66.69(5.88) e Incomplete outcome data low
Katoh 1997a Patients undergoing cardiac surgery
TXA group (n=31): TXA group: infusion 100mg/kg over 20 e Sequence generation unclear
Japan M/F=22/9; mean age(sd)=63.7(1.5) mins after induction of anaesthesia and e Allocation concealment unclear
Control group (n=31): before CPB e Blinding unclear
M/F=22/9; mean age(sd)=64.7(2.1) Control group: no intervention (standard e Incomplete outcome data low
care)
Katoh 1997b Patients undergoing cardiac surgery
TXA group (n=31): TXA group: infusion 100mg/kg over 20 « Sequence generation unclear
Japan M/F=21/10; mean age(sd)=62.9(1.7) mins after induction of anaesthesia and « Allocation concealment unclear
Control group: as for Katoh 1997b before CPB and 50mg/kg infused over 20 N
mins after being weaned from CPB * Blinding unclear
Control group: as for Katoh 1997b * Incomplete outcome data low
Katsaros 1996 210 patients undergoing cardiac surgery
TXA group (n=104): e Sequence generation unclear
USA M/F=68/36; mean age(sd)=65(0.91) TXA group: 10g over 20 mins before o Allocation concealment unclear
Control group (n=106): incision ¢ Blinding low
M/F=80/26; mean age(sd)=63(1.2) Control group: placebo e Incomplete outcome data low
Kazemi 2010 64 patients undergoing hip arthroplasty « Sequence generation unclear
TXA group (n=32): TXA group: 15mg/kg given 5 mins pre-op . unclear
Iran M/F=23/9; mean age(sd)=46.6(16.2) Control group: placebo * Allocation concealment low
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Control group (n=32): ¢ Blinding low
M/F=20/12; mean age(sd)=45.4(17.2) e Incomplete outcome data
Kojima 2001 22 patients undergoing hip arthroplasty
TXA group (n=11): TXA group: bolus 100mg/kg over 20 mins | ® Sequence generation unclear
Japan M/F=6/5; mean age(sd)=56(4) after anaesthesia induction and prior to e Allocation concealment unclear
Control group (n=11): skin incision e Blinding low
M/F=8/3; mean age(sd)=60(2) Control group: placebo e Incomplete outcome data low
Kuitunen 2005 40 patients undergoing cardiac surgery
TXA group (n=20): TXA group: 15mg/kg after induction of e Sequence generation unclear
Finland M/F=NR; mean age(sd)=63(2) anaesthesia then infusion of 15mg/kg until | e Allocation concealment low
Control group (n=20): end of surgery and 15mg/kg added to ¢ Blinding low
M/F=NR mean age(sd)=65(2) pump prime of CPB circuit e Incomplete outcome data low
Control group: placebo
Kuitunen 2006 30 patients undergoing cardiac surgery
TXA group (n=15): TXA group: 10 min bolus of 1g in 100ml e Sequence generation unclear
Finland M/F=12/3; mean age(sd)=57(16) saline, given after operation e Allocation concealment unclear
Control group (n=15): Control group: placebo e Blinding low
M/F=11/4; mean age(sd)=61(11) e Incomplete outcome data high
Leelahanon 2002 101 patients undergoing cardiac surgery
TXA group (n=50): TXA group: 1000mg before sternotomy e Sequence generation unclear
Thailand M/F=NR; age=NR Control group: placebo o Allocation concealment unclear
Control group (n=15): e Blinding low
M/F=NR; age=NR e Incomplete outcome data low
Lemay 2004 39 patients undergoing hip arthroplasty
TXA group (n=20): TXA group: 10mg/kg bolus before surgery | ® Sequence generation unclear
Canada M/F=12/8; mean age(sd)=59.7(10.3) plus 1mg/kg/hr infusion until wound e Allocation concealment unclear
Control group (n=19): closure e Blinding low
M/F=13/6; mean age(sd)=53.6(12.8) Control group: placebo e Incomplete outcome data low
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Lin 2011 100 patients undergoing knee arthroplasty
TXA group (n=50): TXA group: 10mg/kg before deflation of e Sequence generation high
Taiwan M/F=6/44; mean age(sd)=69.2(6.3) tourniquet usually at end of wound e Allocation concealment high
Control group (n=50): closure e Blinding unclear
M/F=9/41; mean age(sd)=58.3(8.4) Control group: placebo e Incomplete outcome data high
MacGillivray 2010a | Patients undergoing knee arthroplasty
TXA group (n=20): TXA group: 1 dose of 10mg/kg over 10 e Sequence generation unclear
Dubai M/F=7/13; mean age(sd)=69.2(6.3) mins before deflation of tourniquet, 2nd e Allocation concealment unclear
Control group (n=20): dose of 10mg/kg given 3 hrs later e Blinding low
M/F=5/15; mean age(sd)=66(7.3) Control group: placebo e Incomplete outcome data low
MacGillivray 2010b | Patients undergoing knee arthroplasty
TXA group (n=20): TXA group: 1 dose of 15mg/kg over 10 e Sequence generation unclear
Dubai M/F=8/12; mean age(sd)=65(4.3) mins before deflation of tourniquet, 2nd e Allocation concealment unclear
Control group: as for MacGillivray 2010a dose of 15mg/kg given 3 hrs later e Blinding low
Control group: as for MacGillivray 2010a e Incomplete outcome data low
Maddali 2007 222 patients undergoing cardiac surgery
TXA group (n=111): TXA group: loading dose of 10mg/kg e Sequence generation low
Oman M/F=80/31; mean age(sd)=57.1(8.9) before incision, then continuous infusion e Allocation concealment low
Control group (n=111): of 1mg/kg/hr until end of CPB e Blinding low
M/F=72/39; mean age(sd)=58.2(8.3) Control group: placebo e Incomplete outcome data low
Mehr-Aein 2007 66 patients undergoing cardiac surgery
TXA group (n=33): TXA group: loading dose of 15mg/kg at e Sequence generation unclear
Iran M/F=NR; mean age(sd)=44(10) beginning of surgery, same dose before e Allocation concealment unclear
Control group (n=33): infusion of heparin at the end of surgery, ¢ Blinding low
M/F=NR; mean age(sd)=45(10) and after protamine infusion e Incomplete outcome data low
Control group: placebo
Menichetti 1996 48 patients undergoing cardiac surgery . unclear
TXA group (n=24): * Sequer?ce generation unclear
Italy M/F=12/12; mean age(sd)=55.2(8.6) * Allocation concealment high
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Control group (n=24): TXA group: 10mg/kg bolus then e Blinding low
M/F=13/11; mean age(sd)=61.0(9.7) continuous infusion of 3mg/kg/hr plus e Incomplete outcome data
10mg/kg in the CPB priming
Control group: no intervention (standard
care)
Misfeld 1998 24 patients undergoing cardiac surgery
TXA group (n=14): TXA group: 10mg/kg as bolus after e Sequence generation unclear
Germany M/F=14/0; mean age(sd)=56(7) heparinization then continuous infusion of | e Allocation concealment unclear
Control group (n=14): 1mg/kg/hr over 10 hrs e Blinding high
M/F=11/3; mean age(sd)=59(10) Control group: no intervention (standard | e Incomplete outcome data low
care)
Molloy 2006 100 patients undergoing knee arthroplasty
TXA group (n=50): TXA group: 500mg 5mins before deflation | e Sequence generation unclear
UK M/F=NR; age=NR of tourniquet and repeat dose 3 hrs later e Allocation concealment unclear
Control group (n=50): Control group: no intervention (standard e Blinding unclear
M/F=NR; age=NR care) e Incomplete outcome data low
Moret 2006a Patients undergoing cardiac surgery
TXA group (n=70): TXA group: 1g bolus after anaesthetic e Sequence generation unclear
Spain M/F=NR; age=NR induction then constant infusion of e Allocation concealment unclear
Control group (n=70): 400mg/h iv until end of surgery and e Blinding low
M/F=NR; age=NR 500mg on bypass e Incomplete outcome data unclear
Control group: placebo
Moret 2006b Patients undergoing cardiac surgery « Sequence generation unclear
TXA group (n=69): TXA group: 30mg/kg bolus after heparin .
. g . o Allocation concealment unclear
Spain M/F=NR; age=NR administration N
Control group: as for Moret 2006a Control group: as for Moret 2006a * Blinding low
e Incomplete outcome data unclear
Movafegh 2011 100 patients undergoing caesarean section .
) ) e Sequence generation low
TXA group (n=50): TXA group: 10mg/kg in 200ml saline « Allocation concealment unclear
Iran All F; mean age(sd)=37 (3.4) infused over 10 mins, 20 mins before e
Control group (n=50): beginning spinal anaesthesia * Blinding low
e Incomplete outcome data low

All F; mean age(sd)=27.6(4.1)

Control group: placebo
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Murphy 2006 100 patients undergoing cardiac surgery
TXA group (n=50): TXA group: 2g as a bolus before e Sequence generation unclear
Italy M/F=42/8; mean age(sd)=64.9 (7) sternotomy e Allocation concealment low
Control group (n=50): Control group: placebo e Blinding low
M/F=37/13; mean age(sd)=65.8(8.7) e Incomplete outcome data low
Neilipovitz 2001 40 adolescent patients undergoing spinal
surgery TXA group: 10mg/kg initial dose then .
Canada TXA group (n=22): infusion of 1mg/kg/hr until skin closure : ZTE)‘::;EE; ii:i;aatll:wznt ur:(cjlve\:lar
M/F=12/10; mean age(sd)=14.1 (2.1) Control group: placebo N
Control group (n=18): * Blinding low
M/F=5/13; mean age(sd)=13.7(2.5) e Incomplete outcome data low
Niskanen 2005 39 patients undergoing hip arthroplasty
TXA group (n=19): TXA group: 3 doses of 10mg/kg, one given | ® Sequence generation unclear
Finland M/F=6/13; mean age(sd)=66 (9.1) over 5-10 mins immediately before e Allocation concealment unclear
Control group (n=20): operation, next 2 given 8 and 16h after 1st | e Blinding low
M/F=7/13; mean age(sd)=65(8.2) injection e Incomplete outcome data unclear
Control group: placebo
Oertli 1994 160 patients undergoing surgery for breast
cancer TXA group: Post-operative administration « Sequence generation unclear
Switzerland TXA group (n=79): of 1g every 8 hrs for 5 days « Allocation concealment unclear
All F; mean age(sd)=58.1 (10.4) Control group: placebo .
Control group (n=81): * Blinding low
All F; mean age(sd)=59.4(14.6) e Incomplete outcome data low
Orpen 2006 30 patients undergoing knee arthroplasty
TXA group (n=50): TXA group: 15mg/kg at the time that e Sequence generation unclear
UK M/F=8/7; mean age(95% Cl)=73 (70-80) cement mixing commenced e Allocation concealment low
Control group (n=50): Control group: placebo e Blinding low
M/F=3/11; mean age(95% Cl)=69(63-74) e Incomplete outcome data unclear
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0Ozal 2002 100 patients undergoing cardiac surgery
TXA group (n=15): TXA group: Desmopressin + 10mg/kg e Sequence generation low
Turkey M/F=35/15; mean age(sd)=59 (4) loading dose over 30 mins before skin e Allocation concealment unclear
Control group (n=14): incision then 12 hrs of 1mg/kg/hr e Blinding unclear
M/F=38/12; mean age(sd)=61(7) Control group: Desmopressin only e Incomplete outcome data low
Penta de Peppo 30 patients undergoing cardiac surgery
1995 TXA group (n=15): TXA group: 10mg/kg within 30 mins of e Sequence generation unclear
M/F=12/3; mean age(sd)=60 (12) induction of anaesthesia then infusion of e Allocation concealment unclear
Italy Control group (n=14): 1mg/kg/hr for 10 hrs e Blinding unclear
M/F=13/2; mean age(sd)=63(7) Control group: no intervention (standard | e Incomplete outcome data low
care)
Pfizer 2011 80 patients undergoing surgery for long bone
fracture TXA group: 15mg/kg 15 mins before « Sequence generation unclear
India TXA group (n=40): surgery, followed by 2nd dose at 3 hrs .
M/F="“mostly male”; age range=18-44 later and a 3rd dose 3 hrs later ° Al_loc?tlon concealment unclear
: . e Blinding unclear
Control group (n=40): Control group: no intervention (standard
M/F="“mostly male”; age range=18-44 care) * Incomplete outcome data low
Pinosky 1997 39 patients undergoing cardiac surgery « Sequence generation unclear
TXA group (n=20): TXA group: 15mg/kg loading dose then « Allocation concealment unclear
USA M/F=12/8; mean age(sd)=62.6(2.1) continuous infusion of 1mg/kg/hr for 6 hrs e
Control group (n=19): immediately after induction of anaesthesia * Blinding low
M/F=15/4; mean age(sd)=60.6(2.5) Control group: placebo * Incomplete outcome data low
Pleym 2003 79 patients undergoing cardiac surgery
TXA group (n=40): TXA group: 30mg/kg as bolus in injection 5 | ® Sequence generation low
Norway M/F=34/6; mean age(sd)=63.6(9.9) mins before start of CPB e Allocation concealment unclear
Control group (n=39): Control group: placebo ¢ Blinding low
M/F=32/7; mean age(sd)=62.0(9.2) e Incomplete outcome data high
Sadeghi 2007 67 patients undergoing hip arthroplasty o « Sequence generation low
TXA group (n=32): TXA group: bolus of 15mg/kg at beginning . low
Iran M/F=3/29; mean age(sd)=51.81(25.7) of surgery * Allocation concealment low
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Control group (n=35): Control group: placebo e Blinding unclear
M/F=4/31; mean age(sd)=44.4(26.16) e Incomplete outcome data
Sekhavat 2009 90 patients undergoing caesarean section
TXA group (n=45): TXA group: 10 mins before incision e Sequence generation unclear
Iran All F; mean age(sd)=26.2(4.7) 1g/10mL infused over 5 mins e Allocation concealment unclear
Control group (n=45): Control group: placebo e Blinding unclear
All F; mean age(sd)=27.1(4.1) e Incomplete outcome data low
Senghore 1999 52 patients undergoing dental surgery
TXA group (n=45): TXA group: single dose 25mg/kg at e Sequence generation unclear
UK M/F=8/18; age range=16-39 induction of anaesthesia e Allocation concealment unclear
Control group (n=45): Control group: placebo e Blinding low
M/F=8/18; age range=16-39 e Incomplete outcome data high
Sethna 2005 44 adolescent patients undergoing spinal
surgery TXA group: 100mg/kg before incision then « Sequence generation unclear
USA TXA group (n=23): infusion of 10mg/kg/hr during surgery .
e Allocation concealment unclear
M/F=17/6; mean age(sd)=13.6(1.8) Control group: placebo N
e Blinding low
Control group (n=21): | | q low
M/F=13/8; mean age(sd)=14.0(2.0) * Incomplete outcome data
Shore-Lesserson 30 patients undergoing cardiac surgery
1996 TXA group (n=17): TXA group: 20mg/kg at skin incision then e Sequence generation low
M/F=10/7; mean age(sd)=68(13) infusion of 2mg/kg/hr for duration of e Allocation concealment unclear
USA Control group (n=13): operation e Blinding low
M/F=10/3; mean age(sd)=63(6) Control group: placebo e Incomplete outcome data high
Speekenbrink 1995 | 30 patients undergoing cardiac surgery .
) ) ) e Sequence generation
TXA group (n=15): TXA group: After induction of anaesthesia « Allocation concealment unclear
The Netherlands M/F=1/14; mean age(sd)=61(11) given bolus of 10mg/kg in 20 mins and N unclear
- . e Blinding
Control group (n=15): infusion of 1mg/kg up to total dose of | | q unclear
M/F=1/14; mean age(sd)=57(12) 1000mg * Incomplete outcome data low
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Control group: no intervention (standard
care)

Taghaddomi 2009a

100 patients undergoing cardiac surgery

TXA group (n=50): TXA group: bolus 1g before incision then e Sequence generation low
Iran M/F=38/12; mean age(sd)=54.7(10.9) maintenance dose of 400mg/h during e Allocation concealment low
Control group (n=50): surgery e Blinding low
M/F=34/16; mean age(sd)=60.3(10.2) Control group: placebo e Incomplete outcome data unclear
Taghaddomi 2009b | 40 patients undergoing spinal surgery
TXA group (n=20): TXA group: 15mg/kg 20-30 mins before e Sequence generation low
Iran M/F=10/10; mean age(sd)=40.4(7.64) skin incision then continued for e Allocation concealment unclear
Control group (n=20): 0.1mg/kg/min during the operation e Blinding low
M/F=9/11; mean age(sd)40.5(12.48) Control group: placebo e Incomplete outcome data low
Taghaddomi 2009¢c | 41 patients undergoing spinal surgery
TXA group (n=20): TXA group: 15mg/kg, 20-30 mins before e Sequence generation low
Iran M/F=15/5; mean age(sd)=68.0(11.0) skin incision then continued for e Allocation concealment unclear
Control group (n=21): 0.1mg/kg/min during the operation e Blinding unclear
M/F=16/4; mean age(sd)=65.8(11.8) Control group: placebo e Incomplete outcome data low
Tsutsumimoto 40 patients undergoing spinal surgery
2011 TXA group (n=20): TXA group: 15mg/kg in 100ml saline over | ® Sequence generation high
M/F=8/12; mean age(sd)=42.0(17.31) 15 mins before skin incision e Allocation concealment high
Japan Control group (n=20): Control group: placebo e Blinding unclear
M/F=9/12; mean age(sd)=42.6(10.42) e Incomplete outcome data unclear
Uozaki 2001 14 patients undergoing cardiac surgery
TXA group (n=7): TXA group: 50mg/kg before skin incision e Sequence generation unclear
Japan M/F=1/5; mean age(sd)=72.3(4.1) and after the start of CPB e Allocation concealment unclear
Control group (n=7): Control group: NR e Blinding unclear
M/F=3/3; mean age(sd)=63.3(5.3) e Incomplete outcome data low
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Vanek 2005 62 patients undergoing cardiac surgery

TXA group (n=32): M/F=16/16; mean TXA group: 1g before skin incision then e Sequence generation low
Czech Republic age(range)=68.4(64.6-72.2) continuous infusion of 200mg/h e Allocation concealment low

Control group (n=32): M/F=22/8; mean Control group: placebo e Blinding low

age(range)=68.9(65.8-72.0) e Incomplete outcome data high
Veien 2002 30 patients undergoing cardiac surgery

TXA group (n=15): TXA group: 10mg/kg given at conclusion of | ® Sequence generation low
Denmark M/F=4/11; mean age(sd)=70.5(9.5) surgery and again at 3 hrs later e Allocation concealment unclear

Control group (n=15): Control group: no intervention (standard e Blinding unclear

M/F=1/14; mean age(sd)=69.5(9.0) care) e Incomplete outcome data low
Wang 2011 231 patients undergoing cardiac surgery

TXA group (n=116): TXA group: bolus 1g before surgical e Sequence generation low
China M/F=93/23; mean age(sd)=60.5(8.0) incision, then infusion 400mg/h during e Allocation concealment unclear

Control group (n=115): surgery e Blinding low

M/F=102/13; mean age(sd)=60.0(8.5) Control group: placebo e Incomplete outcome data high
Wong 2008 147 patients undergoing spinal surgery

TXA group (n=73): TXA group: bolus of 10mg/kg after e Sequence generation low
Canada M/F=21/52; mean age(sd)=56.8(16.2) induction then maintenance infusion of e Allocation concealment low

Control group (n=74): 1mg/kg/hr until skin closure ¢ Blinding low

M/F=26/48; mean age(sd)=50.0(16.2) Control group: placebo e Incomplete outcome data unclear
Yamasaki 2004 40 patients undergoing hip arthroplasty

TXA group (n=20): TXA group: 1000mg administered 5 mins e Sequence generation low
Japan M/F=19/1; mean age(sd)=55.5(14.2) before start of operation e Allocation concealment unclear

Control group (n=20): Control group: no intervention (standard ¢ Blinding unclear

M/F=18/2; mean age(sd)=61.2(6.9) care) e Incomplete outcome data low
Yassen 1993 20 patients undergoing hepatic surgery « Sequence generation unclear

TXA group (n=10): . unclear
UK M/F=5/5; mean age(sd)=44.8(12.2) * Allocation concealment unclear
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Control group (n=10): TXA group: 10mg/kg loading dose at start | e Blinding low
M/F=4/6; mean age(sd)=49.6(14.2) of operation then infusion of 3mg/kg/h e Incomplete outcome data
until transfer to ITU
Control group: placebo
Zabeeda 2002 50 patients undergoing cardiac surgery
TXA group (n=25): TXA group: 10mg/kg after induction of e Sequence generation unclear
Israel M/F=20/5; mean age(sd)=65.6(9) anaesthesia followed by infusion of e Allocation concealment unclear
Control group (n=25): 1mg/kg per hr during the operation e Blinding low
M/F=18/7; mean age(sd)=65(13) Control group: placebo e Incomplete outcome data low
Zhang 2007 102 patients undergoing knee arthroplasty
TXA group (n=51): TXA group: 1g infused before deflation of | e Sequence generation unclear
China M/F=NR; mean age(sd)=68.14(9.05) tourniquet, then administration of 1g 3 hrs | e Allocation concealment unclear
Control group (n=51): later e Blinding unclear
M/F=NR; mean age(sd)=67.64(8.33) Control group: placebo e Incomplete outcome data unclear
Zohar 2004 40 patients undergoing knee arthroplasty
TXA group (n=20): TXA group: 30 mins before limb
Israel M/F=6/14; mean age(sd)=73(8) tourrm.quet deflated, boI}Js of 15mg/kg « Sequence generation low
Control group (n=20): administered over 30 mins then constant « Allocation concealment unclear
M/F=7/13; mean age(sd)=73(7) infusion of 10mg/kg/hr until 12 hrs after e
final deflation of limb tourniquet * Blinding unclear
Control group: no intervention (standard * Incomplete outcome data low
care)
Zonis 1996 82 paediatric patients undergoing cardiac
surgery TXA group: single dose 50mg/kg « Sequence generation unclear
Canada TXA group (n=40): Control group: placebo « Allocation concealment unclear
M/F=19/21; mean age(sd)=62.8 months(58.1) N
Control group (n=42): * Blinding I(.)W
e Incomplete outcome data high

M/F=21/21; mean age(sd)=52.6 months(51.2)
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Appendix M. Research Paper 2: Fixed effects meta-analysis of the effect of tranexamic acid on

surgical blood loss (all trials)

Trial Meta-analysis (fixed effect) Ratio (95% Cl) Weight (%)
Alvarez 2008 — 0.74 (0.62,0.89) 0.54
Armellin 2001 —— 0.60 (0.53,0.67) 1.25
Auvinen 1987 . 0.65 (0.40,1.08)  0.07
Benoni 1996 —_— | 0.42 (0.34,0.50) 0.49
Benoni 2001 — 0.76 (0.61,0.95) 0.37
Blauhut 1994 ——] 0.87 (0.63,1.20) 0.17
Bulutcu 2005 —_—1 0.87 (0.67,1.14) 0.25
Caglar 2008 — 0.76 (0.62,0.95) 0.38
Casati 2004a —_— 0.67 (0.52,0.86) 0.28
Casati 2004b —_— 0.70(0.52,0.93) 0.20
Chauhan 2003 —_— 0.56 (0.47,0.65) 0.72
Chauhan 2004a —— 0.72 (0.60,0.87) 0.49
Chauhan 2004b R 0.80 (0.56, 1.16)  0.13
Chauhan 2004c — 0.60 (0.42,0.88) 0.13
Chauhan 2004d —_— 0.47 (0.32,0.71) 0.11
Chauhan 2004e —_——— 0.57 (0.39,0.84) 0.12
Chen 2008 R 0.67 (0.45,0.98) 0.12
Choi 2009 P N — 0.70 (0.49,0.99) 0.14
Claeys 2007 _— 0.77 (0.64,0.91) 0.56
Coffey 1995 _ 0.61(0.43,0.88) 0.13
Corbeau 1995 e 0.71(0.58,0.88) 0.42
Crescenti 2011 ——— 0.72 (0.59,0.87) 0.45
Dadure 2011 —_— 0.77 (0.61,0.97) 0.33
Diprose 2005 —_— 0.60 (0.47,0.78) 0.27
Duran de la Fuente 2003 - 0.80(0.50, 1.28)  0.08
Ekback 2000 — 0.63 (0.52,0.76) 0.45
Elwatidy 2008 j 0.53 (0.33,0.85) 0.08
Gai 2004 | —— 0.82(0.73,0.93) 1.21
Garneti 2004 ! e 1.05(0.80,1.38) 0.23
Gobbur 2010 | —— 0.80(0.72,0.88) 1.77
Gohel 2007 Lo 0.79(0.75,0.83) 8.44
Goobie 2011 — 0.77 (0.61,0.97) 0.32
Greiff 2011 - 0.83 (0.59,1.17) 0.15
Gundorduk 2010 | - 0.82(0.77,0.87) 5.40
Hiipala 1995 — 0.54(0.41,0.71) 0.22
Hiipala 1997 —— H 0.46 (0.38,0.55) 0.53
Horrow 1950 —_— 0.65 (0.50,0.85) 0.24
Horrow 1991a e 0.70(0.63,0.77) 174
Horrow 1991b ——— 0.67 (0.56,0.80) 0.58
Horrow 1995a _ 0.71(0.45,1.12) 0.08
Horrow 1995b —t 0.91(0.68,1.22) 0.21
Horrow 1995¢ _ 0.62 (0.47,0.83) 0.20
Horrow 1995d R 0.70 (0.48,1.02) 0.13
Horrow 1995e B — 0.66 (0.50, 0.87) 0.23
Husted 2003 . 0.59 (0.31,1.14) 0.04
Isetta 1993 —_— 0.55 (0.43,0.70) 0.30
Jansen 1999 _— 0.46 (0.35,0.61) 0.23
Jimenez 2007 . 0.63 (0.36,1.11) 0.06
Johansson 2005 —_— 0.73 (0.62,0.86) 0.63
Kakar 2009 —_—— 0.49 (0.39,0.62) 0.31
Karski 1995a P — 0.65 (0.48,0.89) 0.18
Karski 1995b —e—‘a— 0.53 (0.38,0.75) 0.15
Karski 2005 — 0.67 (0.60,0.75) 1.51
Katoh 1997a _—— 0.65 (0.43,0.98) 0.11
Katoh 1997b _ 0.52(0.35,0.77) 0.11
Katsaros 1996 —— | 0.54 (0.47,0.62) 0.91
Kazemi 2010 —_— 0.70 (0.56,0.88) 0.35
Kojima 2001 —_— 0.68 (0.50,0.94) 0.18
Kuitunen 2005 —— 0.81 (0.68,0.96) 0.62
Kuitunen 2006 ! . 1.06 (0.78,1.44) 0.18
Leelahanon 2002 —_— 0.59 (0.47,0.75) 0.31
Lemay 2004 | ——1 0.87 (0.72,1.06) 0.47
Lin 2011 H —t 0.89 (0.76,1.03) 0.77
MacGillivray 2010a —_— 0.77(0.52,1.15) 0.11
MacGillivray 2010b — 0.53 (0.36,0.79) 0.11
Maddali 2007 - 0.64 (0.60,0.69) 3.33
Mebhr-Aein 2007 —Q— 0.67 (0.63,0.72) 3.94
Menichetti 1996 — 0.99 (0.71,1.39) 0.16
Misfeld 1998 — 0.53 (0.41,0.69) 0.25
Molloy 2006 | —e— 0.84(0.73,0.96) 0.96
Moret 20063 —_— o 0.76 (0.63,0.92) 0.47
Moret 2006b —— 0.72(0.58,0.88) 0.41
Movafegh 2011 —~— ; 0.49 (0.45,0.52) 3.38
Murphy 2006 P —e 0.91(0.77,1.08) 0.61
Neilipovitz 2001 —_—— 0.85(0.62,1.17) 0.17
Niskanen 2005 _— 0.71(0.55,0.92) 0.25
Oertli 1994 — 0.68 (0.56,0.82) 0.46
Orpen 2006 e 0.90 (0.66, 1.22) 0.19
Ozal 2002 o | 0.62 (0.60,0.63) 33.61
Penta de Peppo 1995 —_— 0.70(0.51,0.96) 0.17
Pfizer 2011 ! 0.30(0.18,0.52) 0.06
Pinosky 1997 _— 0.60 (0.46,0.79) 0.24
Pleym 2003 —— 0.61 (0.50, 0.74) 0.47
Sadeghi 2007 — 0.64 (0.56,0.73) 1.04
Sekhavat 2009 | —— 0.76 (0.69,0.84) 2.00
Senghore 1999 —— 0.76 (0.66, 0.87) 0.92
Sethna 2005 _ 0.62 (0.47,0.83) 0.22
Shore-Lesserson 1996 [ S 0.68 (0.47,1.00) 0.12
Speekenbrink 1995 _ e 0.68 (0.46,1.00) 0.11
Taghaddomi 2009a —_— 0.57 (0.49,0.66) 0.74
Taghaddomi 2009b —_— i 0.40 (0.28,0.58) 0.13
Taghaddomi 2009¢ —_————— 0.61(0.39,0.94) 0.09
Tsutsumimoto 2011 e — 0.73 (0.63,0.84) 0.85
Uozaki 2001 S . 0.67 (0.44,1.04) 0.09
Vanek 2005 —_—— 0.64 (0.52,0.80) 0.38
Veien 2002 —_—— 0.53 (0.40,0.71) 0.21
Wang 2011 o 0.73 (0.67,0.80) 2.45
Wong 2008 — 0.72 (0.57,0.90) 0.35
Yamasaki 2004 —— 0.79 (0.65,0.94) 0.52
Yassen 1993 - 0.55 (0.30,1.03) 0.05
Zabeeda 2002 _—— ! 0.36 (0.27,0.49) 0.19
Zhang 2007 — ! 0.45 (0.41,0.50) 1.98
Zohar 2004 —_—— 0.46 (0.32,0.64) 0.15
Zonis 1996 i — 1.10(0.85,1.43) 0.26
Overall . 0.66 (0.65, 0.67)  100.00
Test for effect:2=60.79, ;7<0.001 ‘

