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ABSTRACT

Background

In people with haemophilia or other congenital bleeding disorders undergoing surgical interventions, haemostatic treatment is needed in
order to correct the underlying coagulation abnormalities and minimise the bleeding risk. This treatment varies according to the specific
haemostatic defect, its severity and the type of surgical procedure. The aim of treatment is to ensure adequate haemostatic coverage for
as long as the bleeding risk persists and until wound healing is complete.

Objectives

To assess the effectiveness and safety of different haemostatic regimens (type, dose and duration, modality of administration and target
haemostatic levels) administered in people with haemophilia or other congenital bleeding disorders for preventing bleeding complications
during and after surgical procedures.

Search methods

We searched the Cochrane Cystic Fibrosis and Genetic Disorders Group's Coagulopathies Trials Register, compiled from electronic database
searches and handsearching of journals and conference abstract books. We also searched the reference lists of relevant articles and
reviews.

Date of the last search: 20 November 2014.

Selection criteria

Randomised and quasi-randomised controlled trials comparing any hemostatic treatment regimen to no treatment or to another active
regimen in children and adults with haemophilia or other congenital bleeding disorders undergoing any surgical intervention.

Data collection and analysis

Two authors independently assessed trials (eligibility and risks of bias) and extracted data. Meta-analyses were performed on available
and relevant data.
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Main results

Of the 16 identified trials, four (112 participants) were eligible for inclusion.

Two trials evaluated 59 people with haemophilia A and B undergoing 63 dental extractions. Trials compared the use of a different type
(tranexamic acid or epsilon-aminocaproic acid) and regimen of antifibrinolytic agents as haemostatic support to the initial replacement
treatment. Neither trial specifically addressed mortality (one of this review's primary outcomes); however, in the frame of safety
assessments, no fatal adverse events were reported. The second primary outcome of blood loss was assessed after surgery and these trials
showed the reduction of blood loss and requirement of post-operative replacement treatment in people receiving antifibrinolytic agents
compared with placebo. The remaining primary outcome of need for re-intervention was not reported by either trial.

Two trials reported on 53 people with haemophilia A and B with inhibitors treated with different regimens of recombinant activated factor
VII (rFVIla) for haemostatic coverage of 33 major and 20 minor surgical interventions. Neither of the included trials specifically addressed
any of the review's primary outcomes (mortality, blood loss and need for re-intervention). In one trial a high-dose rFVlla regimen (90 pg/kg)
was compared with a low-dose regimen (35 ug/kg); the higher dose showed increased haemostatic efficacy, in particular in major surgery,
with shorter duration of treatment, similar total dose of rFVIla administered and similar safety levels. In the second trial, bolus infusion
and continuous infusion of rFVIla were compared, showing similar haemostatic efficacy, duration of treatment and safety.

Authors' conclusions

There is insufficient evidence from randomised controlled trials to assess the most effective and safe haemostatic treatment to prevent
bleeding in people with haemophilia or other congenital bleeding disorders undergoing surgical procedures. Ideally large, adequately
powered, and well-designed randomised controlled trials would be needed, in particular to address the cost-effectiveness of such
demanding treatments in the light of the increasing present economic constraints, and to explore the new challenge of ageing patients
with haemophilia or other congenital bleeding disorders. However, performing such trials is always a complex task in this setting and
presently does not appear to be a clinical and research priority. Indeed, major and minor surgeries are effectively and safely performed in
these individuals in clinical practice, with the numerous national and international recommendations and guidelines providing regimens
for treatment in this setting mainly based on data from observational, uncontrolled studies.

PLAIN LANGUAGE SUMMARY

Preventing bleeding in people with congenital bleeding disorders during and after surgery

In haemophilia and other congenital bleeding disorders blood does not clot properly, which can cause excessive bleeding. This is
particularly relevant during surgery, when the risk of bleeding depends on the type and severity of the clotting disorder and on the type
of surgery. Therefore, during and after surgery, these individuals should receive treatment to improve the ability of their blood to clot and
so prevent bleeding. Clotting factor concentrates (when available and appropriate in those individuals missing specific clotting proteins)
or other non-specific drugs for clotting, or a combination of both, are administered. It is not known what is the optimal dose or duration
or method of administration of these treatments in these circumstances.

We searched for randomised controlled trials comparing the efficacy (mortality, blood loss, need for re-intervention, subjective assessment
of efficacy, duration and dose of therapy) and the safety of any type of treatment given to people with congenital bleeding disorders during
any type of surgery. We found four trials to be included in this review. Two trials evaluated 59 people with haemophilia A or B receiving
antifibrinolytic drugs (agents that reduce the breakdown of clots) or placebo in addition to the initial standard treatment before dental
extractions. The remaining two trials evaluated 53 people with haemophilia A or B and inhibitors (antibodies that act against the factor
concentrate therapy) receiving an different clotting concentrate, recombinant activated factor VII, both during and after surgery. These
two trials evaluated different treatment options: high-dose compared with low-dose and a single large (bolus) infusion compared with
continuous infusion.