Heterogeneity: y=592.79, df=103, p<0.001,1>=83%
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Appendix N. Research Paper 2: Results of random effects meta-analysis of the effect of TXA on
blood loss stratified by type of surgery, timing of TXA administration, adequacy of allocation

concealment and type of comparator

Ratio* (95% ClI)

Test for effect

*back-transformed ratio (p value)
of geometric means
Type of surgery
Orthopaedic 0.64 (0.58 to 0.70) <0.0001
Cardiac 0.67 (0.64 to 0.70) <0.0001
Head & neck 0.75 (0.68 to 0.82) <0.0001
Obs & gynae 0.74 (0.63 to 0.86) <0.0001
Urological 0.72 (0.59 to 0.87) 0.001
Breast cancer 0.68 (0.56 to 0.82) <0.0001
Hepatic 0.55 (0.30to 1.03) 0.060
Timing
Pre-incision 0.69 (0.66 to 0.71) <0.0001
Post-incision 0.64 (0.57 t0 0.71) <0.0001
Allocation concealment
Yes 0.68 (0.64 to 0.72) <0.0001
Unclear 0.66 (0.63 to 0.70) <0.0001
No 0.73 (0.64 to 0.84) <0.0001
Comparator
Placebo 0.67 (0.64 to0 0.71) <0.0001
No TXA 0.66 (0.65 to 0.67) <0.0001
Overall 0.67 (0.65 to 0.70) <0.0001

Heterogeneity: x2=592.79, df=103, p<0.001,1>=83%
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ABSTRACT

Objectives: We sxamined whether appamen
redundancy in a cumulative mat-analysis of trials is
justifiod by concarn about bdas, random emor o

gens ralisabdity of tha results .

Desigm: Comutatne met-analysis, nsk of bias
assessmant, tnial sequential analysts, description of
study participants over time and 2 review of rationales
for conducting trials.

Data source: 126 randomised mals included in a
sysHmaElc reviw assessing of trangamic acid on
blood transfusion in surgary.

Results: Tha cumilstva mela-analysls ingluding all
trials shows thal the pooded estimate first reached
stfistical significance after he second triad in 1983,
When the analysis was limited to the 38 high-guality
trials and adjusied o account for potantial
systematic and random &mors, the moertinty was
resolved atter the Znd trial in 2008 When the
analysis was restricted 1o the twio high-guality,
prospectively registered trials, the cumulative Z-Curve
crossed p=0.05 bt not the mondloning boundary,
suggesting an early potentially spunous statistically
significan | result. As precision of the poolad
eslimate increased, the numbar of trials indiated
increased, although trial acthvity appeared 1o move 1o
othar surgery types. Mos! [62%) repons cited at
least one systamatic review. 01 118 repors
axaminad, concem about genaralisability was the
eason for indfiating the irial in 60%. Other masons
were to address a question other than the effect on
bleeding (26%) and 1o confirm previously observed
resulls (4%}, Unawareness of pravious research was
apparent in 4% triaks, while the rtionale was
unciear in 3%

Conclusions: Dur resulls indicate that poor guality
isa mome important cause of redundant research
than tha failum to roview existing evidencs.
Concems about ganeralisability of resulks is tha main
metivation for new tials. Contrary to prevous
claims, our results sugpest that systematic raviews

Strengths and limitations of this gudy

" S piodan st e o

INTRODUCTION
Results from  cumulative metz-analvses are
often cited a5 proof that many rescarchers
fail to sygematcally review the evidence from
cxiting mals before inidating new  mals.
For cxample, a cumulative metaanalysis of
aprotinin in cardiac surgf:q‘1 showed  that
trials were imitated long afier the pooled
ecstimates showed a satisteally significant
cftec . Commenting on the paper, Chalmers®
ohecrved that it “rompelingly demonstmtes why
all new rsemch—ohethe bade o applied—
shomld be designed i the Sght of scientifically
defemsible synthess of ecivting wsenwh  aidence
anid aeported setting the nae wearch n the light
of the tolality of the available svidence™. Similar
conclugons have been made on the basis of
other cunmlatwe meta-analyses,™

When the apparentdy redundant apmtnin

trials were conducted, sstemaric roviews were

Corespondanca fo showing treatmant effects can stimulate an increass

Katharina Kar; in trial activily rather than meduce it relatively uncommen and failure o review
kharing kenléshtm o uk the previows mials was a2 plausible
BHJ Ker K, Robers | B0 Open 20155009450, dot1 0.1 1360 mppen-2015-009460 1
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explanation for the redundancy. Howewr given the
increase in published reviews and their casy availabilicy,
lark of awareness of what has gone before is nowadaws a
le=s credible explanation for redundanoy We found that
secmingly redundant trials of the effert of trancxamic
acid {TXA} on bloed ransfusion were conducted even
though mamy of them cited a systematic review conclud-
ingg that the uncerainty had been resolved.” Habre ef af
toamd that 75% of tnals of an amacsthetic mervendon
cited 2 systematic revicw showing that the uncermingy
about its cffects had been resolved. They alse ohserved
that the number of new rials increased after publication
of the review and suggesied that the strong pressure to
publish and the Gilure of ethics committees o cnsure
the clinical relevance of new trials could be the main
TSI TS,

We considered two altermatve explanations for the
apparent redundancy. First the mialiss may be sceprical
about the resules of even seemingly conclsive reviews,
Such scepcism may arise from concems about system-
atc or mndom crrors digorting the results. Poor-gualing
mrizls can inrodnce bias and multiple satirical vsting as
new trials accumulate may increase the nsk of false
positive results Second, even in the absence of subsan-
dal bias or random ermor, there may be a reluctance o
genceralise trial results to differcnt patient groups. If this
were the case, stong cvidence of a treamment cffect
might be expected o lead to more wrial actvity mther
than less, as rescarchers ecxamine the impact of padent
o intervenon characteristics on the resules,

We ismed data from a cumulatve mo@-analysis of mials
cxamining the offect of TXA on blosd tmanshsion in
surgery, to cxplore whether deficiencics in the qualio of
thie evidence justify the contnuation of trial actovie. We
cxplored the impact of mial quality on effect egimates
and used iral scquental analyis o quandfy required
information siees and congnct monitoring boundarics
tn assess the risk of mndom error attecting the cumula-
ive cstimate. ‘We commined whether patient character-
istics changed over time and the reasons given by the
izl investgators for conduc ting their erial,

METHODS

Bystematic review

We exmacted dam from tials included in owr previoos
seematic review of TXA for surgical hleeding. The
methods wsed to idendfy mals are descrbed in detail
elsewhere.” Brietly, we searched for all mndomised con-
trolled  trials comparing TXA with placcho or a
no-reaiment control. We scarched the Cochrane central
register of controlled trals, MEDLINE, EMBASE and
the WHO Intemational Clinical Trials Regisory Platform,
using & combination of subject headings and ext words
to identify mandomised controlled trials of any antfibn-
nolyic drug  {see onling supplementary  file  for
MEDLINE search strategy), We updated our searches to
May 2014 to incorporate trials published snce the

original version of the review, Dam were extracted on
paticnt characteristics, type of surgery and the number
of paticnt who reccived 2 blood tansfison. We used
the Cochranc's wol for assessing dsk of hias in the
included trials.® We asessed the risk of bizs associated
with the method of scquence generation, allecaton con-
cealment, hlimling and the completeness of mncome
data. Trials were mred as being at high, low or unclear
riek of bizs for cach domain. We consdered rials with
adequate allocation concealment and blinded ouncome
asscssment o be at low risk of bias.

Analysis

Systematic review and meta-analyses

We calculated risk ratios (RRs) and 95% Cls to assess
the effect of TXA on blpod trandusion, We pooled the
data in a fixedcffect comulative meta-analsis hased on
date of publication. We conducted scparate meta-analysis
tor all trals, mials at low risk of bias and mals at low fsk
of hias that had prespecfied bleod trandision as
outcome on @ registration record,

Trial sequential analyses

We used trial sequential analyses (TSA) to examine the
reliahiline of the cumulative meta-anahsis. TSA involes
calculating the number of pamicipans (ic, infommation
size} required before the result of a meta-anahsis can be
considered reliable and constrects s@tigical monitoring
boundarics to account for ovpe 1 and [1 emors due w
multiple tesing” We conducted three analyses: (1) all
trizls, (2} wrials at low risk of bias and (3} prospectvely
registered, low risk of hizs mials with hlood ranshsion
as a prespecified outcome, We calculated the required
mictaana hsis information size assuming 2 ype 1 emmor of
5% and W% power, a bascline cvent rate of 40% and a
relative risk reduction of 15%. We choss a rehive sk
reduction of 15% 25 we judged this to represent 2 min-
imally climical imporant cffect. The csimate was
mz'l_]uﬂtl for maximum anticipated heterogencioy of
I"=75%,

We used Microsofi Excel, STATA V.13, RevMan
V5.8 M and the TSA Software V0.0 B2 for the analwes.

To explore the hypothesis thar reliable demonstration
of a treatment effect leads to an increase intrial activity,
we plotted the precision of the pooled effect esimate
{descobed by the SE of the cumulative pooled KR}
against the number of now trals inithwed (defined as
st date of recruitment) per wear We did this both for
all rials and for the subset of cardizc surgery wials.

‘We also plotied the publication date of cach trial strari-
ficd by anrgery wvpe.

We examined rial reports to cxplore the reasons
given for trial initiaton and categorised the reasons into
main themes,

Fimally, we explored how the sise and quality of mak
changed over time, We comparcd the mean sample size
and the proportion of mals at low risk of bias that were
published before and after the Cochrane swtcmatic

2
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review by Henry @ al' This sysiematic revicw was
chosen as it was the first and mos compre hensive review
conducted on the offect of TXA in surgical blecding,
The review was published in Ocmober 19949 We allowed
tor a Syear time lag tor the resuls of the revew to havwe
an impact on puhlished rescarch and compared wrials
published before and after 1 November 2004,

RESULTS
Systematic review and meta-analyses
We found 126 trials with 12420 patients of the effect of
TXA on blood ranstusion o surgery with data suiable
for anabysis. Ome mindred and twenty trals (95%) were
conducted in a single centre, The median ample size
was 749 patients (mange 1-660) The trials imoolwed
cardiac  (m=51}, orthopacdic (n=4), obacrric and
grmacoological (n=11), cranial (=0, wrological (n=3),
hepatic (n=2}, vascular (n=1) and abdominal (n=1} pro-
codures, Thirtecight (50% ) trals had adequate alloca-
ton conccalment and blinded outcome assessment and
were considered at low risk of bias. We identficd a clin-
ical trial registmation record for 24 (19% ) toals, Sic (5%)
irals had been prospectively registered, four (53%) of
whirh had prespecified blood trandusion as an outcome
and two of these (2%) were at low rsk of hias, Allowing
tor 2 12month publicaten tme lag, 110 of the 118
(95%) trial reports published as journal articles were
publishied when at least one swtematic review was avail-
ahle, Examination of the reference liss showed that 68
{62% ) cited one of the available sytematic reviews,
Based on all 126 included tnals, TXA adminigration
appearcd to reduce the risk of receiving a blood tansti-
sion by 38% (pooled RR=0,62; 0,59 1o (165 p<l), 0001},
The cumubtve estimate was s@tigically significant
{p=liE) after the second wrial (published n Augus
19445} and remained so thereafter, Based on data from
the 58 mials at low risk of bias, TXA appearced o reduce
the risk of receiving a hlood transfosion by 325 { pooled
BR=(L.68 (165 to (.75 p<OM}. The cumulative estimate
was fimst statigically significant after the fourth high-
queality izl b remained satstcally significant sfier the
sizth trizl, When the analysis was limited to the twe low
risk of bias, prospectively registered trals that prespeci-
tied blood vanshsion as an outcomes moasure, TXA
appearcd o reduce the rik of ransfusion by 21%
{pooled RR=.70; 0.71 to 0.87; p<0.001},

Trial seguential analyses
Figure 1 shows the resubts of the TSA, The required
information siae was catimated at 100 888 paticnts.

Bascd on data from all 126 wials, there appears o be
arong ovidence that TXA reduces the sk of blood
ransfusinn in surgery, The z-curee crosses the monitoe-
ing boundary before the heterogeneine-adjusted informa-
tion size is achicved when the 28th oial was poblished in
March 2001. Pror to this point, there were 26
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Figure 1 Rasults of trial saquential anaksas far (A) al friake,

(B) trials &t bow risk of bias and (C) low nisk of kias mals with
transtusion prespecified on prospectiva registration record. Far
aach analysis an information size is cakulaed on tha bags
assuming a=5%, =107, control group avent rate ol 40%,
ralative risk reducton of 15% and anticipated maximum
heterogeneity of F=75% Tha salid bilack ling llustales the
cumulafive z-curve, the solid gray line shows the thal
sagquantial monitoning boundary.

potentially spurons p ovalucs. Since the monitoring
boundary was crosced, a further 98 trials have been
published.

Bascd om the 58 low risk of bias triak, there appears
to be arong ovidence that TXA reduces blood mransfie
sion. The acurve crosses the monitorng boundary after
the 2%nd high-qualiey trial published in November
M. Pror o this point, there were 18 powentially
spurions p values, Since the monitoring boundary was
crossed, a further 15 high-quality trials have hoen
pu blished.

When the anahsis is restmicted to the two low risk of bias
trizts which had prespecified blood ransfision as an
oltcome, the zourw docs not cross the monitoring

Har B, Roberts | BMY Open 20155=008460. dok:10.11 36 hmjopan-201 5003450
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Figure 2 Pracision of the cumulative pooled astimates descrbad by the SE of the nsk mbos (RRs; laft hand axis) and the
number of frisls (5-yaar moving averages, nght hand axs) inilisled per yaar.

houndary and the heterogenein-adjusted information size
is mot & hicved. There is one potentally spurious p valoe.

Figure 2 shows the precision of the cumulatve pooled
estimate (SE of the log cumulative RR) and the number
of mals initated per year from 1991 to 2004, As the pre-
cision of the pooled estimate increases {ie, decrease in
the SE), the number of new trals initiated each vear
also increases. A similar pattern is ohserved for trials in
rardiac surgery { figure 5).

Figure 4 shows a tmeline of the publicaton of the
rizls, stratfied by surgery type. It appears that mials
were first conducted in cardiac surgery and shortly after-
wards in orthopacdic surgery. Trial activity then expands
tn other types of surgery namcly cranial, urologcal and
gynaccological argery

Oualitative review of tral justifications

Eight trials were reported in abstract or summary fomm
only leaving 118 tnals reported in sufficient dewil o
extract information on the mationale. A summary of the
cxtracted informaton is shown in @mble 1. Concems
aboat the generalisabilioy of the available ovidence was
wsed o justify 71 (60%) mals These tials sought o rep-
licate a previously observed beneficial cffect of TXA on
surgical bleeding but in 3 different group of patients,
such as those undergoing a different ope of surgical
procedure. Thimeone {(26%) thals were initdated o
answer a different rescarch question to the effect of
TXA on bleeding. Most of these irials were conducted
to cxamine the cftect of diferent doscs or tmings of
THA despic the inchsion of a placebo or no-TXA
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Figure 3 Pracision of the cumulative pooled estimates lor the effect of mnexamic acid in cardiac surgery described by the SE
of the risk ratios (RRs; left hand axis) and tha number of trials (5-year moving averages, nght hand axis) indated per year,
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Figure 4 Timaline of publication of thals of TXA stratified by type of surgary (TXA, tranexamic acid; O&G, cbsetic and

gynascological),

control group, Five (4%) trials appeared to have been
conducted because of a failure o synthesise prior cvi-
dence. The trial rationale was unclear in 4 (4% trials.

Comparigon of tials conducted before and after

pubilication of the Henry &f 2/ systematic review

Of the 126 trals, 47 (57%) were published before 1
Nowember 2004 compared with 70 (65%) published
afterwards up (o May 2004, The average sample size had
increased bemween the two periods (mean+50, G450 vs
1NO=10%; pO 0001}, A larger proportion of trials pub-
lished after Nowember 2004 were judged o be ar low
nisk of bias for both allocaton concealment and blind-
ing {12 (26%) vs 28 (35%); p=0.23).

DISCUSSION
Principal findings
We examined two hypotheses for the redundancy in a
curmulative meis-analyas, Fist, that despie the appar-
ently conclusive reaults, legitmate concerns 2bout bias
and random crror justified new wials. We found some
support for this. Mo mials were small, single centre, low
quality and hardly any were prospoctively regisered.
Kevertheless, when only high-quality mrials were consid-
ercd, with seps taken to reduce the risk of flsepositve
results, there remained srong ovidence  thar TXA
reduces transhsion.

Our sccond hypothesis was that new rials are cone
ducted because of concerns about the generalisabiliog of

the results, We found strong support for this Increasing
cvidence that TXA decreases the necd for blood manstie
sion resulted in more trial activity and not loss. The
changr in paticnt characterstics over tme and the mtic-
nales given by tnalists also indicate that generalisability
concerns motivited the new tfals. That over half of
trials cited at leas onc of the existing swiemabic Tevicws
suggests that ignomnee of the cxiting evidence docs ot
fully explain ongoing mal activity.

The avwerage sample siee of trials has increased, and
there is same suggestion that the quality of trals has
improved over tme.

Strengths and weaknesses
We examined rial repors o find the reasons amthors
gave tor conducting new trials. This process was incvit-
ably subjective and different assessors might hawe made
different judgements, Furthermore, wial reports might
not accuratcly reflect the radonale at trial inception. We
did not contact authors, although whether this would
havwe provided more reliable information is uncertain.
There are other, nonscicntific motivations, such as mon-
cary and arademic, for inidating 2 new toal which
would not be publically reported. Nevertheles, the
reasons given in trial reports are the openly given jusifi-
catinng that are accepted by the scientific commoumniry
and are therefore a reasnnable foos for review,

Chr mudy was based on clinical mials of TXA in
surgery, and the extent o which the rosults apply o
other topics is questonable, However, we haw abo

Kar K. Robers | BMY Oper 20 1552009460, dok10.11 36 bmiopan-201 5009460
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foamd that publication of a srgcmatic review showing
arong cvidence that TXA reduces monality in bleeding
trauma patients also resulied in increased trial activity
mther than less, A #WM swiematic review of TXA in
acute traumatc injury'® found no eligible wials even
thowgh TXA was commonly used in other bleeding con-
diions, The revwew  prompeed the  Clinical
Randomisation of an  Antifibrinolyoc  in Significant
Haemorrhage (CRASH2) mial which incheded 20211
hleeding trauma paticnts and showed thar TXA reduces
death duc to bleeding and all-cause mortaliy.™ The sub-
sequently  updated  review  included two  trials  and
reported  that the uncerminty had been resolved,’”
Nevertheles, some authors, pointing out that many of
the patents in the CRASH-2 mial were recruited from
hospitals in Africa, Asia and Latin America, questioned
whether the resuls can be applied in ‘modem” tranma
care. systems'” and  have initiated now clinical ials
rather than implementng the resals, ™ ™ Although sub-
gronp analyses show that the CRASH2 mial resulz do
not vary by geographical ion ™ two placcho-
controlled trals are underway,'® ™ Habre & of also
found thar publication of a conchsive revicw coincided
with increascd trial activity and that most new trials cited
thie conclusive roview,

There are other potentinl explanations for the con-
inuation of izl actviy that we have not explored.
Habre ef of suggested that redundant orials of an anacs-
thetic interventon may have boen motivated by the seli
interest of rescarchers wishing o gain more rescarch
publications. In relation o our snody, trials of the ofec
of TXA on blood mansfusion are relatively casy o
conduct, and since a oeatment offect is highly likely, it
would be an attractive topic tor rescarch.

Implications

Ohar results raise questions about the procss of scientfic
gencralisation. If there is song evidence that TXA
reduces blecding in cardiac amd ortho paedic surgery, is
it necessary o cxamine i offecr in obstetric surgerys
Rothman « af*" argues that the relucmnee to gencralise
resulis to populations that were not represented in the
orginal research confuses statisdcal and scientific infer-
cnce. Statisgical inference, the process of wsing ample
mformation to reach conclugons about the populabon
from which it was drawn, is helped by having a represen-
mtive sample. However, gencralising trial resuls involves
scientific mference, a process of reaching general con-
chsions about how a oeament works. The main pre-
refquisite for scientific mference is a2 biological insight
into the mechanism of action of the treatment and an
avarcness of the crrumsances that may be relevant to
this mechanism. Kather than using statigical reasoning,
it is more appropriate to wse hiclogical reasoning and
ask whether there is any good reason why TXA would
work differently in orthopacdic or urological surgery:

A further concern is the number of mappropriately
designed  trials, Thiz typically concems trials which
aimed to build on the existing lmowledge by comparing
different doses or timings of TXA, vt opied o include
& nedrcatment comparson group. The inchsion of a
noHICAMMC Rt comparison group in such mals is wasteful
and uncthical—failings that implicate both maliss and
the ethical review commitiees approving the mals In
this article, we forus on the potential cxplanations for
trizlists’ derision to inidate further trals of TXA, vet
there is also a queston regarding why patients continue
1o agree to participate in apparenty ‘redundane’ oials in
which there s 2 chance they will foregn receiving an
cffective wearment. We did not atempt 0 obtain the
patcnt informaton shees used in the tnials, and there
remaing an unanswered question regarding the extent o
which trial partcipants are made aware of the existing
cvidence as part of the conscnt giving process.

O results suggest that low-quality rials are a more
important cause of ‘research wasme” than the failure o
systermatically review the exising evidemce. When only
high-quality trizk are consdered, the number of statistic-
ally ‘redundant’ trials was roduced from 98 o 15 Most
trial reports clearly indicated an awarencss that TXA
had been shown o reduce blecding but sought o
cxamine its cffect in different oepes of surgeny. For this
oSN, MOMe SRematc revicws and greater attention o
cxisting reviews will only increase rescarch waste unless
detcrmined efforts are made o increase quality in the
form of adequaiel powered triak that are properly mn-
domised with adequate allocation concealment and
hlinding,
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Appendix Q. Research Paper 3: MEDLINE (Ovid) search strategy, 1950 to May 2014

10.
11.
12.
13.
14.
15.
16.

exp Antifibrinolytic Agents/

(anti-fibrinolytic* or antifibrinolytic* or antifibrinolysin* or anti-fibrinolysin* or
antiplasmin* or anti-plasmin* or ((plasmin or fibrinolysis) adj3 inhibitor*)).ab;ti.

exp Aprotinin/

(Aprotinin* or kallikrein-trypsin inactivator* or bovine kunitz pancreatic trypsin inhibitor*
or bovine pancreatic trypsin inhibitor* or basic pancreatic trypsin inhibitor* or BPTI or
contrykal or kontrykal or kontrikal or contrical or dilmintal or iniprol or zymofren or
traskolan or antilysin or pulmin or amicar or caprocid or epsamon or epsikapron or
antilysin or iniprol or kontrikal or kontrykal or pulmin* or Trasylol or Antilysin Spofa or
rp?9921 or antagosan or antilysin or antilysine or apronitin* or apronitrine or bayer a?128
or bovine pancreatic secretory trypsin inhibitor* or contrycal or frey inhibitor* or gordox
or kallikrein trypsin inhibitor* or kazal type trypsin inhibitor* or (Kunitz adj3 inhibitor*) or
midran or (pancrea* adj2 antitrypsin) or (pancrea* adj2 trypsin inhibitor*) or riker?52g or
rp?9921or tracylol or trascolan or trasilol or traskolan or trazylol or zymofren or
zymophren).ab;ti.

exp Tranexamic Acid/

(tranexamic or Cyclohexanecarboxylic Acid* or Methylamine* or amcha or trans-4-
aminomethyl-cyclohexanecarboxylic acid* or t-amcha or amca or kabi 2161 or transamin*
or exacyl or amchafibrin or anvitoff or spotof or cyklokapron or ugurol oramino
methylcyclohexane carboxylate or aminomethylcyclohexanecarbonic acid or
aminomethylcyclohexanecarboxylic acid or AMCHA or amchafibrin or amikapron or
aminomethyl cyclohexane carboxylic acid or aminomethyl cyclohexanecarboxylic acid or
aminomethylcyclohexane carbonic acid or aminomethylcyclohexane carboxylic acid or
aminomethylcyclohexanecarbonic acid or aminomethylcyclohexanecarboxylic acid or
aminomethylcyclohexanocarboxylic acid or aminomethylcyclohexanoic acid or amstat or
anvitoff or c1?65336 or cl65336 or cyclocapron or cyclokapron or cyklocapron or exacyl or
frenolyse or hexacapron or hexakapron or tranex or TXA).ab,ti.

exp Aminocaproic Acids/ or exp 6-Aminocaproic Acid/

(((aminocaproic or amino?caproic or aminohexanoic or amino?hexanoic or epsilon-
aminocaproic or E-aminocaproic) adj2 acid*) or epsikapron or cy-116 or cy116 or epsamon
or amicar or caprocid or lederle or Aminocaproic or aminohexanoic or amino caproic or
amino n hexanoic or acikaprin or afibrin or capracid or capramol or caprogel or caprolest
or caprolisine or caprolysin or capromol or cl 10304 or EACA or eaca roche or ecapron or
ekaprol or epsamon or epsicapron or epsilcapramin or epsilon amino caproate or epsilon
aminocaproate or epsilonaminocaproic or etha?aminocaproic or ethaaminocaproich or
emocaprol or hepin or ipsilon or jd?177or neocaprol or nsc?26154 or tachostyptan).ab,ti.
lor2or3ord4or5or6or7or8

randomi?ed.ab,ti.

randomized controlled trial.pt.

controlled clinical trial.pt.

placebo.ab.

clinical trials as topic.sh.

randomly.ab.

trial.ti.
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17. 10or11or12o0r13or14or 150r 16
18. (animals not (humans and animals)).sh.
19. 17 not 18

20. 9and 19
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Appendix R. Research Paper 3: Results of random effects meta-analysis of the effect of TXA on
blood loss stratified by type of surgery, timing of TXA administration, adequacy of allocation

concealment and type of comparator

Ratio* (95% ClI) Test for effect
*back-transformed ratio (P value)
of geometric means

Type of surgery

Orthopaedic 0.64 (0.58 to 0.70) <0.0001

Cardiac 0.67 (0.64 to 0.70) <0.0001

Head & neck 0.75 (0.68 to 0.82) <0.0001

Obs & gynae 0.74 (0.63 to 0.86) <0.0001

Urological 0.72 (0.59 to 0.87) 0.001

Breast cancer 0.68 (0.56 to 0.82) <0.0001

Hepatic 0.55 (0.30 to 1.03) 0.060
Timing

Pre-incision 0.69 (0.66 to 0.71) <0.0001

Post-incision 0.64 (0.57 t0 0.71) <0.0001
Allocation concealment

Yes 0.68 (0.64 to 0.72) <0.0001

Unclear 0.66 (0.63 to 0.70) <0.0001

No 0.73 (0.64 to 0.84) <0.0001
Comparator

Placebo 0.67 (0.64 to0 0.71) <0.0001

No TXA 0.66 (0.65 to 0.67) <0.0001
Overall 0.67 (0.65 to 0.70) <0.0001
Heterogeneity: x¥2=592.79, df=103, p<0.001,1>=83%
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ABSTRACT

Background

Uncontrolied bleeding i an important cause of death in trawma vicims. Amifibrinobyic vrearment bas been shown te reduce biood
Loss following surgery and may also be effective in reducing blood loss following trauma.

Dibjectives

To quantify the effects of antifihrinolyic dmgs on monalioy, vasoolar occhmsive events, surpical inervention and receipt of biood
transfusion after acie trasmatic injury.

Search methods

We searched the PubMed, Science Citation Index, MNational Research Repister, Zewe, SIGLE, Global Health, LILACS, and Current
Congrolled Trials to March 2004 and the Cochrane Injuries Group Specialised Register, CENTRAL, MEDLINE and EMBASE o
July 2016,

Selection criteria

We induded all mndomised controlled trials of antifbrinolytic apenes (aprotinin, taneamic sod [TXA] and epsilon-amanoaproic
acid) following acute fraumstic injury:

Data collection and analysis

Thie titles and abseracts identified in the elemonic seanches ware screaned by two independent authors to identify studies that had the
potential w0 meet the incusion criteria. The full reports of all such siudies were obtained. From the resulis of the screened elecinonic
searches, biblioprapliic searches, and contacs with experts, two authors independently selacted trials meeting the indusion criverie

Main resulis

Four trials met the inclusion criteria, incduding 20,548 mndomised patients. Two trials with 3 combined toral of 200451 patients
assessed the effects of TX0A on morality TXA reduced the risk of death by 10% (RE-0.90, 95% CI 0.85 to 0.97: P-0.0035). Data
from ong trial involving 20,211 patients foand that T2A reduced the risk of desth due s bleeding by 15% (RR-0085, 95% CI 076 1o
0.96: P0.0077). There was evidence that early trestment (=3 howrs) was more effeciive than Late ereatment (=3 hours). Thees was no
evidence thar THA increased the risk of vasoular occlosive events or need for surgical intervention. There was no substantial difference
in the receipt of blood ransfusion berween the T20A and plicebo proups. The two trials of aprotinin provided no reliable dara.

Ancifibrinabysic drugs for acuts traumasic injury (Roviow) i
Copyright © 1011 The Cochrans Collaboration. Publishod by John Wiley & Sons, Led
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Authors’ cond usions

Tranexamic acid safely reduces moralivy in bleeding trauma patients withour increasing the risk of sdverse evemts. TXA should be
given as early a5 possible and within three howrs of injury, a5 resiment lazer than this & unlikely ro be effective. Further trials 2re needed

to determing the effects of TXA in pasients with ssolated rraumaric brmin mjury.

PLAIN LANGUAGE SUMMARY
Blood-clot promoting drugs for acute traumatic injury

Injury is the second leading canse of death for peaple aped five to 45 yeers. Over three million peaple worldwide die of injuries every
vear, often because of extensive blood loss. Antifibrinolyric drags promeaote blood dowing by preventing blood clows from breaking down.
Some examples of antifibanolviic drups are aprotinin, franexmic acd (TXAj and epsifon-aminecproic acid. Dioctors sometimes give
these drupgs 1o parients having surgery 1o prevent blood loss. They appesr 1o have few momplicetions. These drops miphe alse stop blood
liocss i seriously injured patients and, as a resuli, save lives

The surhers of tis review searched for randomised wials assessing the effects-of antifibrinolytics in tranma patiems. When the review
was first done in 2004 the results of the research wese inconclusive. Since then, two new trials of TXA, one invobving over 20,000
patients, have been completed. The resulis of this new research show char when piven earby, TXA reduces the risk of deach compared
to patients who do not receive TXA withomt increasing the risk of sde events. The review now includes data from 20,548 people who

took part in foor mwials.

“Two small prials of aprotinin were also found although they provided no reliable data

The suthors conclude that TXA can safély reduce death in bleeding rraimma patiests. They suppes: that fumre triaks should explore the
effects of THA in patiems with traumatic brain injury with no other trawma,

EACKGROUND

Description of the condition

For people aped five w45 years, trauma is second onby w HIVY
AIDS a5 3 caise of desth. Exch year, worldwide, about three mil-
lion people die as 2 result of tanma (Murray 199&), many after
reaching hospital. Among trauma patients who do survive to e
hospital, exsanpuination is @ commaon ciuse of death, sooouming
for nearly half of in-hospital trauma deschs in some settings {5z
1995}, Central nervons system injury and mudti-organ failuse ac-
coumnt for most of the remainder, both of which can be exacerbared
by severe bleeding (BTF 2000).

Clotting belps 1o maintain the imeprity of the cirmlatory sys-
tem after vascular injury, whether tranmatic or surpical in origin
(Lawson 2004). Major surpery and trouma trigger simifar haeme-
static responses and the consequent massive blood loss presents an
extreme challenpe w the coapulation system. FPart of the response
to surgery and trouma in any patient, is stimulation of dot break-
down (ftbrimolysis) which may become pathological (hyper-fibri-

molysis) in some casss. Antifibrinobytic agents have been shown to
reduce blood loss in patients with both normal and expperated
fibrinolytic responses w swrpery. withowt apparently increasing the
risk of post-nperative complicat ions,

Description of the intervention

Antifibrinolytic agents are widely used in major surgery o prevent
fibrinolysis and redoce surpical blood loss. A recent systematic re-
view (Henry 2011) of mndomised controllad trials of anrifibri-
nolytics {mainly aprotinin or tranexamic acid [TXAJ) i elective
surgical patienss showed that antifibrinolytics redoced the mum-
bers needing rranshsion by one third, reduced the volume needed
per transfision by one unit. and halved the need for further surgery
to conirol bleeding. These differences were all smtistically sipnif-
icant ar the P<0.01 leve, Specifially, aprotinin reduced the e
of blood transhssion by 34% (relative risk [RR]-0.66: 5% con-
fidence interval [CI] 0.60 to0.72) and TXA by 39% (RR-0.61:
95% CI0.53 o 0.70). Aprotinin wse sved 102 onits of red biood
celis (RBCs) (5% C10.79 po 1.26) in those requiring wansfusion,

Antifibrinolytic dregs for acsts traumatc injury

{Reviaw]
Copyright © 1012 Tha Cochrane Collaboration. Publishad by fohn Wiley & Sons, Ltd
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and TXA use saved (.87 unit (95% C10.53 1o 1.240). Therewas a
non-sipnificant reduction in mortality with both aprotinin (RR-
0.81:95% C10.63 o 1.06) and THA (RR-0.60; 95% CI 033 w0
110}

How the intervention might work

Becawse the oospulation sbnormalities thar ocowr affer injury
are similsr o those afier surpery, it 5 possible thar anifibri-
nofytic apents might alse raduce blood loss and morality following
rranma. A simple and wadely practicable intervention thar reduced
blood foss following mrawma might prevent rens of thousands of
premature desths. A reducion in the need for transfision would
also have imporane public health implications. Blood is 2 scarce
and expensive resource and major concems remain about the risk
of transfusion-transmitted infection. Trawms is panimbarly com-
mon in parts of the wodd where the safery of blood transfusion
cannot be assured. A recent study in Ugands estimated the popu-
lsticn-anmiburable fraction of HIV aoquisition 2s @ result of hlood
transfusion 1o be around two percent (Kiwanuka 2004) aldwuph
some estimates are much higher (Heymann 1992).

OCBJECTIYES

To quantify the effect of antifibrinelytec drgs on mortality, vas-
cular coclusive events, surpicl intervention and receipt of blood
transfusion after acwbe trasmestic anjurny.

METHODS

Criteria for considering studies for this review

Types of studies
Randmmised controlied trials (ROCT), as per the following defini-

tha.
RCT: A study imvolving ar least one intervention and one con-
trel treatment, conourrent enrolment and follow-up of the inter-
vention and control groups, and in which the interventions 1o be
tested are selected by 2 random process, such as the use of 2 ran-
dom numbers table (ooin fips are also acceprable). IF the sindy
author{s) suts eplicitly (usmlly by using some variant of the wrm
‘random’ to describe the allocation procedure nsed ) thas the groups
compared in the trial were established by andom allocation, then
the trial is dassified 25 an RCT.

Types of participants

People of any ape following aome wraumatic injury:

Types of interventions

The interventions considered are the amifibrinolytic agents: apro-
timin, rasexamic aod (TXA) and epsilon-amincecaproic. acid
{EACA).

Types of outcome measures

Primary outcomes
» Mortality 2t the end of the follow up.

Secondary cutcomes

» Mumber of patients experencing an adverse evant,
specifically vascular occhusve events (myocandial infarcion,
stroke, deep vein thrombosis or pudmonary embaolisn).

+ MNumber of patients underpoing swrpical intervention,

w Mumber of patients receiving blood transfusion.

+ Volume of blood transfosed [unis).

Search methods for Identification of studles
Searches were not restricied by dare, langnage o publication sutus

Electronic searches

We searched the following elecironic dambases
» Cochrans Injuries Group's Specialised Register {searched
July 2010)
» Cochrane Central Regster of Controlled Trials Isiue 3,
2010 { The Cachrane Library)
« MEDLINE {1966 to july week 2, 2010)
PubMed (searched March 17, 2004)
EMBASE (1980 to week 28, July 2010)
Science Citation Index {searched March 17, 2004)
Mateonal Research Repster (msue 1, 2004)
Fetoc {searched March 17, 2004)
SIGLE (searchee March 17, 2004)
Global Health (searched March 17, 2004)
LILACS {searched March 17, 2004)
Currenn Conrofled Trials (searched ®arch 17, 2004)

The search strategies used in che latest update ase listed in full in
Appendix 1.

Antifibrinobytic drugs for acute traumatic injuery
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Searching other resources
All references in the identified triaks and hackground papers werne
checked and study authors contaced o identify relevant published

and unpobfished datz. Pharmacourical companies were contacred
in 2004 1o obtain information on ongoing trals,

Data collection and analysis

Selection of studies

The ritles and abstraces identafied in the dearonic searches were
acreened by two independent suthors to identify studies that had
the potential 1w meet the inchasion eriteria. The full repors of 2l
such smidies were obtained. From che results of the screened alec-
tronit searches, hibdiopraphic searches and contaces with experts,
rwo suthoms independently selecied trials meeting the indusion
criteris. There were no disapreements on smdy inchusinn.

Data extraction and management

Twn authors independently extracied information on the follow-
mp: number of rndomised participants, types of participants
and rypes of inmerventions. The ourcome dots soupfit wee: num-
bers of desths in each group, numbers with vascular ocdusive
events, numbers requinng surprcal intervention, and the zmount
of blood transfused. [nformation on loss o follow-up, blinding,
and whether an intention-to-treat analhyss was performed was also
extraced. The suthors were not blinded 1o the authors or journal
when daing ths. Resuls were compared and differences would
have been resolved by discussion had there been any, Where then
was insufficient informasion in the published report, weartempted
to contact the authoss for darification.

Aszessment of risk of bias in included studies

Two authors assessed the risk of bias for allocation conceslment.
Each trial was asessed as being at high, low or undlear risk of bias
aconading 1o the critera presented in Higgins 2008,

Aszesement of heterogeneity

The presence of hetzmgensity of the observed rearment effecs
were asessed using the 17 statistic, which describes the percent-
ape of il vaniaton sooss smdies doe 1o hereropeneaty rather
than chance. A value of 0% indicites no observed heteropensiny,
and larper values show incressing heterogensing: substantal hes-
ercpenzity is considered 1o exist when I >50% [Hipgins 2008).
The following wens specifiod a-prioni as faciom thar could explain
any observed hereropensiny: adequacy of allscation concaslment:
injury severiry based on the injury severity score (an 155 of preater

than or equsl w0 16 defines the severely injured sma): and ac-
cording to whather the study popuistion induded predominantly
bilunt ar penetrating trasma.

Aszzeszment of reporting blases

We planned to investipate the presence of repormang (publicstion)
bias using funned plots, bewever ther were wao few included smd-
ies o enable meaningful analysis,

Data synthesis
Risk ratios (RR) and 95% confidence intervals (959 CI) were
calowdared. The risk ratic was chosen because it & more readily
applied va the clinical situxion. For transfsion volumes, the mean
difference (MDY} in che units of blood transfused were aloolated
with 95% CL.

Subgroup analysis and investigation of heterogensity
We planned to conduct subproup analyses o explore whether ef-
foct siwes vary acconding to the type of aniifibrinolytc agent and
the dosing regmen. However these were too few trials for such
analysas.

RESULTS

Description of studies

Searches conducted in April 2004 identified a total of 819 reoomds.
These were screened by owo suthors and the fill texts of nine
potentially eligible reports were obained for closer examination.
Ofthienine porentially eligible repaorts; owo trials met the incusion
criterii. Two further trials were identified in an opdsted search
conducted in fuly 2000, In suwmmary, foar randomised conrolied
trials including 20,548 mndomisad patients have been identified
=5 meeting the inclision criteria and ane induded in this eview

Tranexamic acid

Tiwn trials compared TXA with placebo in trauma patients. The
CRASH-2 2000 recroited 30,211 tranma patients with. orm risk
of, sipnificant haemorrhapge. A trial in Thaifand Ciechakasemsn
J0W) recoited 240 wauma patients with moderae we severs
traumatic bmin injury. As of November 2012, the Thai trial
Yurthakasemsunt 3000 was only available 15 an shstrace with pub-
lication of the full trial report pending, The rial has been induded
based on the data mported in the ahstrac. The full tral data will
he incorporated into this systematic review once the full wial re-
port is available.

Antifibrinobytic drugs for acute traumacic injury (Raviow)
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Aprotinin

Two trizls compared the effects of aprotinin with placebo in trauma
patienis. One tral (Aner 1979) involbved 20 patients with severs
hiad injury, and one (Mchichan 1982) invelved 77 patients with
acombination of hypovolaemic shock and major fractures of either
the lower limb, pebvis or both.

See "Characieristics of included studies” for further decaifs.

Risk of bias In Included studles

The CRASH-2 2000 trisl was judped to be at low risk of bias.
It was a large randomised comtrolled trisl involving 20,201 adult
trauma patients who wese randomly allocased 1o receive THA or
placebo. TXA and placebo were packaped in identical ampoules
Hospirals with reliable telephene sccess used 2 1elephone randomi-
sation service, hospils withow used a local pack symem; alloc-
tion conceafment was adequeate. Participants and erial swaff were
blinded to treatment allocation: Over #3% of patients were fol-
lowed np.

There was insufficient information presented in the abstract o
assess the risk of bizs of the trial by Yutthakasemsumt 2000

The trial by Auer 1977 was described as double blind. The ade-
quacy of alloction concealment was unclear. However, after ran-
domly allocating the first 20 patients, five patients were added 1o
the aprotinin proup. Because it was not possibde 10 sepanue the
outoome data for the 20 randomised 2nd the five non-andomised
paticmts, this study provided no useable owcome dara.

In the mndomised controflad rial by McMichan 1982 the apro-
tinin and plceho were prepared in “similar ampoades”. All am-
poules were in boxes of 50, with a code number ssipned m cach
box. The natume of the content of the ampoules was not known
any of the investigators nor to the attending physicians. The codes
were not broken until the end of the snudy. There were seven post-
randomisation exclusions from the smady in which there were thres
deaths. These three deaths were excduded because they ocourmed
within the fist 24 hours (it is oot dear whesher or not this was
specified in the smdy protocol). Three patienss refused the rial
investigations, and one patient was ansterred o another hospial
for specialist tremment of quadriplegia and later died.

Effects of Interventons

Tranexamic acid versus placebo

Martality

Both the CRASH-2 2000 trial and the erial by Yorthalssemsum
2010 reported mostality data.

All-case morality was significantly reduced with tranexamic acid
(pooled risk ravie (RE) 090, 95% C1 0.85 1o 0.07: P-0.005:
Anabysis 1.1). Ther was no evidence of suistical heteropeneity
(Chi?-0.77, df-1 (P-0.38); 17-09).
The CRASH-Z 201 0 also presented mortality data by cause. The
risk of death due to bleeding and myocardial infarction were sig-
nificantly reduced with TXA. There were no statistically spnifi-
want differences in the nsk of desth from other cinses:

- El-aeding: RE 085, 95% CI 0.76 to 0.9%: P-0L00O77

+ Myocardial infarction: RR 032, 95% C1 0014 (00.7% P-
0.0053

» Vascular occlusion: BR 0,69, 05% C1 044 o 107 P-0.096

+ Smoke: RE 1.60, 95% CI 0.52 10 4.8% P-0.40

- I"'I:E]murr.l.l:‘_l-' embolism: RE 0,86, 95% C1 0.46 to 1655 P-
.63

- MulIi-nrgm failure: RE 0.9, 95% CI 0,75 1o 1.08: P=0.25

» Head injury: RR (.97, 95% CLO.87 to 1.08 P-0.60

» "Other’ copes: RR 0.94, 95% CI0.74 10 1. 3% P=0463

Althongh not prespecified subpronp analyses of this review, the
effeces of T2(A on death doe wo bieeding by time o trestment,
severity of harmorthage, Glaspew coma score, and type of injury
wers assessed in the CRASH-2 trial {CRASH-2 2011}, The results
are presented befow.

Anabysis of the risk of death due to bleeding indicated thar the effec
of TXA varied by time w wearment. Treamment within one hoar
of injury was associated with a 32% refative reduction in risk of
death due oo blecding (RR 0.68, #5% C10.57 1o (LB2: Pol). (001 )
and wrearment berween 1 and 3 hours after injury was asseciated
with a 21% reduction (RE 079, 95% CI 0.64 0 0.97; P=0.03),
Treatment with TXA after three hours of injury was associsted with
a44% relative increase in risk of death due to bleeding (RE 1.44,
25% C1 112 w0 184 P-0.004) Test for subgroup differences:
Chi-23.51, P<0.00001.

There was no evidence that the effece of TXA on death due o
bleeding varied by the severity of haemorrhape, Glasgow coma
sonre, of ype of injury:

« Severity of haemorrhape (a5 assessed by syseolic biood
jpressure); >89 mm Hp (RR .88, 95% C10.71 to L10): 76-89
(RR 1.01, 95% CLO.7% 0 130 =75 (RR 081, 95% O LG9
to 0095). Test for sabgronp differences: Chi®-2.24, P-0.33.

- G]:mgpw come scores severe (RR 0092, 95% CHO76 o
1.13): moderate (RR 0,77, #5% C1 0,59 1o 0.99%: mild (RR
0.86, 5% CI0.72 w 1.02), Tes for ssbproop differences:
Chi-1.28, P-0.53.

« Type of injury: bluns (RR (.89, 95% C1 077 w L4
penczmting (RR 079, 95% C1 0066 m 0.96). Tes for subproup
differences: Chi®-0.92, P-0.34.

Vasoular occlusive avents
The CRASH-2 2010 trial reported data on vascular ooclsive
eveats. There was no difference in the sk of experiencing one

Arndfibrinabytic drugs for acste traumatic

injury (Reviaw)
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or maore vascitlar ocdusive events (faral or non-faral: myscardial
infarction, siroke, pulmonary embolism, deep vein thrombosis)
berween the TXA and placebo proups (RE 0084, 95% C1 0,68 1o
102 P=0-084). THA redoced the risk of myocirdial infarction
(RR DG4, 955 C1 0.42 1o 0.97; P-0.035). There wis no differ-
ence in the risk of stroke (RR 0.86, 95% C10.61 1o 1.23: P43},
puimonary embolism (RE 107, 3% CLO73 10 1.41: P-0.93) or
deep vein thrombosis {RE 0,98, 95% CI0.63 w 151 P-0.91).

Surgical Intervention

Diata from the CRASH-2 2010 trial supgest that there is no sta-
tistically sipnificant difference in the risk of recaiving one or mose
surgical interventions (neurosurpery, chest. shdnminal or pelvic
surpery) (R 100, 95% C1 0,97 to 1.03%: P~0.79) Analysis 1.2

Recelpt of blood transfuslon

Of the patients allocated to TXA in the CRASH-2 20010 rrial,
5067 (50.4%) received 3 blood produc ransfusion verss 5160
(51.3%) of the patients allocated o placebo (RR 0.98, 95% CI
0.9 to 1.01: P=0.21) Anabysis 1.3, There was no difference in the
average number of blood units cransfiused (MDD -0.177 95% CI1 -
0.39 @ (L05: P-0L1F) Analysis 1.4

Aprotinin versus placebo

The sudy by Auer 1979, with 20 randomised patients, provided
ni useable outcome dats for the reasons outlined above. The study
by MchMichan 1942, with 77 mndomised patients {seven post-
randomsation exclusions), was reported in four separate reparts
(Rosengarten 1977 Rosenpgrien 1970 and McdMichan 1977 in
‘includad stadies” reference McMichan 1982},

Mortallty

McMichan 1982 mpored momality dacs; there was oo difference
in the risk of desth between the aprotinin or placebo proups (RR
0.14, 95% CL001 to 267 P-iL19) Analysis 2.1.

Yascular occlustve events
Data on vascubar oochisive events were not reporad,

Surgical Intervention

McMichan 1982 reported data on the number of patients under-
poing & surpical intervention: there was no difference between the
aprotinin or plcebo proups (RR 107, 95% C1 087 w 1,33 P-
0.53) Analysis 1.3,

Recelpt of Blood transfusion

[tz on the number of patients recedving a blood transfusion were
not reportad. The volume of biood transfused was reponed, there
was no difference between proups (MD -0.40 units 5% CI -
.91, 0.11: P-f.12} Analysis 2.3,

DISCUSSION

Summary of main results

Tranevamic acid redoces all-cause morality in bleeding rauma
patients, with no appasent increase in the risk of vascular cochsive
evemts. This conclusion & basad on the results of the CRASH-2
2010 trial which recruited 20,211 bleeding trauma patients from
I74 hospirals in 40 countries.

Overall completeness and applicability of
evidence

The large numbers of patiens in a wide range of different health
care settings around the world studied in the CRASH-2 2010 trisl
hielp the resulr to be widsly generalisad. The trearment is effective
in patienis with blunt and penerrating ranma. Becanse THA @
incxpensive and ezsy 1o administer, it could madily be added 1o
the normal medical and surpicil management of bleeding trauma
petents in hospitals around the world.

Each vear. worddwide. abou four million people die as a resulr
of traumatic injuries and violence.  Approximately 1.6 million
of these deaths oomr in hospital and sbout one thind of these
deaths (480,000) are from haemorrhage, The CRASH-I 2000
trial has shown that TXA reduces mortality from haemorrhape by
shout one sixth. If this widely practicble intervention was used
worldwide in the restment of bleading trauma patients, it conld
prevent aver 7000 deaths each year (see Tabde 1).

Many mrauma patients suffer 2 brain injury. Traumatic brin in-
jury [TBI} i commonly accompanied by intracranial bleeding
which can develop or worsen afier hospital sdmission. Traumatic
intracranial haemorrhape is assocated with an incressed risk of
death and disability, and regardless of location, haemarchaps size
it strongly correlaed with omoome. If TXA rechsced intracrandal
bleeding after wolated TBI then this could improve patient om-
comes. Although, many of the bleeding tranma patients induded
in the CERASH-I 2011 trial also suffered a brain injury, it is poss:-
ble that the effects of TXA muy differin patients with isolaed TBL
The wiaf by Yunrhakasemsunt 2000 provides some promising evi-
dence fior the beneficial effect of TXA on mortaliy in patiems with
isolated TBI: however, further evidence i required from larger tri-
als which also assess the effea on disabiliry.