The trials included in this review provide some information in two specific situations in people with congenital bleeding disorders
undergoing surgery. However, on the whole, there is not enough evidence from trials to define the best treatments for the various types
of disease and types of surgery. Further trials would be useful to improve our knowledge but are difficult to carry out and currently do not
appear to be a clinical priority. Indeed, both major and minor surgery are safely performed in clinical practice in these individuals based
on local experience and data from uncontrolled studies.
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BACKGROUND

Description of the condition

Congenital bleeding disorders (CBDs) are inherited conditions
characterized by the clinical tendency to bleed spontaneously or
after haemostatic challenges (trauma, invasive procedures), due
to genetically determined quantitative or qualitative (or both)
abnormalities of components of the coagulation system. The X-
linked deficiencies of coagulation factor VIII (FVIIl) and IX (FIX),
haemophilia A and B, are the most represented CBDs, with a
similar worldwide prevalence of 1 in 10,000 and 1 in 60,000
male births, respectively (Mannucci 2001). However, the most
common CBD is von Willebrand disease (VWD), the prevalence
of which is under-reported because of frequent undiagnosed
cases with mild bleeding symptoms. Approximately 1% of the
general population show a quantitative or functional deficiency
of von Willebrand factor (VWF) (Rodeghiero 1987), whereas the
prevalence of clinically significant VWD is much lower, and affects
both men and women carrying homozygous or single or double
heterozygous abnormalities of VWF gene on chromosome 12
(Federici 2006). Less common CBDs include autosomal recessively
inherited deficiencies of:

« other coagulation factors (fibrinogen, factor Il (Fll), factor V (FV),
factor VII (FVII), factor X (FX), factor XI (FXI), factor XIII (FXIII);

« proteins regulating their biosynthesis or expression (combined
FV and FVIIl or vitamin K-dependent factor deficiencies)
(Mannucci 2004);

« platelet function (defective platelet receptors, enzymes or other
components) (Nurden 2005); and

« fibrinolysis proteins (a2-antiplasmin, type 1 plasminogen
activator inhibitor- PAI-1) (Aoki 1989).

The prevalence of these rare CBDs vary from 1 in 500,000 to 1
in 2,000,000 births, with higher figures in populations in which
consanguineous marriages are common (Mannucci 2004).

In haemophilia A and B, an inverse relationship between the
severity of bleeding symptoms and the plasma level of the deficient
clotting factor is generally recognized. Accordingly, the definitions
given by the International Society for Thrombosis and Haemostasis
are based on the residual plasmatic concentration of the missing
protein:

« severe: FVIIl or FIX less than 0.01 units per millilitre (u/ml);

« moderate: FVIll or FIX ranging from 0.01 u/ml to less than 0.05 u/
ml;

« mild: FVIIl or FIX greater than 0.05 u/ml up to 0.4 u/ml) (White
2001).

Spontaneous bleeding, typically involving joints with consequent
progressive deterioration, is largely confined to people with severe
haemophilia (Aledort 1994). The bleeding phenotype is more
heterogeneous and not easily predictable by laboratory data in
VWD and, particularly, in recessively inherited CBDs (Mannucci
2004). As a consequence of the rarity of these deficiencies, the type
and severity of bleeding symptoms are not as well established as
for haemophilia and a severity classification has only recently been
proposed (Peyvandi 2012).

Bleeding severity and treatment are influenced by the
development of neutralising antibodies (inhibitors) which are

directed against the therapeutically administered coagulation
factors in some people with a CBD. This complication occurs
usually within the first 20 exposure days in up to 30% of people
with haemophilia A (Wight 2003), particularly in those with
severe factor deficiency and genetic abnormalities (null mutations)
(Gouw 2007; Gouw 2013). Other factors, both genetic (family
history, ethnicity, polymorphisms in genes of FVIIl and of immune-
regulatory cytokines) (Astermark 2010) and non-genetic (initial
intensive treatment) (Gouw 2007; Gouw 2013), have been identified
as contributing to this abnormal immune response. A much lower
inhibitor rate (approximately 1%) is reported in previously treated
individuals with severe haemophilia A (Xi 2013). The inhibitor risk
has been shown to be associated with exposure days and some
missense mutations in people with non-severe haemophilia A
(Eckhardt 2013). Inhibitors are found more rarely (1.5% to 5%) in
people with severe haemophilia B (DiMichele 2007) and type 3 VWD
(James 2013), and usually in people carrying large gene deletions.
Moreover, the additional morbidity risk of severe anaphylactic
reactions has been reported in these cases (DiMichele 2007; James
2013). Inhibitors are only occasionally reported in rare CBDs.