There is no evidence for the effert of aprotinin for trawma.

avlaw)
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Quality of the evidence

The qualiry of the evidence supponing the use of rranexamic acid
for trammes is high. The findings of this review are based primarily
on the resules of the CRASH-2 2000 trial. This was a larpe, hiph
quality randomised trial with kow risk ofbias. Sequence generation
was appropriately randomisad, allocation was concealed and par-
ticipants, trial personnel and cutoome assessors were all blindsd.
Furthenmore, there were minimal missing daa with over 99% of
pasients followed wp.

Potentlal biases in the review process

This systematic review sddresses a fooused research question and
tses pre-defined inclusion critersa and methodology w0 sefec and
appraise elipible trials.

As with all sysematic reviews, the possibility of publication bias
should be considersd 25 2 potential threat 1o validiry, However, in
light of our extensive and sensitive searching we believe thar the
risk of such a bus affecting the resulis &5 minimal

Agreaments and disagreements with other
studies or reviews

A systematic review of randomised wrials assessing the effects of
TXA in patents underpoing elective surpery has been conducred
{Henry 201 1). This review found thar compared o controf, TXA
reduced the need for blood transfusion withour any apparent in-
crexse in the risk of adverse evenis. Unlike the Henoy 2001 teview,
we found no evidence of any substntial reduction in the receipt of
a hlood transfusion or the amount of blood transfused in trawma
patienis, One possible explanation is that in the CRASH-2 2010
triak, following the foading dose, TX(A was infissed over a period
of eipht hours, whereas decisions abour transfusion are mada very
scct fter fiospial admission. The shsmee of any larpe effect on
bleod transfusion may also reflect the difficaly of accurately esti-
mating blood fos in rruma parients when assessing the need for
tramsfusion. Finally, the shsence of any substantial reduction in

transfision requirements in patients texted with TXA acid may
retlect the facr dhar there were fewer deaths in pauents allocaed
1o T2 acid than to placebo and patients who sirvive 25 2 resule
of TXA administration would have had a greater opportuminy to
receive 2 blood rmnshsion (competing risks).

AUTHORS' CONCLUSIONS

Implications for practice

Tranemmic acid (TXA) safely medoces morality in bleeding
trawms patients. As there is evidence that the effect on death due
to bleeding depends on the time interval borween the injury and
treatment, TXA should be given a5 early & possible and within
three hours of the injury as reavment later than this is unlikely 1o
be effective.

Implications for research

The knowledpe thar TXA sfely reduces the risk of death from
traumatic bleeding raises the possibifity thar i mighe abso be effec-
tive in other siuations whers bleeding can be life thresening or
disahling and further research is warranied 1o explore this poten-
tial. Randomised trials involving patients with isolated tranmanc
brain injury thar sssess boch mortalicy and disabifity outoomes are
tequired before TXA can be recommended for use in these pa-
tienits. The ongoing CRASH-3 trial with a planned sample size
of 10,000 patients with tranmatic brain injury, will contribure ro
resufving the uncertainty abour the effects of TXA in this group.
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Appendix U. Research Paper 4: Search strategies

Cochrane Injuries Group Specialised Register (searched July 2010)

(Aprotinin* or kallikrein-trypsin inactivator* or bovine kunitz pancreatic trypsin inhibitor* or
bovine pancreatic trypsin inhibitor* or basic pancreatic trypsin inhibitor* or BPTI or contrykal
or kontrykal or kontrikal or contrical or dilmintal or iniprol or zymofren or traskolan or antilysin
or pulmin or amicar or caprocid or epsamon or epsikapron or antilysin or iniprol or kontrikal or
kontrykal or pulmin* or Trasylol or Antilysin Spofa or rp?9921 or antagosan or antilysin or
antilysine or apronitin* or apronitrine or bayer a?128 or bovine pancreatic secretory trypsin
inhibitor* or contrycal or frey inhibitor* or gordox or kallikrein trypsin inhibitor* or kazal type
trypsin inhibitor* or (Kunitz adj3 inhibitor*) or midran or (pancrea* adj2 antitrypsin) or
(pancrea* adj2 trypsin inhibitor*) or riker?52g or rp?9921or tracylol or trascolan or trasilol or
traskolan or trazylol or zymofren or zymophren) or (tranexamic or Cyclohexanecarboxylic
Acid* or Methylamine* or amcha or trans-4-aminomethyl-cyclohexanecarboxylic acid* or t-
amcha or amca or kabi 2161 or transamin* or exacyl or amchafibrin or anvitoff or spotof or
cyklokapron or ugurol oramino methylcyclohexane carboxylate or
aminomethylcyclohexanecarbonic acid or aminomethylcyclohexanecarboxylic acid or AMCHA
or amchafibrin or amikapron or aminomethyl cyclohexane carboxylic acid or aminomethyl
cyclohexanecarboxylic acid or aminomethylcyclohexane carbonic acid or
aminomethylcyclohexane carboxylic acid or aminomethylcyclohexanecarbonic acid or
aminomethylcyclohexanecarboxylic acid or aminomethylcyclohexanocarboxylic acid or
aminomethylcyclohexanoic acid or amstat or anvitoff or cI?65336 or cl65336 or cyclocapron or
cyclokapron or cyklocapron or exacyl or frenolyse or hexacapron or hexakapron or tranex or
TXA) or (aminocaproic or amino?caproic or aminohexanoic or amino?hexanoic or epsilon-
aminocaproic or E-aminocaproic) adj2 acid*) or epsikapron or cy-116 or cy116 or epsamon or
amicar or caprocid or lederle or Aminocaproic or aminohexanoic or amino caproic or amino n
hexanoic or acikaprin or afibrin or capracid or capramol or caprogel or caprolest or caprolisine
or caprolysin or capromol or cl 10304 or EACA or eaca roche or ecapron or ekaprol or epsamon
or epsicapron or epsilcapramin or epsilon amino caproate or epsilon aminocaproate or
epsilonaminocaproic or etha?aminocaproic or ethaaminocaproich or emocaprol or hepin or
ipsilon or jd?177or neocaprol or nsc?26154 or tachostyptan)

Cochrane Central Register of Controlled Trials 2010, Issue 3 (The Cochrane Library)

#1 MeSH descriptor Antifibrinolytic Agents explode all trees

#2 (anti-fibrinolytic* or antifibrinolytic* or antifibrinolysin* or anti-fibrinolysin* or
antiplasmin* or anti-plasmin* ):ab,ti or ((plasmin or fibrinolysis) near3 inhibitor*):ab,ti

#3 MeSH descriptor Aprotinin explode all trees

#4 (Aprotinin* or kallikrein-trypsin inactivator* or bovine kunitz pancreatic trypsin inhibitor*
or bovine pancreatic trypsin inhibitor* or basic pancreatic trypsin inhibitor* or BPTI or
contrykal or kontrykal or kontrikal or contrical or dilmintal or iniprol or zymofren or traskolan
or antilysin or pulmin or amicar or caprocid or epsamon or epsikapron or antilysin or iniprol or
kontrikal or kontrykal or pulmin* or Trasylol or Antilysin Spofa or rp?9921 or antagosan or
antilysin or antilysine or apronitin* or apronitrine or bayer a?128 or bovine pancreatic
secretory trypsin inhibitor* or contrycal or frey inhibitor* or gordox or kallikrein trypsin
inhibitor* or kazal type trypsin inhibitor or riker?52g or rp?9921or tracylol or trascolan or
trasilol or traskolan or trazylol or zymofren or zymophren or midran):ab,ti or ((Kunitz near3
inhibitor*) or (pancrea* near3 antitrypsin) or (pancrea* near3 trypsin next inhibitor*)):ab,ti
#5 MeSH descriptor Tranexamic Acid explode all trees

#6 (tranexamic or Cyclohexanecarboxylic Acid* or Methylamine* or amcha or trans-4-
aminomethyl-cyclohexanecarboxylic acid* or t-amcha or amca or kabi 2161 or transamin* or
exacyl or amchafibrin or anvitoff or spotof or cyklokapron or ugurol oramino
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methylcyclohexane carboxylate or aminomethylcyclohexanecarbonic acid or
aminomethylcyclohexanecarboxylic acid or AMCHA or amchafibrin or amikapron or
aminomethyl cyclohexane carboxylic acid or aminomethyl cyclohexanecarboxylic acid or
aminomethylcyclohexane carbonic acid or aminomethylcyclohexane carboxylic acid or
aminomethylcyclohexanecarbonic acid or aminomethylcyclohexanecarboxylic acid or
aminomethylcyclohexanocarboxylic acid or aminomethylcyclohexanoic acid or amstat or
anvitoff or c1?65336 or cl65336 or cyclocapron or cyclokapron or cyklocapron or exacyl or
frenolyse or hexacapron or hexakapron or tranex or TXA):ab,ti

#7 MeSH descriptor Aminocaproic Acids explode all trees

#8 MeSH descriptor 6-Aminocaproic Acid explode all trees

#9 (epsikapron or cy-116 or cy116 or epsamon or amicar or caprocid or lederle or
Aminocaproic or aminohexanoic or amino caproic or amino n hexanoic or acikaprin or afibrin
or capracid or capramol or caprogel or caprolest or caprolisine or caprolysin or capromol or cl
10304 or EACA or eaca roche or ecapron or ekaprol or epsamon or epsicapron or
epsilcapramin or epsilon amino caproate or epsilon aminocaproate or epsilonaminocaproic or
etha?aminocaproic or ethaaminocaproich or emocaprol or hepin or ipsilon or jd?177or
neocaprol or nsc?26154 or tachostyptan):ab,ti

#10 (aminocaproic or amino?caproic or aminohexanoic or amino?hexanoic or epsilon-
aminocaproic or E-aminocaproic):ab,ti

#11 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10)

MEDLINE(Ovid) 1950 to July Week 2 2010

1.exp Antifibrinolytic Agents/

2.(anti-fibrinolytic* or antifibrinolytic* or antifibrinolysin* or anti-fibrinolysin* or antiplasmin*
or anti-plasmin* or ((plasmin or fibrinolysis) adj3 inhibitor*)).ab;ti.

3.exp Aprotinin/

4.(Aprotinin* or kallikrein-trypsin inactivator* or bovine kunitz pancreatic trypsin inhibitor* or
bovine pancreatic trypsin inhibitor* or basic pancreatic trypsin inhibitor* or BPTI or contrykal
or kontrykal or kontrikal or contrical or dilmintal or iniprol or zymofren or traskolan or antilysin
or pulmin or amicar or caprocid or epsamon or epsikapron or antilysin or iniprol or kontrikal or
kontrykal or pulmin* or Trasylol or Antilysin Spofa or rp?9921 or antagosan or antilysin or
antilysine or apronitin* or apronitrine or bayer a?128 or bovine pancreatic secretory trypsin
inhibitor* or contrycal or frey inhibitor* or gordox or kallikrein trypsin inhibitor* or kazal type
trypsin inhibitor* or (Kunitz adj3 inhibitor*) or midran or (pancrea* adj2 antitrypsin) or
(pancrea* adj2 trypsin inhibitor*) or riker?52g or rp?9921or tracylol or trascolan or trasilol or
traskolan or trazylol or zymofren or zymophren).ab;ti.

5.exp Tranexamic Acid/

6.(tranexamic or Cyclohexanecarboxylic Acid* or Methylamine* or amcha or trans-4-
aminomethyl-cyclohexanecarboxylic acid* or t-amcha or amca or kabi 2161 or transamin* or
exacyl or amchafibrin or anvitoff or spotof or cyklokapron or ugurol oramino
methylcyclohexane carboxylate or aminomethylcyclohexanecarbonic acid or
aminomethylcyclohexanecarboxylic acid or AMCHA or amchafibrin or amikapron or
aminomethyl cyclohexane carboxylic acid or aminomethyl cyclohexanecarboxylic acid or
aminomethylcyclohexane carbonic acid or aminomethylcyclohexane carboxylic acid or
aminomethylcyclohexanecarbonic acid or aminomethylcyclohexanecarboxylic acid or
aminomethylcyclohexanocarboxylic acid or aminomethylcyclohexanoic acid or amstat or
anvitoff or c1?65336 or cl65336 or cyclocapron or cyclokapron or cyklocapron or exacyl or
frenolyse or hexacapron or hexakapron or tranex or TXA).ab, ti.

7.exp Aminocaproic Acids/ or exp 6-Aminocaproic Acid/

8.(((aminocaproic or amino?caproic or aminohexanoic or amino?hexanoic or epsilon-
aminocaproic or E-aminocaproic) adj2 acid*) or epsikapron or cy-116 or cy116 or epsamon or
amicar or caprocid or lederle or Aminocaproic or aminohexanoic or amino caproic or amino n
hexanoic or acikaprin or afibrin or capracid or capramol or caprogel or caprolest or caprolisine
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or caprolysin or capromol or cl 10304 or EACA or eaca roche or ecapron or ekaprol or epsamon
or epsicapron or epsilcapramin or epsilon amino caproate or epsilon aminocaproate or
epsilonaminocaproic or etha?aminocaproic or ethaaminocaproich or emocaprol or hepin or
ipsilon or jd?177or neocaprol or nsc?26154 or tachostyptan).ab,ti.
9.1or2or3ord4or5or6or7or8

10.randomi?ed.ab,ti.

11.randomized controlled trial.pt.

12.controlled clinical trial.pt.

13.placebo.ab.

14.clinical trials as topic.sh.

15.randomly.ab.

16.trial.ti.

17.100r 11or12or13 or 14 or 150r 16

18.(animals not (humans and animals)).sh.

19.17 not 18

20.9and 19

EMBASE (Ovid) 1980 to 2010 (Week 28)

1.exp Antifibrinolytic Agent/

2.(anti-fibrinolytic* or antifibrinolytic* or antifibrinolysin* or anti-fibrinolysin* or antiplasmin*
or anti-plasmin* or ((plasmin or fibrinolysis) adj3 inhibitor*)).ab;ti.

3.exp Aprotinin/

4.(Aprotinin* or kallikrein-trypsin inactivator* or bovine kunitz pancreatic trypsin inhibitor* or
bovine pancreatic trypsin inhibitor* or basic pancreatic trypsin inhibitor* or BPTI or contrykal
or kontrykal or kontrikal or contrical or dilmintal or iniprol or zymofren or traskolan or antilysin
or pulmin or amicar or caprocid or epsamon or epsikapron or antilysin or iniprol or kontrikal or
kontrykal or pulmin* or Trasylol or Antilysin Spofa or rp?9921 or antagosan or antilysin or
antilysine or apronitin* or apronitrine or bayer a?128 or bovine pancreatic secretory trypsin
inhibitor* or contrycal or frey inhibitor* or gordox or kallikrein trypsin inhibitor* or kazal type
trypsin inhibitor* or (Kunitz adj3 inhibitor*) or midran or (pancrea* adj2 antitrypsin) or
(pancrea* adj2 trypsin inhibitor*) or riker?52g or rp?9921or tracylol or trascolan or trasilol or
traskolan or trazylol or zymofren or zymophren).ab;ti.

5.exp Tranexamic Acid/

6.(tranexamic or Cyclohexanecarboxylic Acid* or Methylamine* or amcha or trans-4-
aminomethyl-cyclohexanecarboxylic acid* or t-amcha or amca or kabi 2161 or transamin* or
exacyl or amchafibrin or anvitoff or spotof or cyklokapron or ugurol oramino
methylcyclohexane carboxylate or aminomethylcyclohexanecarbonic acid or
aminomethylcyclohexanecarboxylic acid or AMCHA or amchafibrin or amikapron or
aminomethyl cyclohexane carboxylic acid or aminomethyl cyclohexanecarboxylic acid or
aminomethylcyclohexane carbonic acid or aminomethylcyclohexane carboxylic acid or
aminomethylcyclohexanecarbonic acid or aminomethylcyclohexanecarboxylic acid or
aminomethylcyclohexanocarboxylic acid or aminomethylcyclohexanoic acid or amstat or
anvitoff or c1?65336 or cl65336 or cyclocapron or cyclokapron or cyklocapron or exacyl or
frenolyse or hexacapron or hexakapron or tranex or TXA).ab,ti.

7.exp Aminocaproic Acid/

8.(((aminocaproic or amino?caproic or aminohexanoic or amino?hexanoic or epsilon-
aminocaproic or E-aminocaproic) adj2 acid*) or epsikapron or cy-116 or cy116 or epsamon or
amicar or caprocid or lederle or Aminocaproic or aminohexanoic or amino caproic or amino n
hexanoic or acikaprin or afibrin or capracid or capramol or caprogel or caprolest or caprolisine
or caprolysin or capromol or cl 10304 or EACA or eaca roche or ecapron or ekaprol or epsamon
or epsicapron or epsilcapramin or epsilon amino caproate or epsilon aminocaproate or
epsilonaminocaproic or etha?aminocaproic or ethaaminocaproich or emocaprol or hepin or
ipsilon or jd?177or neocaprol or nsc?26154 or tachostyptan).ab,ti.
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9.1or2or3ord4or5o0r6or7or8
10.exp Randomized Controlled Trial/
11.exp controlled clinical trial/
12.randomi?ed.ab,ti.

13.placebo.ab.

14.*Clinical Trial/

15.randomly.ab.

16.trial.ti.

17.10or11or12or13or 14 or 150r 16
18.exp animal/ not (exp human/ and exp animal/)
19.17 not 18

20.9and 19
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Appendix V. Research Paper 4: Characteristics of included studies

Auer 1979

Methods

Probable RCT: “Twenty patients were included in
a double-blind study; nine patients were treated
with Trasylol. Eleven received a placebo drug.”
Five additional (non-randomly allocated) patients
were added to the study and received aprotinin
treatment. These patients were not separated
out in the analysis.

Participants

Patients with severe head injury who had
remained comatose for seven days. Most of them
had clinical brain stem signs.

Interventions

Aprotinin group: 500,000 IE initially thereafter
200,000 IV every four hours

Outcomes Death.

Range of biochemical end points.

Notes Notes Because it was not possible to separate the
5 non-randomised patients from the 20 probably
randomised patients, this study provides no
useable outcome data

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk Unclear.

CRASH-2 2010

Methods

RCT: Randomisation was balanced by centre, with
an allocation sequence based on a block size of
eight, generated with a computer random
number generator. Participants and study staff
were blind to treatment allocation

Participants

20,211 adult (>16 years) trauma patients with, or
at risk of, significant bleeding

Interventions

Tranexamic acid group: loading dose 1g over 10
minutes then infusion of 1g over 8 hours

Matching placebo.

Outcomes

Death.

Vascular occlusive events.
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Blood transfusion requirements.

Disability.
Notes
Risk of bias
Bias Authors’ judgement Support for judgement
Allocation concealment (selection bias) Low risk TXA and placebo were

packaged in identical
ampoules. Hospitals
with areliable
telephone

access used a
telephone
randomisation

service, hospitals
without used a local

pack system

McMichan 1982

Methods

RCT: Aprotinin and placebo were supplied in
identical coded ampoules. Ampoules were in
boxes of 50 with a code number assigned to each
box. These numbers were randomised in groups
of 20 and each batch was assigned in numerical
order. The codes were not broken until the end of
the study.

Patients excluded after randomisation were those
who died within the first 24 hours or refused
continuing investigation.

Participants

Patients with a combination of hypovolaemic
shock and major fractures of the lower limb and
or pelvis. Patients seen 12 or more hours after
injury and those with major head or chest injuries
were excluded.

Interventions

Aprotinin group: 500,000 Kallikrein Inhibitor Units
(KIU) IV statim followed by 300,000

KIU at 6-hour intervals for 96 hours.

Outcomes Death.
Mean blood transfusion.
Respiratory function.
Notes 77 patients were randomised but there were 7

post-randomisation exclusions. Among the

7 excluded patients, there were 3 deaths within
the first 24 hours of injury. One patient was
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transferred to another hospital because of
quadriplegia and died later, and three patients
refused investigation.

It was noted in the results that the data on
transfusion requirement was found to have a
non-normal distribution. Nevertheless, the mean
and standard deviation were presented.

Risk of bias
Bias Authors’ judgement Support for judgement
Allocation concealment (selection bias) Low risk Aprotinin and placebo

were prepared in

“similar ampoules”. All
ampoules were in
boxes of 50, with a
code number assigned
to each box. The nature
of the content of the
ampoules was not
known to any of the
investigators nor to the
attending physicians.

The codes were not
broken until the end of

the study

Yutthakasemsunt 2010

Methods

RCT

Participants

240 adults patients (>16 years) with moderate to
severe traumatic brain injury (Glasgow

Coma Scale 4 to 12) within 8 hours of injury

Interventions

Tranexamic acid group: 2g.

Matching placebo.

Outcomes Death.
Progressive intracranial haemorrhage.
Disability (GOS).
Thromboembolic events.
Notes
Risk of bias
Bias Authors’ judgement Support for judgement
Allocation concealment (selection bias) Unclear risk Unclear
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Appendix W. Research Paper 4: Characteristics of excluded studies

Study

Reason for exclusion

Gierhake 1971

Types of patients: general surgery patients not
trauma.

Husted 2003

Types of patients: orthopaedic patients not
trauma.

Klobow 1977a

Types of interventions: trasylol compared with
heparin.

Klobow 1977b

Types of interventions: trasylol compared with
heparin.

Kuiian 1999

Types of studies: After Dr Vasiliy Vlassov, Director
of the Russian Branch of the Nordic Cochrane
Centre kindly

translated the methods section it was clear that
this study was not randomised

Loew 1970

Types of studies: alternation used not random
allocation.

Nissen 1989

Types of studies: review article not randomised
controlled trial

Schneider 1976

Types of studies: randomisation in this trial was
by allocating patients to the treatment group
according to the day of admission. However, this
procedure was subverted for large numbers (813)
of patients in which case the study

cannot be considered to be a randomised
controlled trial
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Appendix X. Research Paper 4: Characteristics of ongoing studies

CRASH-3

Trial name or title

Clinical Randomisation of an Antifibrinolytic in
Significant Head Injury (CRASH-3)

Methods

Large, international, randomised, placebo
controlled trial.

Participants

Adults with traumatic brain injury, who are within
eight hours of injury, with any intracranial
bleeding on CT scan or who have a GCS of 12 or
less, and have no significant extra-cranial
haemorrhage, are eligible for inclusion, except
those for whom antifibrinolytic agents are
thought to be clearly indicated or clearly
contraindicated

Interventions

Loading dose of tranexamic acid (1 gram by
intravenous injection) or placebo (sodium
chloride 0.9%) given as soon as possible after
randomisation. Maintenance dose of tranexamic
acid (1 gram by intravenous injection) or placebo
(sodium chloride 0.9%) given after the loading
dose is finished

Outcomes

Primary outcome is death in hospital within 28
days of injury. Secondary outcomes are vascular
occlusive events (myocardial infarction,
pulmonary embolism, clinical evidence of deep
vein thrombosis), stroke, disability, seizures,
neurosurgical intervention, days in intensive care,
other adverse events

Starting date

July 2012

Contact information

crash@Lshtm.ac.uk

Notes

Current Controlled Trials ISRCTN15088122;
Clinicaltrials.gov NCT01402882

The JP Moulton Charitable Trust, UK, is funding
the run-in costs for the trial and up to 500
patients’

recruitment. Full funding is being sought from
public funding organisations for the main trial
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Appendix Y. Research Paper 5: Retention of copyright/permission to publish
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Appendix Z. Research Paper 4: Published article

Ker af ol BAC Emengency Medicine 2012, 123
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Emergency Medicine

RESEARCH ARTICLE Open Access

Avoidable mortality from giving tranexamic acid
to bleeding trauma patients: an estimation based
on WHO mortality data, a systematic literature
review and data from the CRASH-2 trial

Katharine Ker, Junko Krya, Pablo Perel Phil Bdwards, Haleema Shakur and lan Roberts

[ Abstract

through the wse of TXA

waould be inindia and China

Background: The CRASH-2 trial showed that early adminkstration of tanexamic acid (TXA) safely rduces mortality
in bleeding In rauma patients. Based on data from the CRASH-2 trial, global monality data and a systermatic
literature review, we estimated the number of prematune deaths that might be averted every year worldwide

Methods We used CRASH-2 trial data to examine the effect of TXA on death due to bleeding by geographical
region, We used WHO monality data {2008 and data from a systernatic review of the |ieratune to estimate the
annual number of in-hosplial trauma deaths due 1o bleeding. We then used the relsthe ek estimates from the
CRASH-2 frial to estimate the number of prematune deaths that could be averted I all hospitalised bleading
trauma patients received THA within one hour of Injury, and within three hours of Injury. Sensitivity analyses were
used to explone theeffect of uncerainty In the pammeter estirmates and the assumptions made In the model
Results: There & no evidence that the effect of THA on death due 1o bleeding varkes by geographical region
(heterogenetty & = 070 Based on WHO data and our syatematic lterature review, we estimate that each yeal
worldwlde there e approd mately 4000080 n-hospltal traurna deaths due to bleeding. f patients recelved TRA
within one hour of injury then approximately 128000 (uncenainty range [LUAR] = 72000 1o 172000) deaths might
be averted. If patients received TXA within three hows of injery then approximately 112000 (UR = 68,000 to
148,000} deaths might be averted Country specific estimates show that the largest numbers of deaths averted

Conclusions: The wse of THA In the teatment of traumatic bleeding has the potentlal 1o prevent many premature
deaths every vear A large proportion of the potential health gains are In low and middle income countries

Background

Trauma is a leading cause of death and disability. Each
year, worldwide, an estimated 5.8 million people die as a
result of trauma [1], many after reaching hospital.
Among trauma patients who survive to reach hospital,
bleeding is a common cause of death, accounting for
around 4% of in-hospital trauma deaths [2].

*® Cowmenpondence ketferna ke b insc uk

Tanical Teak Urnet, Facully of Ipsdempbogy & Populsion Hedth, Loncdon
Schood of Hygeene & Teopral Medicne, Keppel Srest, london WCLE 7HT,
™

() BioMed Central

The CEASH-2 trial was an international randomised
controlled trial of the early administration of tranexamic
acid (TXA) to bleeding trauma patients. The trial
recruited 3,211 patients from 274 hospitals in 40 coun-
trics. The resufts show that TXA reduces mortality in
trauma patients with or at risk of bleeding, with no
apparent increase in side effects [3], If given within
three hours of injury, TXA reduces the risk of death
due to bleeding by about a third [4]. TXA administra-
tion has been shown to be highly cost-effective in high,
middle or low income countries [5]. On the basis of the

IO K e 2l v Bodted Cermal b9d. This i an- Cee Aooess adicle derhoed under the s of e Cemtve Commors
hrhron Liceree Samdaeateommonsor gflereesty 0], which prmis oreesiced e derdenion, and repoducion n
ary medum, powided $he aoginal work: bt propedy oed
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results of the CRASH-2 trial, TXA has been included on
the WHO Essential Medicines List [6].

Since publication of the trial results, TXA has been
included into trauma care guidelines in many high
income countries. in March 2010, the British Army
incorporated TXA into combat care treatment protocols
[7] and in july 2011 the UK NHS ambulance service
agreed that TXA would be given to all adolts and teen-
agers who suffer major injury in the UK. In 2011, the
LS Army reviewed the evidence from the CRASH-2
trial and included TXA into its trauma treatment proto-
cols. However, bearing in mind that 90% of trauma
deaths are in low and middle income countries [8], the
potential of TXA to reduce premature mortality is likely
to be much greater in these settings. An estimation of
the number of deaths that could be averted through the
use of TXA for in traumatic haemorrhage would allow
better targeting of dissemination and implementation
activities. In this study we used data from the CRASH-2
trial, WHO mortality database and a systematic review
of the recent literature, to estimate the potential number
of deaths that could be averted through the early admin-
istration of TXA to bleeding trauma patients.

Methods

Estimation of effect of THA on death due to bleeding by
geographicl region

We nsed individual patient data from the CRASH-2 trial
to assess the extent to which the effect of TXA on
death due to bleeding varied according to geographical
region. Hospitals participating in the CRASH-2 trial
were grouped into four geographical regions: (1) Africa,
(2) Asia, (3) Europe, Australia, Morth America, and (4)
Central & Scuth America. Heterogeneity in treatment
effect by geographical region was assessed by 2 3 test,
We pre-specified that unless there was strong evidence
against the null hypothesis of homogeneity of effects (i
e p < (.001), the overall risk ratio (RR) would be con-
sidered to be the most relable guide to the approximate
ERs in all regions.

Estimation of number of in-hospital trauma deaths due to
bleeding per year

The number of in-hospital trauma deaths that are due
to bleeding and thus potentially avoidable through the
early administration of TXA waz estimated in three
steps.,

First, we obtained estimates of the number of frauma
deaths (M4} by country. Since the risk of death due to
bleeding may vary according to type of injury (ie. blunt
or penetrating) [9], we classified deaths as being a result
of blunt trauma (MNep) or penetrating trauma (Bep). Sec-
ond, we obtained data on the proportion of trauma
deaths that oocur in hospital (Py). The numbers of in-
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hospital blunt trauma deaths [Ny gr) and in-hospital
penctrating trauma deaths (My pr) were then estimated
socording to the follbwing equations:

N = Ny = Py
Nupr = Npr x Py

Third, we obtained data on proportion of in-hospital
blunt rauma deaths cansed by bleeding (Py gt @) and
the proporticn of in-hospital penetrating freuma deaths
caused by bleeding (P pr_ g ). Using these estimates we
derived the number of in-hospital trauma deaths cansed
by bleeding (MNy_ + g as follmws;

Nyzar = (Micer * Prorrec) + (Mheer = Proerac)

F'he number of premature deaths potentially averted
by TXA was then estimated by applying the relative risk
reduction from the CEASH-2 trial to the number of in-
hospital deaths due to bleeding as follows:

Premature deaths averted = Nyprq = (1 — RR)

Data sources

Data from the WHO, the CRASH-2 trial and a systema-
tic review of literature published since 2004 were used
to parameterise the eguations. The number of trauma
deaths for each country, were obtained from the WHO
for the year 2008, the most recent year for which data
were svailable. Blunt trauma deaths were estimated by
adding the number of deaths from road traffic crashes,
falls and other unintentional injuries. Penetrating trauma
deaths were estimated by adding the number of deaths
from violence and war, Deaths from drowning, poison-
ing, self-inflicted injuries or burns were not included as
these injuries are not usually associated with life-threa-
tening bleeding. Estimates of the proportion of trauma
deaths that are in-hospital and the proportion caused by
bleeding were based on data from the CRASH-2 trial
und from studies identified through a systematic review,

Systematic review methods

We searched for stodies containing original data
describing the epidemiology of trauma deaths. We
searched MEDLINE, EMBASE and Cab Abstracts on 2
March 2011 using a combination of subject headings
and key words based on the following terms; injuries,
trauma, mortality, death, fatality, burden, epideminlogy.
We searched the internct and checked the reference
lists of eligible articles. The searches were not restricted
by language or publication status; To improve the
applicahility of the extracted data to the current patterns
in trauma death epidemiology, we limited our search to
studies published since 2004,
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Record screening, full text review and dats extraction
were performed independently by two authors (KK and
[EC), with any disagreements resolved through discussion,
Data were extracted on study design, setting, sample
size, the proportions of deaths occurring in hospital and
due to bleeding, using a pre-designed form. Studies that
did not provide data on any of the parameters of inter-
est were exchuded.

To obtain a summary estimate for each parameter, the
study proportions were transformed according to the
Freeman Tukey variant of the arcsine square root trans-
formed proportions to correct for over-dispersion [10].
Pooled proportions were calonlated as the back-transfor-
mation of the weighted mean of the transformed pro-
portions using the random effects model [11].

Drata analysis

For esch country, the nomber of in-hospital trauma
deaths due to bleeding was calculated by applying the
corresponding estimated proportions to the mortality
data, a8 described above. For the primary analysis, the
relative risk reduction from the CRASH-2 trial was
applied to estimate the nomber of premature deaths
that could be averted (1) if all patients received TXA
within one hoor of injury, and (2) if all patients received
TXA within three hours of injury. The numbers of
deaths averted in each country were combined to give
an overall global estimate. To identify the countries with
the greatest potential for benefit from TXA, countries
were ranked in order of the estimated mumber of pre-
mature deaths averted.

To investigate the impact on the results of uncertainty
in the parameter estimates used in the modelling, a
number of sensitivity analyses were conducted. Frst, the
analysis was repeated using the lower and upper bounds
of the 95% confidence intervals for the parameter esti-
mates to explore the effect of parameter uncertainty.
Second, we repeated the analysis using the relative nsk
estimate for all-canse mortality rather than death due to
bleeding. This analysis was conducted to take sccount
of the possibility that some patients who do not die
from bleeding because of TXA administration would
nevertheless die of other couses such multi-organ failure
or brain injury, Third, we repeated the analyses using
the relative risk estimate for all-canse mortality with
TXA when given at any time within eight hours of
injury. Although, previously published subgroup analyses
show that early treatment is more effective it is possible
that treatment within three hours is not possible in
some settings.

For each estimate, to reflect statistical uncertainty
around the relative risks of TXA, an uncer@inty range
was estimated by calculating the numbers of deaths
averted based on the 95% confidence intervals for the
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relative risks. The analyses were conducted using Micro-
soft Excel and STATA 11 (TX: SttaCorp LP) software,

Results
Estimation of the effect of TXA on death due to bleeding

by gecgraphial region
Figure 1 shows the effect of TXA given within three

hours of injury on death due to bleeding by geographical
region. There was no evidence for heterogeneity in the
effect of TXA by region (3* = 1.445; p = 0.70). The
overall BEs for the effect of T XA on death due to bleed-
ing when given within one hour (RR = (L68; 95% C1 0.57
to 0.82) and within three hours (BR = 0.72; 95% Cl 0.63
to (.83) of injury were therefore tnken as the most reli-
able guide as to the approodmate EHs in all regions, and
were used to estimate the number of deaths that could
be averted with T XA,

Estimation of the anme| number of in-hospital trauma
deaths due to bleeding

We identified 18 studies, described in 17 reports
[12-28], which presented data on the parameters of
interest and were included in the systematic review. Stu-
dies were conducted in 13 countries; USA, Canada, UE,
Awustralia, Brazil, Denmark, Norway, Mozambique, South
Africa, Italy, France, Spain and Indiz In sddition, we
ohtained datn collected as part of the CRASH-2 trial,
which recruited patients from hospitals in 40 countries
throughouot the world. The study selection process is
summarised in Figure 2. Data extracted from the shidies
are summarised in Additional Fle 1.

Foorteen stodies [13-15,17,19-27] involving 24,831
trauma deaths provided data on the proportion of
deaths occurring in-hospiml; the pooled proportion was
44% (95% CI 33 to 56%). Five studies [3.12,16,18,28]
involving 9684 deaths presented data on the proportion
of blunt trauma deaths due to haemorrhage; the pooled
proportion was 18% (95% CI 13 to 23%). Four studies
[3,12,16,28] involving 2256 deaths presented datm on the
proportion of penetrating trauma deaths doe to

b Rlak raile (5% £
Alrka FITTEL V) —. ) (262050
Riia LOE/3ERE —— CLEL [OED-1 08
Eurnpe, Aciliale & LT R — T A2 004
Mty A
Cairtral & Souh Ameilcs  S16,3.000 —— T [0 0
(el BEE/13484 il BT A0 53)
f':—“ﬁﬂfﬁ T T T T 1
(%] oA ®E OF 1 LX 14

Figure 1 Risk ratio (95% Cl} for death due to bleeding with
TaA ghven within three houwrs of injury, overall and by

geographical region
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haemorrhage; the pooled proportion was 55% (95% Cl
49 to 62%).

After applying these parameter estimates to the WHO
data, we estimate that worldwide every year approxi-
mately 400,000 trauma patients die in-hospital from
blecding. If all of these patients receive TXA within one
hour of injury the aboat 128,(0 (uncertainty range
[UR] = 72,000 to 17Z,000) deaths could be averted, If all
of these patients receive TXA within three hours of
injury about 112,000 (UR = 68,000 to 148,000 deaths
could be averted. The global distribution of mumber of
premature deaths averted by TXA when ad ministered
within three hours of injury is shown in Figure 3.

Results for the countries where more than 1000 deaths
could be averted are shown in Table 1. The largest
numbers of deaths from haemorrhage and consequently

Paged o7

the largest mmmbers of deaths averted are in Asia. The
largest numbers of premature deaths averted are in
India (TXA = I br = 19000; TXA = 3 bz = 16,500) and
China (TXA = I fr = 17,000; TXA < 3 Jrs = 15,000).
When ranked by the number of premature deaths
potentially averted, nine of the top ten countries are low
or middle income, the exception being the USA where
approximately 4,000 and 3,500 deaths would be averted
by TXA given within one hour and three hours of
injury, respectively,

Sensitivity analyses

When the analyses were repeated using the values of the
lower and upper 95% Cls of the pooled parameter esti-
mates, the global number of deaths averted ranged from
approximately 76,000 to 198,000 if TXA ix given within
one hour of injury and from 67,000 to 173,000 if given
with three hours of injury. When the analysis was car-
ried out using the relative risk estimate for all-cause
mortality if TXA is given within one hoor (BR = (.87
(.78 to (L97) and within three hours [RR = 0.87; (0.B0 to
0.94) of injury, the number of premature deaths averted
was 52000 (TXA < 1 hr = 12,000 to B8,000; TXA = 3
hrs = 24,000 to 80,00{). When the analysis was repeated
using relative risk estimate for death due to bleeding
when TXA is given at any time within eight hours of
injury (RR = (L85 0.76 to 0.96), the number of prema-
ture deaths averted was 60,000 (UR = 16,000 to 94,000
Finally, using the relative risk estimate for all-cause
mortality when TXA is given within eight hours of
injury (RR = 0.91; (.85 to 0.97), an estimated 36,000
(UR = 12,000 to 60,000) premature deaths could be
averted.

| BRI
I oo - 1000
I zs0c - so00
| 1900 - 2500
]
[ | Medain
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Figure 3 Global dis.u-!:pdm of number of deaths averved with TXA administration within three hours of injury
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Table 1 Estimated number of premature trauma deaths averted by TXA per year

In-hospital trauma deaths from bleeding Deaths averted THA < 1 howr

Deaths averted THA < 3 hours

Winawicis A00457 134,143 11213
ounises with = T000 geaihi avariel
L ] S2a01 14815 15464
Thina 241 17357 15187
Bl 153,187 6, 140 5372
Feissian Fecarathon 16731 5,354 4635
Mhyaraman 13193 432 3634
L= 12,786 409 3580
LEA 12463 3996 3497
e s 1,083 153 3083
O Coxmens 4373 2995 2624
5 Lanka a3 2873 2514
Pakigan arm 2806 2456
Erfiogia 8768 2806 2455
heda d3as8 2543 2312
Cokeinbia A 2as 2058
Supcian .- 2334 2042
Aanodacash 7210 2307 249
L= 753 2253 L9765
PuEppines 6113 1,28 1713
Thadlane 5572 1733 1550
Alghaniaan A774 152 1,337
Ugands 4 6] 1,478 1,234
Sompth Afdca 4245 1,359 1,183
vensheh 4172 1335 1,168
Kama 4729 1,588 1128
Tanzaria 3568 127 1111
c ELn] 1255 1098
Discussion reliable puide to the approximate BRs in all regions. We

Based on WHO mortality data and a systematic review
of the literature we estimate that there are about
400,004 in-hospital deaths from bleeding each year
worldwide, If all hospitalized bleeding trauma patients
could be treated with TXA within an hour of injury
then up to 128,000 of these premature deaths could be
averted. If they could be treated within three hours of
injury then up to 112,000 premature deaths could
averted. Although there is considerable uncertainty in
the estimates even the most conservative suggest that
tens of thousands of deaths could be averted every
year:

We found no compelling evidence that the effect of
TXA on death due to bleeding varies by geographical
region. Our conclusion is based on a statistical test of
interaction which is considered to be the most appropri-
ate way to evaluate subgroup effects [29]. As recom-
mended by method dogists, we pre-specified that unless
there was strong evidence against the null hypothesis of
homogeneity of effects (ie p < 0.001), that the overall
risk ratio (RR) would be considered to be the most

found no sttistical basis to reject the null hypothesis.
The data sources used to parameterise the model are
subject to 8 number of limitations which may have
affected our results. First, although the WHO database
provides the best available country-level mortality data,
poor coverage and coding of mortality registration sys-
tems may affect the accuracy of the number of trauma
deaths for some countries. Second, cur classification of
trauma deaths into blunt or penetrating trauma based
an the canse of death categories in the WHO data was
somewhat arbitrary and would have resulted in some
misclassification. However, in the absence of accorate
country-specific data, we judged that this approach
would provide the most reliable estimates. Third, due to
the absence of country-specific data for the proportions
of deaths ooccurring in hospital and the proportion of
deaths caused by haemorrhage, we chose to apply aver-
age global estimates. We were therefore unable to incor-
porate between-country variations in these parameter
estimates into our analysis. Nevertheless, our estimates
were derived from a systematic review of the recent
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literature and data from the CRASH-2 trial, and thus
represent the most accurate estimates availsble, We also
performed sensitivity analyses to assess the impact of
uncertainty around the parameter estimates.

Since many deaths from self-inflicted injuries are not
usually associated with life-threatening haemorrhage (2.
g self-poisoning, hanging) we excluded this category to
avoid over-estimating the number of deaths due to
bleeding. However, this is likely to have led to the exch-
sion of some self-inflicted deaths that were associated
with haemorrhage, in which case we may have underes-
timated the potental of TXA administration.

Owur analysis was based on a number of assumpticns.
We have assumed that there was no use of TXA as a
treatment for traumatic bleeding prior to publication of
the CRASH-2 trial results It is possible that a small
proportion of the trauma deaths in our sample did
receive TXA prior to their death, which may over-esti-
mate the number of deaths averted. However, given that
any such prior use of TXA would have been minimal it
is unlikely to have greatly affected our overall estimates,

The objective of our analysis was to estimate the
potential mumber of deaths that could be averted assum-
ing TXA wse under optimal conditions, that is, when
administered appropriately and within three hours of
injury, to all eligible bleeding trauma patients. It is
unrealistic that such conditions are consistently and
fully achieved in clinical practice. For example, the
opportunity to treat some eligible patients will be
missed and errors in the dose used or its administration
may reduce the beneficial effect of TXA.

We assumed that the results of the CRASH-2 trial could
be extrapolated to all hospitalised bleeding trauma
patients. The CRASH-2 trial used clinical criteria to
recruit 8 large number of patients from 274 hospitals in 40
omuntries, which helps the results to be generalised widsy.
Whilst we acknowledge that the underlying risk of death
will vary in different settings, this does not neceszarily
imply that that the relative effect will vary. Indeed, relative
effects are often remarkably homogeneous despite differ-
ences in underlying risk. This is supported by empirical
evidence from a range of trials in which the rdative effects
are constant across variations in baseline risk [30].
Furthermore, there is no reason to suppose that the
mechanism of action of TXA would vary in different
populations. However, we acknowledge that the appropri-
ateness of such ectrapolation is a matter of judgement

A further assumption is that all trauma patients
reached hospital in time to receive early reatment with
TXA; that is cither within one hour or within three
hours of injury. Such & time frame is unlikely to be rea-
listic in many settings where long distances and other
logistical difficulties| may delay arrival at hospital. For
this reason we performed sensitivity analyses based on
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the relative effect of TXA from a more conservative esti-
mate of time-to-treatment of within eight hours of
injury, the results of which still suggest that up to
60,000 deaths could be averted. Besides, there is reason
to predict that time between injury and treatment would
be shorter in clinical practice than in the CRASH-2 trial
a5 delays caused by consent procedures would be
avoided [31].

In applying the BR of death due to bleeding in our
primary analysis we assumed that all deaths in this
group would be avoided. However, it is possible that
whilst TXA may prevent death due to bleeding, some
patients would die from other causes instead. If this is
the case, then our primary analysis would over-estimate
the number of death averted. To address this we per-
formed a sensitivity analysis in which the effect of TXA
on all-cause mortality was nsed. Even using this smaller
relative reduction, up to 50,000 deaths could be averted.

We restricted our analysis to the potential benefit of
in-hospital nse of TXA. However, our parameter esti-
mate of the proportion of in-hospital trauma deaths
indicates that most trauma deaths occur before arrival
st hospital. TXA is a practicable treatment snitable for
use in a range of health-care settings, including pre-hos-
pital. If TXA was used in the pre-hospital setting then
many more premature deaths might be averted.

Conclusions

Cur analysis shows the potential of TXA to reduce
trauma deaths worldwide. Realisation of this potential &
likely to require further efforts in dissemination and
implementation, particularly in low and middle income
settings.

Additional material

Additional file 1: Surmmary of data extracted from studies incheded
in system atic review

Acknarwie

The CRASH-2 sl wom unded By the LUK MER Heaith Techooiogy
Moestgren] progrsmame, Plizes, BUPA Foundason and P Modion Ohastsble
Foundston

Martheors” contribations

B, K and I deusgnsd the study KK, ¥ snd PP obtssned the dats s
cxmckictad sl anabyes with aschics Som PE s B EX w1 g weth
gt Borh &1 ofhen suficors AN aifon had LU access, o 41 fhe ddla o the
sturly and had Bnad regovsibdity ky e dedson 10 strritl o puicaion
Al suthory emad i apparved the Bl manascsst

Competing intorests

The authors declae thal Tey have no campeting imeests,

Received: 8 Aodgeest XF11 Accepied: 1 March 2012
Publishad: 1 Mardh X112

239



Ker et al. BMC Emeargendy Madlclne 2012, 123
Ihttpy fwawewd biomedoenirale om /147 1-227%,12/3

References

(]

13

1z

W0 s & vidence e laan Gerevg 20100

Sapia A, Moo FA, Mooe EE, Moser BE, Beenran B, Bead RA Pom PE

Epdemindagy of fraumas deathe: & reawies sment. ! Towma 1996,

ZR}IE-190

The CRASH-E Coiar oy Bliecs ol fenesamic scid on death, vesculsr

ocdushe eventy, and biood transfision in Faumas patients with

sgnificnt haemordhage (CRASH-IT & randomised, placeho-con'alled

wial dae et 2040, IMGOTIE) 2332

The CRATH-2 Colwr & The impartsnes of esdfy Sestment with

Tanexamic aci in biseding Tauma pafents an expbatary sabs b of

the (RASH-2 randomised contralied wisl lonee 2071,

A7RATTIL 10610, 1101 e1091-1092

Guemiera 0, Cams | Perel PSPl M Baters [ Gostefertiveness
hysis of adminisedng ic sl 1o biseding taume patients

wsing evidence frym the CRASH-2 trial, Plof Ore 2011, 8{5)= 18287

Wi Sommady of he sepo of dhe Bh mesting of the WHD Experit

ol an e Seladon dnd Ui of Fesnb! Medenes Gerenva; 1001

Bt Fomes Mesar: Injred soddiers in AMghsnisten sived by bload-

dioting diug 190111 201 Fimhewsa jou tiecompaath?

= B ]

Peden M, Moes & Sharrie G The oy chat books o geslvad overlew of

the ooy boeden of dniies Genevas Wibdd Medth Organzation, 3002

M 05, Wade O The epidemisiogy end madem menagement of

raumatc hemorhage LS snd intemasionsl perspectives. Tl Coe 2005,

SSupped 51515

Trirgpuan L Touse T Pidslls in meteranshysis of obneatinel studies

lemane fom 2 syematc edew of the risks of 3enting &r ntraranis!

efiemnscieyiy Soke 2000, 00101 £SRE-=TE7, aufr ey =590

DecSirnarian A, Laird At Met-analyshs in dfinks? wishi. Goard (o Tl

oS, TR -1

Boufanges L, Jonfe AN, Toteds B Menan | Catpers 2, Rossedl MW,

Ewets mortalty, ength of iy, and mels ssocised with setou

hemorrhege amang 1muma pafents Sndings fom e NaSonal Teuma

Ceta Band An Sy 2007, 781 21269-1274

Cemetfackes 01 iirmoee] B Saien A, Vierain G, Fnes P, Predion O

Grord G Chaen L Tetume deaths in s matus usban toume system: b

“rimodal” distribattion & valid concep® .} Am Tol Saxy 7005,

ANEPEL-3EE

Cenet ik ), Muray 1, Chardamdis X Ao K Vetmates G, Bhes P,

T L Trauma Fatalffes: time and botion of hospital deaths. J Am Gl

Swg 2004, 198{TED-26

O Baddaiornss 5, Sweion G, Mdkheiudig W Mad G Buds [ Eaadescuti C,

Lafiusds [ Scin T Epdeminlogy of majos infusy in e popuision of

Full Venezis Glula-kaly inpey 004, 35000301400

Deaton AP, Sarmiury LG, eane § Kamer E, Hesa 8, Scaes TM Traoma

mortelity in mafuse tsume Systems are we daing bette? An anabed of

auma mofaiity peitems, 19972008 ) Fawna 2010 SHEIEHHMN

Brar 1A, wan Wesen K McDougel D) Lee BA, Lyori T, Batogh 71

Egdeminlagy of e deathec amprehensive pogu tion-based

Esvemment. Whwkl | Sog 2000, 3411155163

Gy T Deaths from Bunt traima, sfter ardval ot hospitat phis a

change, phe ciest b meme dae. byuy 2005, 3614750

. Gomer D), Bemune M, Xrong W Almed W, Hasl B, Schourman N,

Blaghensy AT Identifying tagets for poentsl intessenSon 1o reduc
wusd frasumas destha- & populstion-based snalysi. ) Troorna 2000,

S AL

Gomer Lde Sagira Nen, Boncormpie MM, Socrria AR, Lous (O, Sequir
Gomes M, Qg B Compatson of motaiily due o s muiltiphs
Faurn: in two compeshens e models of emergency came Afantic
Pyseness France] and Mavasa {Spein] J Greg Meed 2009, IHHIE-200
Masela CA, Pinfa WF, Cosie Pacs AD, Speniae Mettn FA, Reoi 5,
Sy & Temperd distrilution of treumas desthe quality of Fauma
cxre i adevelaping countsy. J Toxma 008, BREE53658

Me=i B Prehaspitd snd hospital traimatic desths in the fommer
homeland of Transke] South Afca | Chn Foversic Med 2004 1100}6-11
Meser B Thormsen AR, Alrichrorn H, Guidsiad M, Bomge 2, Srbmuissen WY,
Remnepasn LE Trisge snd mortadity in 3875 condecutive raema patent.
At Andethesin! Seand 2000, S8 215723

Page 7d 7

3 AErarm M, Medowiat DWW, Zcain E, Korale B Motsity due to
Injuse in Maguio Clty, Mozamiiique. i J by Gonte Saf Promet 2006,
1H1H-6

¥ Polera BM Hoyt 0B, Caimira A, Fothge O Flaofad 7, Holingisor
Fadhurdd P The spidemiciogy of ssrimn and &tal injury in San Diego
Coumty ower an 11-peat period. | Toena 300, 361116875

A Sngh 8 Palimar ¥, Asn M, Mobarty M Profle of tenme nelsted
iriadity &t Manipal Kothenand Unie e ) LWL 2008, S{23)395-297.

17 Soeerle ® Keaged AL Nad AL Sinmgeen CL, Sovedle |, Lo HME
Epidemioiogy and conemparay metms of toums desths: changing
plice; S imiller paes, obder See Wokd ) Sorg 2007, 3110200

3 Ten HE Spencer F, Bernbrny LN, Bk 58, Brennewnan Ot Press ntahle
deghs fom hemorhage 2t 2 level | Cnadien tauma center. ) T
D007, EX1) 14014

2 FPoltreet PAE Tredtng individiish 2 Subgroup

Bt

s i1 rench

caonmolled 1Rals importsnoe, indictions, and ntegpretation. Lo = J005,

35504541 76188

W Furakeas TA, Goyant G Geiffth LE Can we indiddusie the “numiber
nesded 10 tea? An empircal study of summary efect messue in
met-anatyses, b Fidemin! 2002 3117276

3 Robem | Peso-Merno O, Seder W O | Mchol b Bfect of coment

riuals an mostlity in ememend’ e emesh loee! 2017
ATNTEIO7HI072

Pre-publication history
The pe=-abicasion hisiody for this piper cam b ados i hens
Hity ey e biomedc endrdl comy 147 1- 2270 12 peph

chac 10111 86147 1-227K-1 23

Cite this article ax = =t o Awgidabie moriity foom geving
tanmamc i o Heeding trauma patents an estimaton based on
WHO mortaiity daty a systematic teratne review and data from the
CRASH-2 trial. BWC Frergency Medicnes 2012 123

Submit your next manuscript to BloMed Central
and take full advantage of:

= oy 't onfine

= Thorough pesr review

* Ho space constraints or cokor figure charges

= immediate publication on acceptance

¢ Inclusion in PubBed, CAS, Scopus and Google Scholdar
* Resmanch which i freely svailable for redistribution

s () amed s

240



Appendix AA. Research Paper 5: Summary of data extracted from studies included in systematic review

Author, year Country Design Deaths (n) Deaths occurring in- Blunt trauma deaths Penetrating trauma
hospital (n) due to haemorrhage (n) deaths due to
haemorrhage (n)

Boulanger 2007 USA Trauma-registry based study; 2000- 7362 - 19.6 56.3

2004
CRASH-2 2010 Worldwide Randomised controlled trial; 2005-2010 1618* - 28.2 59.6
Demetriades 2004 USA Trauma-registry based study; 1993- 2648 334 - -

2002
Demetriades 2005 USA Trauma registry and emergency 4151 79.6 - -

medical services records based study;
Jan 2000-Dec 2002
Di Barolomeo 2004 Italy Prospective population-based study; 286 37.8 - -
March 1998-Feb 1999
Dutton 2010 USA Trauma-registry based study; July 1996- 2327 - 18.5 46.6
June 2008
Evans 2010 Australia Prospective study of autopsies reports 175 61.1 - -
and medical records; Feb 2005-Jan

2006

Gilroy 2005 UK Retrospective study of in-hospital 94** - 13.8 -
deaths; 2001
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Author, year Country Design Deaths (n) Deaths occurring in- Blunt trauma deaths Penetrating trauma
hospital (n) due to haemorrhage (n) deaths due to
haemorrhage (n)
Gomez de Segura Spain Prospective study of severe multiple 165 27.3 - -
Nieva 2009a injury patients; April 2001-March 2002
Gomez de Segura France Prospective study of severe multiple 151 33.8 - -
Nieva 2009b injury patients; April 2001-March 2002
Gomez 2010 Canada Retrospective population-based study; 3486 46.2 - -
2002-2003
Masella 2008 Brazil Retrospective population based study; 787 43.1 - -
Jan 2000 — Dec 2001
Meel 2004 South Africa Retrospective study of medico-legal 274 25.9 - -
autopsies; 1997-1998
Meisler 2010 Denmark Prospective population based study; 2068 41.7 - -
2006
Nizamo 2006 Mozambique Respective review of registered deaths; 1135 38.8 - -
2000
Potenza 2004 USA Retrospective population based study; 14,767 27.9 - -
1987-1997
Singh 2008 India Retrospective study of autopsy reports; 344 75.8 - -

Jan 2001-Dec 2003
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Author, year Country Design Deaths (n) Deaths occurring in- Blunt trauma deaths Penetrating trauma
hospital (n) due to haemorrhage (n) deaths due to
haemorrhage (n)
Soreide 2007 Norway Retrospective review of autopsy 260 48.1 - -
reports; 1996-2004
Tien 2007 Canada Retrospective study of in-hospital 558 - 8.5 61.6

deaths; 1999-2003
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Badkgrownd Postpartem heemomhage is the leading cnme of
maternal mordality. Tranewsmic acid [TXA) reduced surgial
haemurrthage and the sk of death in Blesling traums patiens,

Objectives To amess the =fects of TN oo sk of postparaem
haemuorthage and other cindeally relevant oudoomes.