Description of the intervention

Haemostatic treatment in people with a CBD is administered
for bleeding episodes or for preventing bleeding and related
complications (prophylaxis), including when invasive procedures
and surgery are needed (Srivastava 2013).

Treatment options vary according to the possibility of specifically
correcting the underlying hemostatic deficiency (Table 1). Indeed,
the mainstay of treatment of coagulation factor deficiencies is the
replacement of the missing protein by intravenous administration
of the appropriate factor concentrate (when available) or of
factor-containing products (cryoprecipitate, prothrombin complex
concentrate, fresh-frozen plasma). For example, a variety of FVIII
plasma-derived and recombinant concentrates are available, but
no specific FV concentrate has yet been developed (Brooker 2012).
Replacement product availability also depends on the regulations
in individual countries (fibrinogen, FX, FXI and FXIII concentrates
are licensed only in some countries) and, particularly, on economic
resources (Stonebraker 2010). When needed, or if no specific
replacement is available, blood products (red blood cell, platelet
concentrates, fresh frozen plasma) and non-specific haemostatic
drugs are therapeutic options (Mannucci 1998). The latter include
the antifibrinolytic lysine analogues, epsilon-aminocaproic acid
and tranexamic acid, and desmopressin. Desmopressin is a
synthetic analogue of the antidiuretic hormone that raises the
plasma levels of FVIIl and VWF, and is administered when treating
mild haemophilia A and responsive VWD. It is also successfully used
in FXI deficiency (Franchini 2009) and platelet function disorders
(Coppola2008) and its use in pregnancy in women with a CBD is the
subject of another Cochrane Review (Karanth 2012).

Given that standard replacement is partially or completely
ineffective in people with haemophilia with inhibitors, the use of
the so-called bypassing agents (activated prothrombin complex
concentrates, aPCC and activated recombinant FVII, rFVila) is
required (Collins 2013). This is particularly true in those with high-
responding inhibitors (anamnestic levels above 5 BU/ml). People
with inhibitors experience higher morbidity and a poorer quality
of life than those without inhibitors, mainly due to their poor
orthopaedic status, because of the non-optimal management of
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bleeds and non-standardised prophylaxis regimens (Gringeri 2003;
Scalone 2006).

How the intervention might work

Surgical procedures may be safely performed in people with a
CBD, preferably by an experienced team in the management of
haemophilia, providing there is adequate haemostatic coverage
for as long as the bleeding risk persists and until wound
healing is complete (Srivastava 2013). Although the classification
is not clearly established, major and minor surgery are usually
distinguished according to the type of procedure and surgery-
related risk. Among major procedures, orthopaedic surgery is
commonly needed in people with haemophilia due to their joint
disease. Tonsillectomy, dental surgery, central venous access
implantation and liver biopsy are minor surgical procedures
frequently required in the management of people with a CBD
(Hermans 2009).

Guidelines for the management of CBDs by national scientific
organizations or expert panels include recommendations for
haemostatic coverage of surgery and invasive procedures
(Berntorp 1998; Bolton-Maggs 2006; Collins 2013; Mannucci 2004;
Mannucci 2009a; Mauser-Bunschoten 2001; Santagostino 2000;
Srivastava 2013; Teitel 1998; UKHCDO 2003). Treatment should be
administered according to the type and severity of the CBD, the
presence of inhibitors, and to the target haemostatic level (when
appropriate). Treatment choices should reflect the bleeding risk
related to the type of procedure and also the possible specific
modifiers of the risk or severity, or both, of bleeding complications.
For example, adeno-tonsillectomy, considered minor surgery, is
associated with a high rate of bleeding complications; on the
other hand, bleeding may be highly dangerous when occurring in
confined spaces, as in neurosurgery, spinal surgery and surgery
of the posterior chamber of the eye (Cosmi 2009). However,
the optimal duration and target levels of haemostatic treatment
(pre-operative and during the post-operative course) required to
safely prevent bleeding complications have not been definitively
established, even in people with haemophilia and VWD, for
which more clinical experience and published data are available
(Hermans 2009). Moreover, the individual bleeding risk, the need
for, or the intensity of, haemostatic coverage (or both) are often
difficult to predict. Thisis because in most cases, with the exception
of haemophilia A and B (and in part of VWD), residual factor
levels do not completely reflect bleeding phenotype (Pavlova
2013; Peyvandi 2012). Factor concentrates may be administered
by intermittent bolus infusions according to the half-life of
the missing protein, or by continuous infusion. The stability
of plasma factor levels by continuous infusion may represent
an advantage in the surgical setting, eliminating unnecessary
factor peak levels immediately after a bolus infusion, and the
subsequent trough levels, possibly associated with inadequate
haemostatic coverage (Martinowitz 1997). Moreover, continuous
infusion may considerably reduce the overall requirement for
factor concentrates, thus being more cost-effective than bolus
administration; even more so when an 'adjusted dose' is used in
accordance with the factor daily clearance (Martinowitz 1992).