Seardh strategy We ssanched the MEDLINE CENTRAL,
EMBASE, PubMed, CliniclTralugov and WHO HCTRF dedromnic
datshases to May 2013,

Selection criteria Ranadomised controlled trisls comparmg THA
with ne THA or placebs in women giving birth vaginally or by
CRERIrET SRR

Data collecton and analysis Two suthors evtractal deb and
amemed the rsk of bas for cach trial. Because of dyiz concema
we did not condect 3@ metaamlysis

Main results We lound 26 trids including 2 tonl of 4191 women
Examination of the trial reports rased concems showt the quality
of the data. Eight trial reports comtaimed identical or similer tex
and there were important data inconsistencies in sevenl trials,
Twa trial did not bave ethie committes approval. Meta-analysis
ol brsedinee variables suppested that randomiztion was imsdeguie
iy iraks,

Conchesions There @ om reliable evidenoe il TXA prevents
postpartem hasmomhage during childiinh. Many of the triak
wcomducted b date are small, low quality and ontxin serious Baw

Keywonds Postpartum heemorrthage sysiematic review,
trmeamic acid

Twesatable abstract Mo evidende that THA prevents postpartum
hasrmurrhage Exsting trizls are unrdishle, with seriouws fRaws,

Pleaw cite this paper ae - Fer K, Shalur H, Robers 1 Does manesamic add prewem postparmm haemorrhaget A systematic reviss of randomissd commalled

il P0G 200& A T TSI TR

Introduction

Pestpartum haemorrhage (PPH), one of the most common
obstetric emergencies, oocurs in about 1089 of deliveries.” It
is the leading canse of maternal mortality worldwide,
responsible for about 50 000 deaths each year.® Becamse
hysterectomy is sometimes carried out to contmol the bleed-
ing, FPH deprives thousands of women of their ahility to
bear children Anaemis is another important consequence
that limits a mother's well-being and her ability 1o work
and care for children.”

Tranewamic acid (TXA) reduoces bleeding by inhibiting
the breakdown of Abrin blood cots. The WORMAN trial is
currently evalnating the effect of TXA on death and fys-
terectorny in women with established PPH.* However, for
many women, treatment of FPH is too late, Over one-third
of pregnant women in the world are anaemic and many

ame severely amaemic” In these women, even moderbe
blseding can be life-threatening and, by worsening their
anagmia, can cause disabling fatigue that limits their shility
to care for themselves and their haby” TXA @ven at the
time of delivery could prevent severe postpartum hlesding.
Flasma t-FA (the main fibrinolytic activator) douhles
within an hour of delivery, probably due to the trauma of
childbirth "

We conducted a systematic review of randomised con-
trolled trials to assess the effects of THA on the risk of
postpartum haemorrhage and other clinically relevant out-
COTEE

Methods

We specified the methods in advanced and registered the
review on PROSPERD [(CRD4EX0 | 500670]).
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Selection criteria and search strategy

W searched for rndomised controlled trials comparing TXA
with no TXA or a placebo in women delivering vaginally or by
cagsrean section. The primary outcome was the number of
wormnen with a dinical diagosia of postpartum hasmorrhage.
Triak of TXA for the treament of established postpartum
haemorhage were not eligihle, Secondary ootcomes were
death, blood loss, blood transfsion, thromboembolic events
imyncardial infarction, stroke, deep vein thromboss, and pul-
mionary embolismi, .iurgic.l] intervention, matemal wel-being
and quality of life, and adverse events in baby.

Eligible trials were identified from a regiser of ran
domised commlled triaks of anti-fibrinolytic drug main-
tained by the London School of Hygene & Medicne
Qinical Trials Unit (LSHTM CTU). The register contains
necords af trials identified through searches of MEDLINE,
CENTRAL, EMBASE, Pubhed, E.ljuic:ﬂ'ﬁzh.gmr and the
WHO International Clinical Trials Registry Platfornn, Each
database was searched using a combination of subject head-
ings and keywords (Appendix 510 In addition, we checked
reference lists af melevant articles and searched the internet
asing the Google fearch engine for further potentially olig-
hle trials The searches were run to 13 May 2015 and were
not restricted by date, language or publication status

Procedures

e author screened the titles and abstracts of the search
output to identify potentially eligible trials. The full tew of
these meports was then retrieved and asessed for eligibility,
Data on the number of participants, type of delivery, dose
and timing of THA tpe of comparator and omeome data
were extracted by two authors wsing a form developed
specifically for the review, We used the Cochrane Collabo-
rtion tool for assessing the rigk of bias, The rigk of bias
msrament was hased on the information presentad in the
trial repnn_' We assessed the sequence generation, alloca-
tion concealment, blinding, incomplete outcome data and
selective nutcome reporting as being at low, high or unclear
sk of bias for each trial

Statistical amalysis

For dichotomons outcomes, we calculated risk ratios and
Qo4 confdence intervals, Por continuous  oumoomeas, we
calculated the mean difference and 5% confidence inter-
val However, for blood loss, we estimated the proportional
change in blood loss with THA. Full details of the method
ased are described elewhere” In brief, we expressed the
change in blond less with THA as a proportion of the
hlood loss in the control group, As estimates of average
blood los are not normally ditriboted, we trmnsormed
blood loss data into a logarithmic scale and conducted the
analysis using the trandomed vahes, A meta-analysis of
the differences in means using the transformed data on

blpod loss corresponds to o meta-analyds of the ratio of
the geometric means on the original scale. The estimates
were back-transformed o give the blood loss ratios and
95% confidence intervals on the orignal scale, If suffi-
dently homogeneons n terms of patients, intervention and
outcome measurement, we planned to pool the tdal data
using the fixed sfect model

We planned to conduct subgroup analyses o examine
whether the effect of TXA on the risk of PPH vared
according to whether the women were anaemic af haseling
{anaemic = Hb <11 wdl and non-anaemic = Hb =11 g/dl)
We also planned a sensitivity analysis restricted to triak at
low risk of hias for allocation concealment. Analyses were
carried ow wsng stama verssion 13 and npoan version
535 We reported the wview in accordance with the
PRISMA Statemnent [Table 51,

Results
Trial chamcteristics
We identified 31 reports'™** describing 26 trials imolving
a total of 4191 women (Figure 51]. The trial reports were
published between 2001 and 2015, Five trials were Master's
degree projects that were later published in medical jour-
nals. Two triak were reported a8 conference abstracts only,

The characteristics of the induded trials are shown in
Table 52 The median sample size was 120 (min-—
max = 74-=740), They were conducted in China [n = 3],
Egypt (m=2), India (n=9), Tran (n=5), Malaysia
(m=1), Pakistan (n=2), Turkey (n=3] and Ukraine
(m=1). All bt one were single-centre trial, Twenty-two
trials msaessed the effect of TXA in women giving hirth by
casarean section and four in women giving birth vaginally.
e trial was restricted to anaemic women (Hb 710 g/dll.

TXA was given within 30 minuotes prior to incision in all
of the casawan delivery trials excepr for ane in which
TXA was administered at delivery of anterior shouder, Of
the four triaks involving vaginal delivery, THA was given at
delivery of anterior shoulder in three and at delivery of the
placenta in eng. The THA dose ranged fram 0.5 to 1 g
THA was compared with placebo in 13 tiak and with a
no-TXA group in 13 frials

The number of patients allocated to each group was not
meparted i one tral and so the data could not be used,
The feguency of FPH was reported in 13 (50%) trials,
blood losm in 24 [92%), thromboembolic events in 16
(62%), death in six (23%), surgical intervention in five
{1%%], and blood ransfusion in 10 (38%). None of the tri-
als collectad datas on maternal well-heing or quality of life,

Risk of bias
A surmmary of the risk of jodgements is shown in Figure 52,
The method wsed to generate the allocation sequence was
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adequate in eight trials and inadequate in four, The
remgining 14 trials did not describe the method ned and
3o the risk was unclear, Allbcation concealment was ade-
quate in four, inadequate in seven, and unclear in 15 triaks,
Blinding was adequate in 11 trak, inadequate in 13, and
unclear in two trials, There were no missing outoome data
in four trials {low sk of bis). However, there wene post-
randomisation exclusions in three triak {high risk of hias).
For the remaning 19 triak, insufficent information was
reported to judge the risk of bias fom mising outcoms
data. In the one trial that was prospectively registered,
comparison of prespecified and reported outcomes sug-
gested selective outcome eporting. We could not deter-
mine the ride of bias from selective outcome reporting for
the emaining trigls, which were either retrospectively regis-
tered {n = 5) or not registered (n = 20).

Data reliabilivy

Several mports mised concems about the data and
prompted further imvestigations Eight reports contained
sections of identical or wery similar text despite purporting
v be differemt triak (Table £3), in addition, many of the
results sections contained discrepandes and other errors.
We therefore sought further information from the authors
of all trial wporis to reassure oursehas aboot the reliahility
of the data. We identified contact information for as many
authors as possible, Each author was contacted and asked
to provide the dates when the fisst and last patients were
randoanisad: a copy of the ethics commitee approval; and
the anomymised individual patient data, Where posible we
abko contacted the ethics committee for confirmation of
their approval.

We received resporses for 13 (50%) trials [Tabhle 54).
O author dedlined to provide the information requested.
Authos of nine trials confirmed recruitment dates, one did
not have a record of the dates, and one did not incude
this information in the response. We received a copy of the
ethics approval for W trials, one of which was granted after
the start of recruiment, Two tral did not receive ethics
approval. In ope case, an author explained that the trial
was undertaben for o student thesis ad formal approval
from the ethics committes was not required | this was con-
firmed in a separate response from the ethics committes).
In the other, athough the trisl report stated that ethics
appmval had heen abtained, the mithar stated this was not
in fact the case. This was confimned by the sthics commit-
tee, who said that they had no record of the trial, No
cxplanation was offered as to why approval was not
obtained.

Seven of the 13 trak for which we received a respanse
sent individoal patient data The authers of two thak did
nat respond to this part of oor request and one author of
wo trials expliined that he was unable o send us the data

Transamic acld for preventing postpartum haemorhage

due to the theft of the laptop on which the data for both
triak were stored

We then explored the success of the randomisation pro-
oes by condudting meta-amalyes of selected baseline vari-
ahles, As recommended by Clark et al* we meta-analysed
age as well a5 haseline hasmoglobin (Hb), which we identi-
fied a5 another relevant prognostic covartate, The premise
of this amalysis is that if the trials are properly randomisad,
there will be no heterogeneity, ie. I' = 0% and any differ-
ence in hasline variables will be minimal and the result of
random error® Figures 53 and 54 show the results of the
meta-analyses of age and bassline Hb, There wa no
heterngeneity (F =0%) observed for age. However, there
was 4 statistically gnificant difference between groups sug-
gesting that women allocated to the TXA gmup were
younger than those in the contral (P = 601), although this
difference was not observed when the analyds was
restricted to adequately concealed trialks (P = 0.5%). There
was substantial heterogeneity between trials for baseline Hh
(I* = £7%) and a statistically significam difference between
groups indicating that women allocated to the THA group
had 2 lowsr Hb at baseling than those in the contral
[P =9.02). Substantial heterogeneity remained when the
amalysis was restricted to  adequately concealed trials
(= 62%], although the difference in Hb between ErOuUps
was no longer statistically significant (P = 0790,

Data analysis

A.Ithnugh the patients, imerventions and outcomes were
sufficiently homogenenus to pool the data, hecanse of our
comecerns ahout trial quality and data reliability we did not
conduct a4 mets-analwic Howewer, effed estimats and
45% Cls were calculated and presented as Forest plots (Fig-
ures 1-31. We stratified the trials according to whether the
final report contained similar text. Thiteen trials presented
data an the nunber of women who developed postpartum
haemorrhage. There was variation in the threshold wsed to
diagnose PPH. Four trials applied the wual definition of
blood loss =1000 ml after cassarean delivery ar =500 ml
after vaginal delivery, The remaining irials msed other,
lower threshalds, including =500 ml after cacsarean delivery
or 2400 ml after vaginal delivery, Because none of the trials
were prospectively registered, we cannot discount the possi-
hility that the selection of these thresholds was past fse and
data-driven. Tn all trisk, fower women in the TXA group
developed PPH than in the contral group,

Twenty-four trials p:rmﬂit.ﬂi data on average hlood lass
in both groops. All of the offect estimates are consistent
with less blood loss in the THA group; the difference is sta-
tistically sigificant in all but one tridl There i notshle
variation in the magnitude of the effect estimates.

Mine trials reported hlood transtusion data. There were
no events in two trials. In all of the remaining soven trials,
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Figure 1 Reoits of vk sseding the effect of THA on

THA Contred
Trial Events Total Events Total Risk Ratio (5% C1)
Abdel-Aleem 2013 1 3In 2 367 ——  0.98{0.14,595]
Gai 2004* zZ 91 35 89 -+ 0.61 (0,39, 0.96)
Goawami 20137 o030 o 0 Nt estifnabe
Gungordus 2010 7330 1% 330 —_— 0.37 (016, 0.86)
Gungorduk 2012 4 220 15 119 —— 0.27 (0,09, 0.7
Mirghafourvand 20138 & &0 15 60 1 0,60 (0,28, 1.26)
Wy 20128 19 88 28 &6 -t 0,66 (0,40, 1.0%)
Yang 2001* 14 186 @2 &7 -1 0,38 (0.22, 0.68)
Yahia 20147 33 106 a7 106 -+ 0,45 (0,36, 0.68]
Trials with taxt similarities
Gobbur 20145 & 50 15 50 —i— 0,40 (0,17, 2.95)
Gohel 20074 5 50 14 50 —t 0,36 (0,14, 0,92
Rarnash 2015% 7 100 70— 0.29 (0,06, 1.34)
Sharrna 2011% & 50 15 50 — 0,40 {0.17,2.95)
L L L J
IFPH delieed as: *=1000 mi;"2600 mi; l|;|,|;|1 0'1 1 1'0 mﬁ
Fesic =l Friot defined] Fawouirs THA Favours cantral
pastpartum hdfmorhage.
THA  Control
Trial Tatal Total Batio [9%% C1)
hbdel-Alesm 2013 O =+ 0L24 [0.41, D.46)
Gal 2004 | 8 -+ 082 (0,73, 0.93)
Goswami 2013 EO a0 -+ 0.60 0.55, 0.65)
Guagordui 2010 IE 330 + 0.82 [0.77, 0.87)
Gungordul 2012 i 716 b 0.7 (nE7, 1.8
Mirghafourvand 2013 O B0 —1 0U62 (0,52, 0.75)
Magwalegh 2011 50 50 —+ 0U66 (061, 0.71)
Poania 2012 50 501 + 0u44 (.42, 14E)
Safdarian 2015 ] o =+ .79 (074, 0.84)
Senturk 2007 1 122 —— 0.79 (0.63, 3.90)
Taj 2014 a o t 054 [0.59, 0.55)
Tarabein 2012 19 15 -+ U0 [0.55, 0.65)
¥u2HZ BE B -+ GUBE (0,76, B.97)
Yang 2001 86 E7 —— LUTT (067, DAR)
Yehia 2014 ] o -+ .59 (0,53, 065)
Dzl 2013 93 81 -t 075 (.64, 0LBR)
Trials with text similarities
Gobbar 2014 50 el b 0759 (0,72, 0.8B)
Gohel 2007 50 50 + 0,79 (0,76, 0.82)
Haldar 2013 50 E T 099 (0.95, 1.03)
Hamesh 2015 o 100 + 076 (0,72, 0L81)
Rashmi 2012 50 50 + 077 (0,73, B.81)
Sekhavar JH9 45 45 -+ 076 (0,70, 0.83)
Shahid 2013 13 36 —1 L4 [0.42, 0.57)
Sharme 2011 50 50 + .78 (0,76, B81)
T T

Figure 2. Fesiuits of tiak sdessing the eflect of THA on biood ko,

T L]
a5 oy 1 L5 2
Favours TE&  Favours contral
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THA Control
Study Events Total Events Total Risk Ratlo [95% C1)
Goswam| 2013 [ I ] 2 30 ——— 0,10 (008, 2.05)
Gungorduk 2010 2 330 1330 —-F 0.9 (0,06, 1.37)
Gungorduk 2012 1 220 3 21§ —+—— 033003347
Lafdarian 2015 @ 100 o 100 Mot estimable
Samimi 2013 G 100 4 100 — = 0.1110.01, 2.04)
Senturk 2012 ¢ 11 [1 I} Mot estimable
Ao 2012 B AR 19 Bs —t— 0,41 (019, 0.89)
Yehia Z014 G 106 20106 —+—— D000 412)
Trial with text simifarities
Shahid 2013 i 3 1z 36 —— 0.24 [0.07,0.77)
i t i
0.001 01 1 10 1000
Firvours THA Farvaurs contral

Figure 3. Results of tral sseseg fie etead of THA oo bood Fanstusan

fewer wornen in the TXA group received a blood tramsfu-
sion than those in the control group. There were no deaths,
surgical interventions, or cases of myocardial infarction,
stroke or pulmonary embolizm in any of the trials pepon-
ing these outcomes, In one trial, four women suffered a
deep vein thrombosis, there was no difference in risk
between the groups (TXA 288 vermis control 2986
RR = (%4, 95% CI 0,14—678)

Discussion

Main findings

Waorldwide, over 10 million women experience a postpar-
tum haemorrhage each year. About 50 (00 women die,
many more lose their ability to bear children, and hun-
dreds of thousands siffer debilitating fatigue from ansemia,
TXA is an inexpensive, widely available medicine that has
been shown to reduce bleeding in swgery and reduce the
rigk of death in bleeding trauma patientz**** It is therefore
unsurprisng that there is interst in its wle in the preven-
tion of postpartum  haemorrhage  However, our review
shows that most trials of THA are small, low quality, sin-
glecentre studies, We found that many trial reports shared
similar or identical text, and contained impartant errors or
inconsitencies. Two trials were conducted without ethics
committee approval and only one was prospectively regis-
tered

Strengths and limitations

Dge to concems aboui data guality and reliability we did
not conduct a meta-analysis, When emmined separately,
the results of the individual trials were largely consstent
with evidence from surgical bleeding with most reparting

less bleeding with TXA However, the criteria wed to diag-
nose PPH varied between trials and the absence of blinded
OuCOme sesment in many trisk may hawe introdoced
hias, Also, becaupse the trids are too small o ases the
effect of THA on maternal health outcomes and none mea-
sured materval well-being, the dinical importance of any
reduction in bleeding is nncertain,

Most spstematic reviews assume that wial reports provide
an accurate description of the methods and results, How-
ever, after finding that eight trials contined identical text
and that some of the trial results were also similar, we were
obliged to question this assumption, We therefore asked
the authors of all idals to provide dates of recruitment, a
copy of the ethics committee approval, and the anonymised
individual patient data in an attempt to assess their reliabil-
ity, We received a response for only half of the induded
trials and less than half of these provided all the informa-
tion requested Moreover, the meta-analyss of baseline
variables suggests that the randomisation process was inad-
equate in many triak, Although ow review aimed to
include only mndomised contmolled trials, many of the
incuded trials were not propely mndomised and were
imbalanced for key pmgnostic vanahles,

Interpretation (in the light of other evidence)

Other systematic reviews have msessed the effect of THA
on ohstetric b«lmdlng_“ However, ours is the first to
describe the scale and nature of deficiendies in the evidence
that go beyond the standard risk of bias assesment. Unless
these deficiencies are brought to the attention of the mater-
nal health community, reatment decisions conld be hased
on unsound evidence, putting women at risk, Indeed, some
of the trials have already informed the WHO
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recommendations on the use of TXA for the treatment of
postpanum haemomhage

Aswell & highlighting the poor quality of trial research in
this ares, the process of conducting this review has brooght
to our attention the lack of goidance on bow systematic
reviewers should deal with teal quality concerns that go
beyand those assessed by the standard risk of bias approach.

Furthermore, because we were unwilling to ignore these
concems, we devised our own approach to investigating
them, We do not clim that our approach is the best and
we welcome ideas on more effective ways to deal with simi-
lar sitmations in the furure,

Conclusions

Mthough reducing maternal mortality has been a develop-
ment goal for 15 years, this review suggests that D some
areas the quantity md quality of the rescarch needed to
support this humanitarian aspiration & inadequate and &
not commensurate with the level of political smbition. We
do not doubt that most of the inchided thak were con-
docted in good faith with the patients’ interssts in mind.
However, a problem of such gobal health importance
requires a stmiegic response from professional  wesearch
teamss rather than the efforts of concerned clinicians at a
dngle hospital. Large, high quality, multicentre trals with
endpoints that matter to women are urgently needed.
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Appendix DD. Research Paper 6: MEDLINE (Ovid) search strategy

1 | exp Antifibrinolytic Agents/

2 | (anti-fibrinolytic* or antifibrinolytic* or antifibrinolysin* or anti-fibrinolysin* or
antiplasmin* or anti-plasmin* or ((plasmin or fibrinolysis) adj3 inhibitor*)).ab;ti.

3 | exp Aprotinin/

4 | (Aprotinin* or kallikrein-trypsin inactivator* or bovine kunitz pancreatic trypsin
inhibitor* or bovine pancreatic trypsin inhibitor* or basic pancreatic trypsin inhibitor* or
BPTI or contrykal or kontrykal or kontrikal or contrical or dilmintal or iniprol or zymofren
or traskolan or antilysin or pulmin or amicar or caprocid or epsamon or epsikapron or
antilysin or iniprol or kontrikal or kontrykal or pulmin* or Trasylol or Antilysin Spofa or
rp?9921 or antagosan or antilysin or antilysine or apronitin* or apronitrine or bayer
a?128 or bovine pancreatic secretory trypsin inhibitor* or contrycal or frey inhibitor* or
gordox or kallikrein trypsin inhibitor* or kazal type trypsin inhibitor* or (Kunitz adj3
inhibitor*) or midran or (pancrea* adj2 antitrypsin) or (pancrea* adj2 trypsin inhibitor*)
or riker?52g or rp?9921or tracylol or trascolan or trasilol or traskolan or trazylol or
zymofren or zymophren).ab;ti.

5 | exp Tranexamic Acid/

6 | (tranexamic or Cyclohexanecarboxylic Acid* or Methylamine* or amcha or trans-4-
aminomethyl-cyclohexanecarboxylic acid* or t-amcha or amca or kabi 2161 or
transamin* or exacyl or amchafibrin or anvitoff or spotof or cyklokapron or ugurol
oramino methylcyclohexane carboxylate or aminomethylcyclohexanecarbonic acid or
aminomethylcyclohexanecarboxylic acid or AMCHA or amchafibrin or amikapron or
aminomethyl cyclohexane carboxylic acid or aminomethyl cyclohexanecarboxylic acid or
aminomethylcyclohexane carbonic acid or aminomethylcyclohexane carboxylic acid or
aminomethylcyclohexanecarbonic acid or aminomethylcyclohexanecarboxylic acid or
aminomethylcyclohexanocarboxylic acid or aminomethylcyclohexanoic acid or amstat or
anvitoff or cl?65336 or cl65336 or cyclocapron or cyclokapron or cyklocapron or exacyl
or frenolyse or hexacapron or hexakapron or tranex or TXA).ab,ti.

7 | exp Aminocaproic Acids/ or exp 6-Aminocaproic Acid/

8 | (((aminocaproic or amino?caproic or aminohexanoic or amino?hexanoic or epsilon-
aminocaproic or E-aminocaproic) adj2 acid*) or epsikapron or cy-116 or cyl16 or
epsamon or amicar or caprocid or lederle or Aminocaproic or aminohexanoic or amino
caproic or amino n hexanoic or acikaprin or afibrin or capracid or capramol or caprogel
or caprolest or caprolisine or caprolysin or capromol or cl 10304 or EACA or eaca roche
or ecapron or ekaprol or epsamon or epsicapron or epsilcapramin or epsilon amino
caproate or epsilon aminocaproate or epsilonaminocaproic or etha?aminocaproic or
ethaaminocaproich or emocaprol or hepin or ipsilon or jd?177or neocaprol or nsc?26154
or tachostyptan).ab,ti.

9 |lor2or3ord4or5or6or7or8

10 | randomi?ed.ab,ti.

11 | randomized controlled trial.pt.

12 | controlled clinical trial.pt.

13 | placebo.ab.

14 | clinical trials as topic.sh.

15 | randomly.ab.

16 | trial.ti.

17 | 10or1l1or 12 or13or 140r150r 16

18 | (animals not (humans and animals)).sh.

19 | 17 not 18

20 | 9and 19
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Appendix EE. Research Paper 6: PRISMA Checklist

Reported on

Section/topic

# Checklist item

page*

TITLE

Title Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT

Structured summary Provide a structured summary including, as applicable: background; objectives; data sources; study 2
eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results;
limitations; conclusions and implications of key findings; systematic review registration number.

INTRODUCTION

Rationale Describe the rationale for the review in the context of what is already known.

Objectives Provide an explicit statement of questions being addressed with reference to participants, interventions,
comparisons, outcomes, and study design (PICOS).

METHODS

Protocol and Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, 4

registration provide registration information including registration number.

Eligibility criteria Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years 4-5
considered, language, publication status) used as criteria for eligibility, giving rationale.

Information sources Describe all information sources (e.g., databases with dates of coverage, contact with study authors to 5
identify additional studies) in the search and date last searched.

Search Present full electronic search strategy for at least one database, including any limits used, such that it could Table S1

be repeated.

*Corresponds to page numbers within the manuscript submitted to the journal
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Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if 5
applicable, included in the meta-analysis).

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any 5
processes for obtaining and confirming data from investigators.

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions 4-5
and simplifications made.

Risk of bias in 12 Describe methods used for assessing risk of bias of individual studies (including specification of whether 5

individual studies this was done at the study or outcome level), and how this information is to be used in any data synthesis.

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). 5-6

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of 5-6
consistency (e.g., 12) for each meta-analysis.

Risk of bias across 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, n/a

studies selective reporting within studies).

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, 6
indicating which were pre-specified.

RESULTS

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for Figure S1
exclusions at each stage, ideally with a flow diagram.

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up | 6-7, Table S3
period) and provide the citations.

Risk of bias within 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 7, Figure S2

studies

Results of individual 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each | 9, Figures 1-3

studies intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. n/a
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Risk of bias across 22 Present results of any assessment of risk of bias across studies (see Item 15). n/a
studies

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see n/a
Item 16]).

DISCUSSION

Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their 9-11
relevance to key groups (e.g., healthcare providers, users, and policy makers).

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete 9-11
retrieval of identified research, reporting bias).

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future 9-11
research.

FUNDING

Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of 12

funders for the systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA
Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed1000097
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Appendix FF. Research Paper 6: Flow diagram of the selection of trials

Records identified through database
searching (n=10024)

Additional records identified through

other sources (n=16)

Records excluded (n=9990)

Articles excluded (n=3)
ineligible patient group n=2
ineligible comparator n=1

r
Records screened (n=10040)
.
r
Articles assessed for eligibility (n=34)
.
(
Trials included in qualitative synthesis
(n=26, reported in 31 articles)
.
A 4
r
Trials included in quantitative synthesis
(n=25)
.
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Appendix GG. Research Paper 6: Characteristics of included trials.

Trial Participants Intervention and comparator Outcomes
Abdel-Aleem 740 women delivering by caesarean section Postpartum haemorrhage (21000ml)
2013 TXA group (n=373) TXA group Blood loss

Single-centre,
Egypt

Age mean(sd)=26.62(5.05)

Baseline Hb<11g/dL=55%
Control group (n=367)

Age mean(sd)=26.34(5.16)

Baseline Hb<11g/dL=46%

1g IV given over 10 mins before incision

Control group
No TXA

Both groups received oxytocin

Thromboembolic events
Surgical intervention
Death

Gai 2004

Multi-centre,
China

180 women delivering by caesarean section
TXA group (n=91)

Age mean(sd)=29.71(4.18)

Baseline Hb=NR
Control group (n=89)

Age mean(sd)=29.75(4.01)

Baseline Hb=NR

TXA group

1g IV over 5 mins, 10 mins before incision
Control group

No TXA

Both groups received oxytocin

Postpartum haemorrhage (2400ml)
Blood loss
Thromboembolic events

Gobbur 2014

Single-centre,
India

100 women delivering by caesarean section
TXA group (n=50)

Age mean(sd)=23.62(3.43)

Baseline Hb=NR
Control group (n=50)

Age mean(sd)=24.5(3.98)

Baseline Hb=NR

TXA group
1g IV 20 mins before incision

Control group
No TXA

Both groups received oxytocin

Postpartum haemorrhage (>500ml)
Blood loss
Thromboembolic events

258




Trial

Participants

Intervention and comparator

Outcomes

Gohel 2007

Single-centre,
India

100 women delivering by caesarean section
TXA group (n=50)

Age mean(sd)=24.30(3.65)

Baseline Hb=NR
Control group (n=50)

Age mean(sd)=24.89(3.99)

Baseline Hb=NR

TXA group

1g IV over 5 mins, 20 mins before incision
Control group

No TXA

Both groups received oxytocin

Postpartum haemorrhage (>500ml)
Blood loss
Thromboembolic events

Goswami 2013

Single-centre,
India

90 women delivering by caesarean section
TXA group 1* (n=30)
Age mean(sd)=23.6(2.5)
TXA group 2* (n=30)
Age mean(sd)=22.8(2.2)
Control group (n=30)
Age mean(sd)=24.3(2.6)

All women were anaemic at baseline (Hb 7-10g/dL)

[*combined for purpose of this review]

TXA group 1

10mg/kg IV 20 mins before incision
TXA group 2

15mg/kg IV 20 mins before incision
Control group

Placebo

All groups received oxytocin

Postpartum haemorrhage (not defined)
Blood loss

Thromboembolic events

Blood transfusion

Gungorduk
2010

Single-centre,
Turkey

660 women delivering by caesarean section
TXA group (n=330)

Age mean(sd)=26.3(3.5)

Baseline Hb mean(sd)=11.4(0.8)g/dL
Control group (n=330)

Age mean(sd)=26.6(3.6)

Baseline Hb mean(sd)=11.3(0.6)g/dL

TXA group

1g IV over 5 mins, 10 mins before incision
Control group

Placebo

Both groups received oxytocin

Postpartum haemorrhage (21000ml)
Blood loss

Thromboembolic events

Surgical intervention

Death

Blood transfusion

Gungorduk
2012

Single-centre,
Turkey

454 women delivering vaginally
TXA group (n=228)

Age mean(sd)=27.9(4.9)

Baseline Hb mean(sd)=9.9(1.4)g/dL
Control group (n=226)

Age mean(sd)=27.6(4.8)

Baseline Hb mean(sd)=9.3(0.9)g/dL

TXA group
1g IV at delivery of anterior shoulder

Control group
Placebo

Both groups received oxytocin

Postpartum haemorrhage (>500ml)
Blood loss

Thromboembolic events

Surgical intervention

Death

Blood transfusion
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Trial

Participants

Intervention and comparator

Outcomes

Halder 2013

Single-centre,
India

100 women delivering by caesarean section
TXA group (n=50)

Age mean(sd)=26.06(2.51)

Baseline Hb=NR
Control group (n=50)

Age mean(sd)=26.04(2.50)

Baseline Hb=NR

TXA group
1g 30 mins before incision

Control group
No TXA

Both groups received oxytocin

Blood loss
Thromboembolic events

Mirghafourvand
2015
Single-centre,
Iran

120 women delivering vaginally
TXA group (n=60)

Age mean(sd)=26.2(4.8)

Baseline Hb mean(sd)=12.9(0.9)g/dL
Control group (n=60)

Age mean(sd)=26.1(4.9)

Baseline Hb mean(sd)=13.0(0.9)g/dL

TXA group
1g IV at delivery of anterior shoulder

Control group
Placebo

Both groups received oxytocin

Postpartum haemorrhage (>500ml)
Blood loss

Movafegh 2011

Single-centre,
Iran

100 women delivering by caesarean section
TXA group (n=50)

Age mean(sd)=27.0(3.4)

Baseline Hb mean(sd)=12.5(1.4)g/dL
Control group (n=50)

Age mean(sd)=27.6(4.1)

Baseline Hb mean(sd)=12.8(1.0)g/dL

TXA group
10mg/kg IV over 10 mins, 20 mins before
anaesthesia

Control group
Placebo

Both groups received oxytocin

Blood loss
Thromboembolic events

Poonia 2012

Single-centre,
India

100 women delivering by caesarean section
TXA group (n=50)
Age=NR
Baseline Hb mean(sd)=10.2(0.73)g/dL
Control group (n=50)

Age=NR

Baseline Hb mean(sd)=10.1(0.91)g/dL

TXA group
1g IV given 10 mins before incision

Control group
No TXA

Both groups received oxytocin

Blood loss
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Trial

Participants

Intervention and comparator

Outcomes

Ramani 2014

Single-centre,
India

120 women delivering by caesarean section
TXA group (n=NR)

Age mean(sd)=24.9(3.9)

Baseline Hb mean(sd)=10.5(1.15)g/dL
Control group (n=NR)

Age mean(sd)=24.4(3.7)

Baseline Hb mean(sd)=10.1(2.14)g/dL

TXA group

1g IV prior to incision plus 2nd 500mg dose at

end of CS if bleeding continued
Control group
No TXA

Both groups received oxytocin

No useable outcome data (number
allocated to each group NR).

Ramesh 2015

Single-centre,
India

200 women delivering by caesarean section
TXA group (n=100)
Age mean(sd)=23.62(3.43)
Baseline Hb mean(sd)=10.84(0.75)g/dL
Control group (n=100)

Age mean(sd)=24.5(3.89)

Baseline Hb mean(sd)=11.4(0.89)g/dL

TXA group
1g IV given 10 mins before incision

Control group
No TXA

Both groups received oxytocin

Postpartum haemorrhage (>500ml)
Blood loss
Thromboembolic events

Rashmi 2012

Single-centre,
India

100 women delivering by caesarean section
TXA group (n=50)

Age mean(sd)=25.7(3.7)

Baseline Hb=NR
Control group (n=50)

Age mean(sd)=25.1(4.73)

Baseline Hb=NR

TXA group

1g IV over 5 mins, 30 mins before incision
Control group

No TXA

Both groups received oxytocin

Blood loss
Thromboembolic events

Safdarian 2015

Single-centre,
Iran

200 women delivering by caesarean section
TXA group (n=100)
Age mean(sd)=26.3(5.97)
Baseline Hb mean(sd)=11.96(1.00)g/dL
Control group (n=100)

Age mean(sd)=26.83(6.31)

Baseline Hb mean(sd)=12.28(1.26)g/dL

TXA group
10mg/kg IV 20 mins before incision

Control group
Placebo

Both groups received oxytocin

Blood loss
Blood transfusion
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Trial Participants Intervention and comparator Outcomes
Samini 2003 200 women delivering vaginally Surgical intervention
TXA group (n=100) TXA group Death

Single-centre,
Iran

Age(sd)=23.93(4.29)

Baseline Hb mean(sd)=12.73(0.9)
Control group (n=100)

Age(sd)=24.28(4.82)

Baseline Hb mean(sd)=12.92(1.51)

1g IV given at placental delivery

Control group
Placebo

Both groups received oxytocin

Blood transfusion

Sekhavat 2009

Single-centre,
Iran

90 women delivering by caesarean section
TXA group (n=45)
Age(sd)=26.2(4.7)
Baseline Hb mean(sd)=13.6(1.4)g/dL
Control group (n=45)

Age(sd)=27.1(4.1)

Baseline Hb mean(sd)=14.0(1.9)g/dL

TXA group

1g IV over 5 mins, 10 mins before incision
Control group

Placebo

Both groups received oxytocin

Blood loss
Thromboembolic events

Senturk 2012

Single-centre,
Turkey

223 women delivering by caesarean section
TXA group (n=101)

Age mean(sd)=30.2(6.83)

Baseline Hb mean(sd)=11.66(1.02)g/dL
Control group (n=122)

Age mean(sd)=29.22(6.93)

Baseline Hb mean(sd)=11.86(1.32)g/dL

TXA group
1g IV over 5 mins, 10 mins before incision

Control group
Placebo

Both groups received oxytocin

Blood loss

Thromboembolic events (DVT, PE)
Surgical intervention

Death

Blood transfusion

Shahid 2012

Single-centre,
Pakistan

74 women delivering by caesarean section
TXA group (n=38)

Age mean(sd)=24.18(3.93)

Baseline Hb mean(sd)=9.76(0.85)g/dL
Control group (n=36)

Age mean(sd)=24.89(4.16)

Baseline Hb mean(sd)=9.88(1.26)g/dL

TXA group
1g IV 10 mins before incision

Control group
Placebo

Both groups received oxytocin

Blood loss
Thromboembolic events
Blood transfusion
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Trial

Participants

Intervention and comparator

Outcomes

Sharma 2011

Single-centre,
India

100 women delivering by caesarean section
TXA group (n=50)

Age mean(sd)=25.63(3.72)

Baseline Hb=NR

Control group (n=50)

Age mean(sd)=25.88(3.89)

Baseline Hb=NR

TXA group
1g IV immediately before CS

Control group
No TXA

Both groups received oxytocin

Postpartum haemorrhage (>500ml)
Blood loss

Taj 2014

Single-centre,
Pakistan

120 women delivering by caesarean section
TXA group (n=60)

Age mean(sd)=23.56(3.82)

Baseline Hb=NR

Control group (n=60)

TXA group
1g IV 20 mins before incision

Control group

Blood loss
Thromboembolic events
Blood transfusion

Age mean(sd)=24.18(3.47) Placebo
Baseline Hb=NR
Tarabrin 2012 | 37 women delivering by caesarean section Blood loss
21,21,21,2 TXA group (n=19) TXA group Thromboembolic events

Single-centre,

Age=NR
Baseline Hb=NR

10mg/kg IV 30 mins before incision

Ukraine Control group (n=18) Control group
Age=NR Placebo
Baseline Hb=NR

Xu 2012 176 women delivering by caesarean section Postpartum haemorrhage (2500ml)
TXA group (n=88) TXA group Blood loss

Single-centre,
China

Age mean(sd)=26.7(3.7)

Baseline Hb mean(sd)=12.4(1.3)g/dL
Control group (n=86)

Age mean (sd)=27.1(4.1)

Baseline Hb mean(sd)=12.6(1.2)g/dL

10mg/kg IV 10-20 mins before incision

Control group
Placebo

Thromboembolic events (DVT)
Death
Blood transfusion
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Trial

Participants

Intervention and comparator

Outcomes

Yang 2001

Single-centre,
China

400 women delivering vaginally
TXA group 1* (n=94)

Age mean(sd)=27.6(2.9)
Baseline Hb=NR

TXA group 2* (n=92)

Age mean(sd)=27.0(2.6)
Baseline Hb=NR

Control group (n=87)

Age mean(sd)=28.0(2.6)
Baseline Hb=NR

[*combined for purpose of this review]

TXA group 1
1g IV after delivery of shoulders

TXA group 2
0.5g IV after delivery of shoulders

Control group
No TXA

All groups received oxytocin

Postpartum haemorrhage (2400ml)
Blood loss

Yehia 2014

Single-centre,
Egypt

223 women delivering by caesarean section
TXA group (n=106)

Age mean(sd)=28.4(4.9)

Baseline Hb mean(sd)=11.8(1.5)g/dL
Control group (n=106)

Age mean (sd)=28.6(4.7)

Baseline Hb mean(sd)=11.9(1.2)g/dL

TXA group
1g IV at induction of anaesthesia

Control group
No TXA

Both groups received oxytocin

Postpartum haemorrhage (2400ml)
Blood loss

Thromboembolic events

Blood transfusion

Zizi 2013

Single-centre,
Malaysia

174 women delivering by caesarean section
TXA group (n=93)

Age mean(sd)=NR

Baseline Hb=NR

Control group (n=81)

Age mean(sd)=NR

Baseline Hb=NR

TXA group
1g IV given immediately before incision

Control group
No TXA

Blood loss

TXA=tranexamic acid
sd=standard deviation

Hb=haemoglobin
NR=not reported
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Appendix HH. Research Paper 6: Summary of the risk of bias judgement for each methodological quality

domain (‘L' = Low, ‘U’ = unclear, ‘H’ = High)

Incomplete outcome

data
Selective outcome

reporting

Abdel-Aleem 2013 U
Gai 2004 U
Gobbur 2011 U
Gohel 2007 u
Goswami 2013 u
Gungorduk 2010 u
Gungorduk 2012

Halder 2013

Mirghafourvand 2015

= ‘ = ‘ =) ) & © .. ) (S ‘. =) & . = (E .. c ' c ‘. Sequence generation
G ‘ G . e 3 66 & G . = X= “ ) (& .. G .. (= ‘ = (& . Allocation concealment
00000°000:0000000000000000 -
- X X X X X X X ‘. (= .‘ = @ & E .
=

Movafegh 2011

Poonia 2012 u
Ramani 2014 u
Ramesh 2015 u
Rashmi 2012 U
Safdarian 2015 U
Samini 2013 U
Sekhavat 2009 U
Senturk 2012 u
Shahid 2013 u U
Sharma 2011 u u
Taj 2014 U U
Tarabrin 2012 u u
Xu 2012 @ ©
Yang 2001 u u
Yehia 2014 ®
Zizi 2013 U U
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Appendix Il. Research Paper 6: Selected extracts from eight included trials containing identical or similar text.

[Gai et al was the first trial to be published.]

areas of China.

world.1

the world1.

the world. (1)

worldl.

world [1].

areas of the world.

Gai 2004 Gobbur 2014 Gohel 2005 Halder 2014 Ramesh 2015 Rashmi 2012 Sekhavat 2009 Shahid 2013 Sharma 2011
Clinical Efficacy of | Efficacy of | Tranexamic acid used | Efficacy of | Role of Tranexamic | Efficacy of | Tranexamic acid in | Efficacy of
observation of | tranexamic acid in | tranexamic acid in | before caesarean | tranexamic acid in | acid in reducing | tranexamic acid in | decreasing blood loss | tranexamic acid
blood loss reduced | reducing blood loss | decreasing blood loss | section reduces | decreasing blood loss | blood loss duringand | reducing blood loss | during and after | in  decreasing
by tranexamic acid | during lower | during and after | blood loss based on | during and after | after cesarean | after cesarean | caesarean section blood loss
during and after | segment caesarean | cesarean section: A | pre- and | caesarean section: a | section: A | section. during and after
caesarian section:a | section. randomized case | postoperative randamized case | randomized case caesarean
multi-center, controlled haemoglobin level: a | controlled control prospective section
randomized trial. prospective study. case-control study prospective study study.

Caesarian section | Cesarean section | Cesarean section (CS) | Caesarean section | Cesarean section (CS) | Cesarean Section (CS) | Cesarean section (CS) | Caesarean section

(CS) rates have | rates have increased | rates have increased | (CS) rates have | rates have increased | rates have increased | rate has increased to | (CS) rates have

increased to as high | to as high as 25-30% | to as high as 25 to | increased all over | to as high as 25to 30 | to as high as 25-30% | ashighas25t030%in | increased to as high

as 40-50% in many | in many areas of the | 30% in many areas of | India. % in many areas of | in many areas of the | many areas of the | as 25-30% in many

Delivery by CS can
cause more
complications than
normal vaginal
delivery and one of
the most common
complications is
hemorrhaging,

which can be life
threatening. In
order to reduce
maternal mortality
and morbidity
caused by bleeding,
it is important to
reduce the extent

Delivery by CS can

cause more
complications  than
normal vaginal

delivery and one of
the most common
complications is
primary or secondary
hemorrhage. In order
to reduce maternal
mortality and
morbidity caused by
bleeding it is
important to reduce
the maternal bleeding
during and after

Delivery by CS can

cause more
complications  than
normal vaginal

delivery and one of
the most common
complications is
primary or secondary
postpartum

hemorrhage (20%). It
leads to increased
maternal  mortality
and  morbidity. In
order to reduce
maternal  mortality
and morbidity caused

Delivery by CS can

cause more
complications  than
normal vaginal

delivery and one of
the most common
complications is
primary or secondary
postpartum

hemorrhage (20%). It
leads to increased
maternal  mortality
and  morbidity. In
order to reduce
maternal  mortality
and morbidity caused

Delivery by cesarean
section can cause
more  complication
than normal vaginal
delivery and one of
the most common
complication is
primary or secondary
postpartum

hemorrhage (20%)1.
It leads to increased
maternal  mortality
and morbidity. In
order to reduce
maternal  mortality
and morbidity caused

Delivery by CS can

cause more
complications  than
normal vaginal

delivery and one of
the most common
complications is
postpartum bleeding,

which can be life-
threatening. To
reduce maternal
mortality and
morbidity caused by
bleeding, it is

important to reduce
the extent of bleeding

Delivery by CS can
cause more
complications  than
normal vaginal
delivery and one of
the most common
complications is
primary or secondary
postpartum
haemorrhage (20%).3
Obstetric
haemorrhage can be
life threatening,
therefore, to reduce
the morbidity and
mortality due to

The incidence of
complications is
much higher as
compared with
normal vaginal
delivery. Out of
these
complications
primary and
secondary
postpartum
haemorrhage is
most common.
It leads  to
increased
maternal
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of bleeding during
and after CS.

lower segment
cesarean section.1

by bleeding, it is
important to reduce
the amount of
bleeding during and
after lower segment
cesarean section

by bleeding, it is
important to reduce
the amount of
bleeding during and
after lower segment
cesarean section

by bleeding, it is
important to reduce
the amount of
bleeding during lower
segment cesarean
section.

during and after CS
[2].

obstetric
haemorrhaging  we
need to reduce the
bleeding at caesarean
sections.

morbidity and
mortality. Effect
of this
complication is
reduced by
reducing the

(LSCS) 1. (LSCS).1 amount of blood
loss during and
after cesarean
section.

Tranexamic acid is | Tranexamic acid is a | Tranexamic acid is a | Tranexamic acid is a | Tranexamic acid is a | Tranexamic acid is a | Tranexamic acid is a | Tranexamicacid (TXA) | Tranexamic acid
an inhibitor of | synthetic derivative | synthetic derivative | synthetic derivative | syntheticderivative of | synthetic derivative | synthetic derivative of | is a synthetic | (a synthetic

fibrinolysis. of the amino acid | of the amino acid | of the amino acid | the amino acid lysine | of the amino acid | the amino acid lysine | derivative of the | derivative of the
lysine that exerts its | lysine that exerts its | lysine that exerts its | that exerts its | lysine that exerts its | that exerts its | amino acid lysine that | amino acid
antifibrinolytic effect | antifibrinolytic effect | antifibrinolytic effect | antifibrinolytic effect | antifibrinolytic effect | antifibrinolytic effect | exerts its anti- | lysine) is an
through the | through the | through the | through the | through the | through the | fibrinolytic effect | antifibrinolytic
reversible blockade of | reversible blockade of | reversible blockade of | reversible blockade of | reversible blockade of | reversible blockade of | through the | that
the lysine binding | the Ilysine binding | the lysine binding | the lysine the lysine binding | the lysine binding | reversible blockade of | competitively
sites on the | sites on plasminogen | sites on plasminogen | binding sites on | sites on plasminogen | sites on plasminogen | lysine binding sites on | inhibits the
plasminogen molecules 2. molecules 1. plasminogen molecules 2. molecules [5]. plasminogen activation of
molecules.3,4 molecules.3,4 molecules. plasminogen to

plasmin.

It has been | Intravenous Intravenous Intravenous Intravenous Intravenous It has been routinely | It has been in used for

routinely used for | administration of the | administration of | administration of | administration of administration of | used for many years | many vyears for

many years to | tranexamic acid has | tranexamic acid has | tranexamic acid has | tranexamic acid has | tranexamic acid has | to reduce | reducing the blood

reduce been routinely used | been routinely used | been routinely used | been routinely used | been routinely used | hemorrhage during | loss in surgeries like,

hemorrhaging for many vyears to | for many vyears to | for many years to | for many vyears to | for many years to | and after surgical | cardiac surgery with

during and after | reduce hemorrhage | reduce hemorrhage | reduce haemorrhage | reduce haemorrhage reduce hemorrhage | procedures, such as | cardiopulmonary

surgical procedures | during and after | during and after | during and after | during and after | during and after | coronary artery | bypass, orthotopic

[1] such as coronary | surgical procedures | surgical procedures | surgical procedures. surgical procedures | surgical procedures | bypass, scoliosis | liver transplantation,

artery bypass, | like coronary artery | like coronary artery like coronary artery | like coronary artery | surgery and knee | transurethral

scoliosis  surgery, | bypass, scoliosis | bypass, scoliosis bypass, scoliosis bypass, oral | arthroplasty. prostatic surgery,

and knee | surgery, oral surgery | surgery, oral surgery, surgery, oral surgery, | surgeries2. total hip/knee

arthroplasty. etc orthotopic liver orthotopic liver arthroplasty, or

transplantation, total transplantation, total urinary tract
hip or knee hip or knee surgery,4...

arthroplasty, and
urinary tract surgery
3,4.

arthroplasty, and
urinary tract surgery.

It has been shown
to be very useful for
reducing blood loss

Tranexamic acid has
been shown to be
very useful in

Tranexamic acid has
been shown to be
very useful in

Tranexamic acid has
been shown to be
very useful in

Tranexamic acid has
been shown to be
very useful in

Tranexamic acid has
been shown to be
very useful in

It has been shown to
be very useful for
reducing blood loss

TXA has been shown
to be very useful in
reducing blood loss
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and blood
transfusion, but
there has been no

report on
preventing  blood
loss at CS.

reducing blood loss
and incidence of
blood transfusion in
these surgeries.*

reducing blood loss
and incidence of
blood transfusion in
these surgeries.

reducing blood loss
and incidence of
blood transfusion in
these surgeries?.

reducing blood loss
and incidence of
blood transfusion in
these surgeries.

reducing blood loss
and incidence of
blood transfusions in
these surgeries 2.

and blood transfusion

[6].

and incidence of
blood transfusion in
these surgeries...

In this study, the
efficacy and safety
of tranexamic acid
was investigated in
the management of
CS.

In  this study the
efficacy of tranexamic
acid in reducing the
blood loss during and
after LSCS...

In this study, the
efficacy and safety of
tranexamic acid in the
reducing the blood
loss during and after
LSCS was
investigated.

In this study, the
efficacy and safety of
tranexamic acid was
studied in reducing
blood loss during and
after CS...

In this study, the
efficacy of tranexamic
acid in the reducing
the blood loss during
and after LSCS was
investigated.

In  this study the
efficacy and safety of
tranexaminc acid in

reducing blood loss
during cesarean
section is

investigated.

In this study, the
efficacy and safety of
tranexamic acid in
reducing blood loss
after CS was
investigated.

In this study, the aim
was to determine the
efficacy and safety of
TXA in reducing the
blood loss during and
after LSCS.

A multi-center, | It is  prospective | This is a prospective | This is a prospective | A randomized, case | This is a prospective | A prospective, | It was a prospectively | The present
prospective, randomized case | randomized case | randomised case- | controlled, randomized case | randomised, case- | conducted study in a
randomized, case- | control study... controlled study. control study. prospective study... controlled study. controlled clinical | randomized double- | prospective
controlled clinical trial... blind placebo | randomized case
trial... controlled study... controlled study.

The study group | One hundred subjects 100 women | One hundred subjects | The women were

comprise 50 subjects | were enrolled in the comprised study | are enrolled in the | randomly allocated

who received | study. In 50 subjects group — subject who | study. In fifty subjects | into two groups:

tranexamic acid and
50 subjects who did
not receive
tranexamic acid
formed the control

group.

tranexamic acid was
given immediately
before LSCS and the
blood loss was
compared with that in
50 others to whom
tranexamic acid was
not given

received tranexamic
acid, & 100 women
comprised control
group — subject who
did not received
tranexamic acid.

tranexamic acid is
given immediately
before Lower
Segment Cesarean
Section (LSCS) and the
blood loss is
compared with thatin
50 others to whom
tranexamic acid was
not given.

study group (n = 45)
receiving tranexamic
acid and control
group (n = 45)
receiving placebo.

Inclusion criteria

Term primipara
with a singleton
delivered by CS.
Regular  perinatal
care.

Adherence to
research
regulations.

Inclusion criteria

1. Full term
primigravida or
multigravida with
singleton pregnancy
delivered by CS.

2. Normal or
abnormal

presentation

Full term primiparas /
multiparas with
singleton pregnancy
being delivered by
LSCS were included in
the study...

Full term primiparas

with singleton
pregnancy and have
regular antenatal
check-up being
delivered by lower
segment  caesarean
section (LSCS) were
included in the
study...

Inclusion criteria :

e Term primipara with
a singleton delivered
by CS

e Regular
care

3 Adherence to
research regulations
¢ Informed consent
obtained.

perinatal

Inclusion Criteria
All singleton
pregnancies being
delivered by LSCS

We enrolled only
nuliparas because of
risk of multiparity for
uterine inertia after
delivery.

Full term primipara /
multiparas (parity not
more than two) with

the singleton
pregnancy being
delivered by LSCS

were included in the
study.

Subjects  with
full term
primipara  and
multipara  with

single pregnancy
being delivered
by cesarean
section were
included in this
study...
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Informed
obtained.

consent

Exclusion criteria
Severe medical and
surgical
complications
involving the heart,
liver or kidney,
brain disease and
blood disorders.
Allergy to
tranexamic acid.
History of thrombo-
embolic disorders.
Abnormal placenta:
such as placenta-
previa, placenta-
abruptio, placental
adhesion caused by

repeated artificial
abortions.

Severe pregnancy
complications, such
as severe
preeclampsia.
Multiple

pregnancies,
macrosomia,
polyhydramnios.
Complication with
myoma.

Exclusion criteria

1 Medical or surgical
problem involving
heart, liver and
kidney disease

2 Allergy to
tranexamic acid

3 H/O thrombo
embolic disorder

4 Abnormal placenta
such as placenta
previa, placenta
aburption, pregnancy
complication such as
pre-eclampsia

5 Multiple pregnancy,
macrosomia and
polyhydraminos

6 Complication with
myoma

7 Any
dyscrasia*

blood

..while subjects
having medical and
problems  involving
the heart, liver,
kidney and brain and
having blood
disorders were
excluded from the
study.

Subjects having
allergy to tranexamic
acid, history  of
thromboembolic
disorders, abnormal
placentation, severe
pre-eclampsia,
multiple pregnancy,
macrosomia,
polyhydromnios and
those requiring blood
transfusion due to
anemia were also
excluded from the
study.

while  mothers
having medical and
surgical problems
involving the heart,
liver, kidney and
having blood
disorders were

excluded from the
study.

Exclusion criteria :

e Severe medical and
surgical complications
including the heart,
liver and kidney, brain
disease and blood
disorders.

3 Allergy to
tranexamic acid.

. History of
thromboembolic
disorders.

e Abnormal placenta :

such as placenta
previa, placenta
abruption, placental
adhesions caused by
repeated artificial
abortions.

e Severe pregnancy
complications such as
severe pre-eclampsia.
3 Multiple
pregnancies,
macrosomia,
hydromnios
e Complication with
myoma.

poly

Exclusion Criteria:
Blood disorders, renal

insufficiency, liver
disorders,
polyhydramnios,
multiple  gestation,
imminent ecclampsia,
ecclampsia,  severe
anemia, known

hypersensitivity  to
drugs.

Women with severe
medical and surgical

disorders, having
blood disorders and
anemia, allergy to
tranexamic acid,
history of thrombo-
embolic disorders,
abnormal  placenta
such as placenta-
previa, placenta-
abruptia and
pregnancy

complications such as
severe preeclampsia,
multiple pregnancies,
macrosomia,
polyhydramnios and
those requiring blood
transfusion were
excluded.

Subjects having
medical problems
involving the heart,
liver, kidney, brain
and having blood
disorders were
excluded from the
study. Subjects having
allergy to TXA, history
of thromboembolic
disorders, abnormal
placentation, severe
pre-eclampsia,
multiple  pregnancy,
macrosomia,
polyhydromnios and
those requiring blood
transfusion due to
anaemia were also
excluded from the
study.

..and  subjects
with medical
disorders  and
having blood
disorders were
excluded from
this study.
Subjects with a
history of
thromboembolic
disorders,
hypersensitivity
to tranexamic
acid, multiple
pregnancy,
polyhydromnios
and those with
anemia
requiring blood
transfusion were
also  excluded
from this study.

Vital signs: heart
rate (HR),
respiratory rate
(RR), blood

pressure (BP) were
checked

immediately after
placental delivery,

1. Vital sign — BP, RR
and heart rate were
measured
immediately
placental
delivery and land 2
hours after  birth
respectively*

after

Heart rate,
respiratory rate and
blood pressure were
checked and noted
before the surgery,
immediately after
placental delivery and

Heart rate,
respiratory rate and
blood pressure were
checked and noted
before the surgery,
immediately after the
operationand 1 and 2
hours after birth.

1. Vital signs : Heart
rate (HR) : Respiratory
rate  (RR), Blood
pressure

(BP), were checked
immediately after
placental delivery and

Vital signs (PR, RR, BP)
are checked and
noted before surgery,
immediately after
delivery of  the
placenta 1 hour, 2
hour  after  birth
respectively.

Vital signs (heart rate,
blood pressure and
respiratory rate) were
checked and noted
before operation,
immediately after
placental delivery and

The

parameters
(blood pressure,
heart rate and
respiratory rate)

vital

were  checked
and noted
before the
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and 1 and 2 h after
birth, respectively.

1 and 2 hours after
birth, respectively.

1 and 2 hour after
birth respectively.

1 and 2 h after birth,
respectively.

surgery,
immediately
after placental
delivery and 1
and 2 hrs after
birth of the
neonate.

Tranexamic acid
exerts its
antifibrinolytic
effect by blocking
the lysine-binding
locus of the
plasminogen and
plasmin molecules,
thereby preventing
the binding of
plasminogen and
plasmin to the
fibrin substrate.
Tranexamic acid
also inhibits the
conversion of
plasminogen to
plasmin by the
plasminogen
activators [2]. It has
been used in the
treatment of
bleeding for many
years.

Tranexamic acid
exerts its
antifibrinolytic effect
by blocking the lysine
binding locus of the
plasminogen and
plasmin  molecules,
thereby  preventing
the binding of the
plasminogen and
plasmin to the fibrin
substrate.

Tranexamic acid also
inhibits conversion of

plasminogen to
plasmin by
plasminogen

activators.3,4

Tranexamic acid
exerts its
antifibrinolytic effect
by blocking the lysine
binding locus of the
plasminogen &
plasmin  molecules,
thereby  preventing
the binding of
plasminogen &
plasmin to the fibrin
substrate.

Tranexamic acid also
inhibits conversion of

plasminogen to
plasmin by
plasminogen

activators. It has been
used in the treatment
of bleeding for many
years. (3,4)*

Tranexamic acid
exerts its
antifibrinolytic effect
by blocking the lysine
binding locus of the
plasminogen and
plasmin molecules. It
also inhibits  the

conversion of
plasminogen to
plasmin by the
plasminogen
activators.

Tranexamic acid
exerts its
antifibrinolytic effect
by blocking the lysine
binding locus of the
plasminogen &
plasmin  molecules,
thereby  preventing
the binding of
plasminogen &
plasmin to the fibrin
substrate.

Tranexamic acid also
inhibits conversion of

plasminogen to
plasmin by
plasminogen

activators. It has
been used in the
treatment of bleeding
for many years.3,4

Tranexamic acid
exerts its
antifibrinolytic effect
by blocking the lysine-
binding locus of the
plasminogen and
plasmin  molecules,
thereby  preventing
the binding of
plasminogen and
plasmin to the fibrin
substrate.

Tranexamic acid also

inhibits the
conversion of
plasminogen to
plasmin by the
plasminogen

activators [10]. It has
been used in the
treatment of bleeding
for many years.

Tranexamic acid
exerts its
antifibrinolytic effect
by blocking the lysine-
binding locus of the
plasminogen and

plasmin  molecules,
thereby  preventing
the binding of
plasminogen and
plasmin to the fibrin
substrate. TXA also

inhibits the
conversion of
plasminogen to
plasmin by the
plasminogen
activators.
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During placental | During placental | During placental | During placental | During placental | During placental | During placental | During placental | At the time of
delivery, fibrinogen | delivery  fibrinogen | delivery, fibrinogen | delivery there is | delivery, fibrinogen & | delivery, fibrinogen | delivery, fibrinogen | delivery, fibrinogen | placental
and fibrin are | and fibrin are rapidly | and fibrin are rapidly | activation of the | fibrin are rapidly | and fibrin are rapidly | and fibrin are rapidly | and fibrin are rapidly | delivery there is
rapidly degraded, | degraded whereas | degraded, whereas | fibrinolytic system | degraded, whereas | degraded, whereas | degraded, whereas | degraded, whereas | activation of the
whereas plasminogen plasminogen resulting in  rapid | plasminogen plasminogen plasminogen plasminogen fibrinolytic
plasminogen activators and fibrin | activators and fibrin | degradation of | activators & fibrin | activators and FDP | activators and fibrin | activators and fibrin | system  which
activatorsand fibrin | degradation products | degradation products | fibrinogen and fibrin. | degradation products | increase  due to | degradation products | degradation products | leads to rapid
degradation (FDP) increase due to | (FDP) increase due to | Also there is increase | (FDP) increase due to | activation of | increase due to | (FDP) increase due to | degradation of
products (FDP) | activation of the | activation of the | in plasminogen | activation of | fibrinolytic systeml. | activation of the | activation of the | fibrinogen and
increase due to | fibrinolytic system. | fibrinolytic  system. | activators and fibrin | fibrinolytic  system. | This activation can | fibrinolytic  system. | fibrinolytic  system. | fibrin. There is
activation of the | This activation can | This activation can | degradation products | This activation can | last up to 6-10 hours | This activation can | This activation can | also an increase
fibrinolytic system. | last upto 6-10 hours | last up to 6-10 hours | (FDP). This activation | last up to 6-10 hrs postpartum causing | last up to 6-10 h | lastupto6—10hours | in plasminogen
This activation can | post-partum causing | postpartum, causing | canlast up to 6 to 10 | postpartum, causing | more bleeding 1. It | postpartum; causing | postpartum, causing | activators and
last up to 6-10 h | more bleeding. It was | more bleeding 5. It | hours  postpartum. | more bleeding. It was | was because of this | more bleeding. | more bleeding, which | fibrin
postpartum, because  of  this | was because of this | This is one of the | because of  this | activation of the | According to this | can be taken care of | degradation
causing more | activation of the | activation of the | cause of bleeding in | activation of fibrinolytic system | activation of the | by  anti-fibrinolytic | products (FDP).
bleeding. It was | fibrinolytic system | fibrinolytic system | the postpartum | fibrinolytic system | that we decided to | fibrinolytic system, | agents. This  activation
because of this | that we decided to | that we decided to | period. that we decided to | usetranexamicacid.l | we decided to use can last up to 6-
activation of the | use tranexamic acid | usetranexamicacidin use tranexamic acid in tranexamic acid in 10 hours
fibrinolytic system | the trial. this trial. this trial. this trial. postpartum,
that we decided to causing  more
use tranexamic acid bleeding. As we
in this trial. known that
tranexamic acid
acts as  an
Antifibrinolytic
agent, so in this
study we used
tranexamic acid
to reduce post
LSCS bleeding.
Our study showed | Our study showed | This study showed Our study showed | The study shows that | Our study showed | This study was a | During thisstudy
that tranexamic | that tranexamic acid | that tranexamic acid that tranexamic acid | tranexamic acid | that tranexamic acid | double blind placebo | we found that
acid  significantly | significantly reduces | significantly redues significantly reduces | significantly reduced | significantly reduces | controlled trial which | the amount of
reduces bleeding | bleeding from the | bleeding from time of bleeding from time of | the bleeding from | bleeding after | showed that TXA | bloodlossisvery
from placental | time of placental | placental deliveryto 2 placental deliveryto2 | placental delivery to | cesarean section. The | significantly reduced | much reduced
delivery to 2 h | delivery to 2 hours | hours postpartum in hrs postpartum in | 2hr postpartum in | study group's total | bleeding from the | from the time of
postpartum. postpartum in LSCS. LSCS (P=0.001). This LSCS. LSCS (p < 0.001). blood loss was | time of placental | placental

Results show that
study group patients
had mean blood loss
of 360.9ml + 110.3 as

study shows
significant decrease in
the incidene of > 500
mL blood loss in the

Results show that
study group patients
had mean blood loss

significantly less than
control group.

delivery to two hours
postpartum in LSCS.
This study shows
significant decrease in

delivery to 2
hours

postpartum in
lower segment
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standard deviation,
while control group
patients had mean
blood loss of 443ml +
88.552 as standard
deviation. Thus, there
is reduction in blood
loss by about 20% &
was found to be
statistically highly
significant (p value=
0.000).*

study group as
compare to control
group (P-0.049).

of 362.70ml + 110.3
as standard deviation,
while control group
patients had mean
blood loss of
476.70ml +88.552 as
standard  deviation.
Thus, there is
reduction in blood
loss by about 30% &
was found to be
statistically highly
significant (p value=
0.001).

the bleeding volume
in TXA group as
compared with the
placebo group.

caesarean
section
3).

(Table

Similar study carried
out by Ming-Ying Gai,
Lian-Fang Wu and co-
workers5 in  China
showed blood loss
reduction by 30% as
compared to control
group and also

reduced the
incidence of
postpartum

hemorrhage by

25.7%. These results
co related well with
our study.

Zheng SR, Yang HX et
al.6 showed similar
results.

Similar study carried
out by Ming-ying Gai
et al 5 in China
showed that
tranexamic acid
significantly reduces
bleeding from the
time of placental
delivery to 2 hours
post partum. The
study showed
significant decrease in
the incidence of > 500
ml blood loss in the
study group as
compared to control
group (P-0.029).
Zheng et al 6, showed
similar results after
vaginal delivery.

Similar study carried
out by Ming-ying Gai,
Lian-fang Wu &
coworkers  (28) in
China showed that
tranexamic acid
significantly reduces
bleeding from the
time of placental
delivery to 2 hrs
postpartum. The
study group showed
total blood loss
reduction by 30% as
compared to control
group. Tranexamic

acid also reduced the

incidence of
postpartum
hemmorhage by

25.7% in the study
group (22 cases Vs 35
cases in the study &
controlled group
respectively)

(P value was 0.029).
These results

Similar study carried
on by Gohel Mayur et
al.1 and Ming Ying Gai
et al. showed similar
results.

In the study by Ming
Ying et al.3, Gohel
Mayur et al. the drug
was administered
between 10 - 20
minutes  here in
present study it was
administered 30
minutes before and
hence the amount of
bleeding from
placental delivery to
end of LSCS is
significantly reduced.
It also reduced the
amount of  PPH
between the two
groups but not
statistically
significant.

Similar study carried
out in India by Mayur
et al.8 showed
comparable  results
reducing the blood
loss in the study
group. Another study
carried out by Ming-
Ying et al., in China
showed

that TXA significantly
reduces bleeding
from the time of
placental delivery to
the end of caesarean
section, which was
351 mL in the study
group while 440 mLin
the control group.15
Zheng et al. showed
similar results after
vaginal delivery; there
was significantly less
blood loss in the TXA
group (243 mL) when
compared to those
who  receive no
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correlated well with treatment (309
our study. mL).16
Zheng SR, Yang HX, et
al81 showed similar
results.
The incidence of | The incidence of | The incidence of The incidence of | The incidence of | The incidence of
thrombosis during | thrombosis during | thrombosis during thrombosis during | thrombosis during | thrombosis during
pregnancy and | pregnancy pregnancy and pregnancy & | pregnancy and | pregnancy and
peuperium is 5-6 | &puerperium is 5-6 | puerperium is 5-6 puerperium is 5-6 puerperium is 5-6 | peuperium is 5-6
times higher than | timeshigherthanthat | times higherthen that times higher than that | times higher thanthat | times higher thanthat
that in the general | ingeneral population. | in the general in the general | in the general | in the general
population [4]. When the | population 7. When population. When the | population. When the | population [11]; when
When the anti- | antifibrinolytic drug | the  antifibrinolytic anti fibrinolytic drug antifibrinolytic drug | the antifibrinolytic
fibrinolytic drug | tranexamic acid is | drug tranexamic acid tranexamic acid is | tranexamic acid is | drug tranexamic acid
tranexamic acid is | administered, is administered, the administered, the | administered the | is administered, the
administered, the | increased risk of | increased risk of post increased  risk  of | increased risk of | increased risk of
increased risk of | thrombosis should be | partum thrombosis thrombosis should be | postpartum thrombosis should be
thrombosis should | considered, especially | after LSCS should be considered, especially | thrombosis after LSCS | considered, especially
be considered, | in the LSCS | considered. In the in the LSCS | should be considered. | in the CS postpartum
especially in the CS | postpartum present study, not a postpartum In the present study | population....
postpartum population. In our | single patient population. In our | not a single patient
population. study, not a single | developed study, not a single | developed
patient developed | thrombosis... patient developed | thrombosis...
signs of thrombosis. signs of thrombosis.
All data | Tranexamic acid | Tranexamic acid 1) Tranexamic acid | Tranexamic acid | All data | Tranexamic acid | Tranexamic acid

demonstrated that
tranexamic acid can
be used safely
without increasing
the occurrence of
thrombosis, but we
stil need more

cases to be
observed for the
occurrence of
thrombosis.

significantly reduces
the amount of blood
loss during & after the
LSCS. Its use is not
associated with
increased  risk  of
adverse drug reaction
like nausea, vomiting,
diarrhoea or
thrombosis.

Tranexamic acid can
be used safely during
LSCS to reduce the
blood loss.

significantly reduced
the amount of blood
loss during and after
the lower segment
cesarean section and
its use was not
associated with any
side effects and.or
complication like
thrombosis. Thus,
tranexamic acid can
be used safely and
effectively in subjects
undergoing LSCS.

significantly reduced
the amount of blood
loss during & after the
lower segment
cesarean section.

2) Its use was not
associated with any
adverse drug reaction
like nausea, vomiting,
diarrhea or
thrombosis. Fetal
outcome as evaluated
by apgar score was
not adversely
affected by use of
tranexamic acid.

significantly reduced
the amount of blood
loss during and after
LSCS with no

significant side
effects. Thus
tranexamic acid can
be safely and

effectively used in
subjects undergoing
LSCS.

demonstrated  that
tranexamic acid can
be used safely to
reduce bleeding after
CS and its use was not
associated with any
side effects or
complications. Thus,
tranexamic acid can
be used safely and
effectively to reduce
bleeding resulting
from CS, but we still
need more cases to
be observed for the

significantly reduced
the amount of blood
loss during the lower
segment  caesarean
section, but it did not
significantly reduced
the blood loss after
the

caesarean section. Its
use was not
associated with any
side effects and or
complication like
thrombosis. Thus,
TXA can be used
safely and effectively

significantly
reduces the
amount of blood
loss during and
after the lower
segment
caesarean
section. The use
of  tranexamic
acid was not
associated with
any side effects
or complication
like thrombosis,
nausea,
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3) Tranexamic acid
can be used safely in
subjects with lower
caesarean section.

occurrence
thrombosis.

of

in subjects
undergoing LSCS.

vomiting
diarrhea.

and
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Appendix JJ. Research Paper 6: Summary of response to review authors’ requests for additional trial information.

Trial

Date 1st
randomised

Date last
randomised

Copy of ethics
approval received?

Trial data sent?

Notes

Abdel-Aleem 2013

03/08/2011

01/12/2011

Y

Y

Gai 2004

No response

Gobbur 2014

Response from ethics committee (no response from
authors)

Gohel 2007

03/08/2004

25/07/2005

N*

*Author response: "This study was carried out as a thesis
of the first author Dr Mayur Gohel who was a post-
graduate student in the department at that time. At the
point in time when this study was carried out, according
to the local guidelines, conducting a study for thesis
purpose required just an information to the ethics
committee and not a formal approval. Hence we are
unable to provide you with an approval letter from the
ethics committee." (This was confirmed in response from
the ethics committee)

Goswami 2013

*Author response: "we did not keep any record of the
exact dates of the cases done, i can only say that the study
was conducted between November, 2009 to 2011 "[sic]

Gungorduk 2010

01/06/2009

30/09/2009

N*

*Author response: "Dear Sir; Thank you for your email. |
sent the all information within 5 day. | am on holiday now.
Unfortunately, last year ( 22-june-2013) my computers
and hard disk was stolen therefore, | can not sent the
patients data. A police burgary report was attached. | am
very sorry about this topic." [sic]
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Gungorduk 2012 01/03/2011 31/08/2011 Y see above see above

Halder 2013 No response

Mirghafourvand 2015 12/08/2012 13/11/2012 Y N

Movafegh 2011 No response

Poonia 2012 No response

Ramani 2014 07/03/2013 29/05/2013 Y N

Ramesh 2015 No response

Rashmi 2012 Author response: "Sir, The work has been actually
undertaken after proper clearance. And details of the
same are available with the competent authority. We
don't want to be get disturbed as | discussed with our
main author. Excuse us..Bye." [sic]

Safdarian 2015 No response

Samimi 2013 21/11/2012 16/03/2013 Y Y No response

Sekhavat 2009 No response

Senturk 2012 Y Y

Shahid 2013 20/03/2009 28/04/2011 N* Y *Response from ethics committee: "After detailed
scrutiny of our records | regret to inform you that no such
approval was given by the Institutional Review Board of
Dow University of Health Sciences.”

Sharma 2011 No response

Taj 2014 No response

Tarabrin 2012 No response

Xu 2012 No response

Yang 2011 No response

Yehia 2014 Y* Y *Approval dated approximately 3 months after start of
recruitment.

Zizi 2013 No response
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Appendix KK. Research Paper 6: Forest plots showing the difference in age between women

allocated to the TXA group and those allocated to the control group.

TXA Control Mean Difference (95% Cl)
Study Mean SD Total Mean SD Total IV, Fixed
Abdel-Aleem 2013 266 51 373 263 52 367 T 0.28 (-0.46, 1.02)
Gai 2004 29.7 42 91 298 4.0 89 . E— -0.04 (-1.24, 1.16)
Gobbur 2011 236 34 50 245 40 50 — 1 -0.88 (-2.34, 0.58)
Gohel 2007 243 3.7 50 249 4.0 50 e E— -0.59 (-2.09, 0.91)
Goswami 2013 232 24 60 243 26 30 . — -1.10(-2.21, 0.01)
Gungorduk 2010 263 35 330 266 3.6 330 — -0.30 (-0.84, 0.24)
Gungorduk 2012 279 49 220 276 4.8 219 T 0.30(-0.61, 1.21)
Halder 2013 261 25 50 260 25 50 . 0.02 (-0.96, 1.00)
Mirghafourvand 2013 26.2 4.8 60 26.1 49 60 L 0.10 (-1.64, 1.84)
Movafegh 2011 270 34 50 276 41 50 I — -0.60 (-2.08, 0.88)
Ramesh 2015 236 34 100 245 4.0 100 — T -0.88 (-1.91, 0.15)
Rashmi 2012 25.7 3.7 50 251 47 50 L 0.60 (-1.06, 2.26)
Safdarian 2015 263 6.0 100 26.8 6.3 100 e E— -0.53(-2.23,1.17)
Samimi 2013 240 43 100 243 48 100 . -0.35(-1.61, 0.91)
Sekhavat 2009 26.2 47 45 271 4.1 45 — 1 -0.90 (-2.72,0.92)
Senturk 2012 30.2 6.8 101 29.2 6.9 122 — T 0.98(-0.83, 2.79)
Shahid 2013 242 39 38 249 42 36 A -0.71 (-2.56, 1.14)
Sharma 2011 256 3.7 50 259 39 50 L — -0.25(-1.74, 1.24)
Taj 2014 236 38 60 242 35 60 — 1 -0.62 (-1.93, 0.69)
Xu 2012 26.7 3.7 88 271 4.1 86 — 1 -0.40 (-1.56, 0.76)
Yang 2001 27.3 2.8 186 28 26 87 — -0.70 (-1.38, -0.02)
Yehia 2014 284 49 106 286 4.7 106 S E— -0.20(-1.49, 1.09)
Total (95% Cl) 2358 2237 ‘ -0.30 (-0.54, -0.07)
Heterogeneity: 1>=0% l l l l

-4 2 0 2 4

Test for overall effect: Z=2.55 (P=0.01) Younger in TXA Younger in control
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Appendix LL. Research Paper 6: Forest plots showing the difference in haemoglobin between

women allocated to the TXA group and those allocated to the control group.

TXA Control Mean Difference (95% Cl)
Study Mean SD Total Mean SD Total IV, Fixed
Abdel-Aleem 2013 11.0 1.2 373 113 1.2 367 — -0.26 (-0.44, -0.08)
Gohel 2007 94 14 50 92 11 50 - 0.15 (-0.35, 0.65)
Gungorduk 2010 114 0.8 330 11.3 0.6 330 i 0.10(-0.01, 0.21)
Gungorduk 2012 113 1.1 220 11.2 1.0 219 —T 0.10(-0.10, 0.30)
Mirghafourvand 2013 12.9 0.9 60 13.0 09 60 e B -0.10(-0.42, 0.22)
Movafegh 2011 125 14 50 128 1.0 50 - -0.30(-0.78, 0.18)
Poonia 2012 10.2 0.7 50 10.1 0.9 50 B — 0.10(-0.22,0.42)
Ramesh 2015 10.8 0.8 100 114 0.9 100 . B -0.56 (-0.79, -0.33)
Safdarian 2015 120 1.0 100 123 1.3 100 . E— -0.32 (-0.64, -0.00)
Samimi 2013 12.7 0.9 100 129 15 100 — 1 -0.19 (-0.53, 0.15)
Sekhavat 2009 13.6 14 45 140 19 45 ¢ -0.40 (-1.09, 0.29)
Senturk 2012 11.7 1.0 101 119 13 122 S A— -0.20(-0.51, 0.11)
Shahid 2013 98 09 38 99 13 36 - -0.12 (-0.61, 0.37)
Xu 2012 124 13 88 126 1.2 86 — -0.20(-0.57,0.17)
Yehia 2014 11.8 1.5 106 119 1.2 106 —_—T -0.10(-0.47,0.27)
Total (95% Cl) 1811 1821 < -0.08 (-0.14, -0.02)
Heterogeneity: 1>=67% t t t

1
T T
-05 -025 0 025 0.5

Test fi 1 Z=2. =0. . .
est for overall effect: 7=2.43 (P=0.02) Lower in TXA group Lower in control group
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