For individuals without a CBD, the stratification of the risk of
surgery-provoked venous thromboembolism and the consequent
decision to undertake thromboprophylaxis, based on to the type
of surgery and on the related degree of the individual's mobility,
is well established and evidence-based clinical practice guidelines

are available (Gould 2012). People with a CBD have long been
thought to be protected from thromboembolic disease. The
need (and modality) of thromboprophylaxis in these individuals,
particularly in high-risk orthopaedic surgery, is currently disputed.
This is mostly a consequence of the prolonged life-expectancy of
people with a CBD, due to the advances in treatment and general
care, which implies a growing need for both orthopaedic and
general surgery in an ageing population (Mannucci 2009b).

Some research evidence suggests that surgery, combined with
intensive treatment with factor concentrates, is associated with a
risk of inhibitor development in people with severe haemophilia
A. This is particularly true at first exposure and for more
than five exposure days (Eckardt 2011). This risk has been
reported even in people with non-severe haemophilia, with
conflicting data concerning a higher likelihood when factor
concentrates are administered by continuous infusion (Eckhardt
2012; Sharathkumar 2003).

Why it is important to do this review

This review aims to investigate the most effective and safe
treatment to prevent bleeding in people with a CBD undergoing
surgery.

OBJECTIVES

To assess the effectiveness and safety of different haemostatic
regimens (type, dose and duration, modality of administration
and target haemostatic levels) administered in people with a CBD
for preventing bleeding complications during and after surgical
procedures.

METHODS

Criteria for considering studies for this review
Types of studies

Randomised controlled trials (RCTs) and quasi-RCTs.

Types of participants

Children and adults with a known CBD (any severity) undergoing
any surgical intervention, with any follow up available.

Types of interventions

Any haemostatic treatment regimen compared to no treatment or
to another active regimen.

Types of outcome measures
Primary outcomes

1. Mortality

2. Blood loss assessed objectively
a. during surgery
i. by variation of haemoglobin levels

ii. by transfusion requirement (number of red blood cell
(RBC) units infused)

b. after surgery
i. by variation of haemoglobin levels

ii. by transfusion requirement (number of RBC units infused)
3. Need for re-intervention

Treatment for preventing bleeding in people with haemophilia or other congenital bleeding disorders undergoing surgery (Review) 4
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Secondary outcomes

1. Need for additional unplanned dosing of the drug under study
2. Need for alternative haemostatic treatment

3. Haemostatic effectiveness (as assessed and rated by the
surgeon or the treating physician)

4. Achievement of sustained target haemostatic levels (as
measured by lab test during or after surgery)

. Duration of replacement treatment
. Concentrate consumption

. Thromboembolic adverse events

. De novo inhibitor development

0 N o !

Search methods for identification of studies

No restrictions based on dates, language, publication type or status
were imposed.

Electronic searches

We identified relevant trials from the Cystic Fibrosis and Genetic
Disorders Group’s Coagulopathies Trials Register using the terms:
*FVII* OR Factor VII* OR Factor IX* OR Factor XIlI* OR factor
replacement OR DDAVP OR fresh frozen plasma OR antifibrinolytics
OR dental OR surgery.

The Coagulopathies Register is compiled from electronic searches
of the Cochrane Central Register of Controlled Trials (CENTRAL)
(updated each new issue of The Cochrane Library), weekly searches
of MEDLINE and prospective hand-searching of one specialized
journal, Haemophilia. Unpublished work is identified by searching
the abstract books of five major conferences: the European
Haematology Association conference; the American Society of
Hematology conference; the British Society for Haematology
Annual Scientific Meeting; the International Society of Haemostasis
and Thrombosis Congresses; and the International Congresses of
World Federation of Haemophilia. For full details of all searching
activities for the register, please see the relevant section of the
Cochrane Cystic Fibrosis and Genetic Disorders Group Module.

Date of last search: 20 November 2014.

The online registry ClinicalTrials.gov (www.ClinicalTrials.gov) was
searched for possible ongoing trials.

Searching other resources

References of the included trials were checked and experts were
contacted to retrieve any unpublished trials.

Data collection and analysis
Selection of studies

Two review authors independently read the titles and abstracts of
the citations identified by the search to select the trials that fit the
inclusion criteria. Where there was disagreement between authors,
they reached a decision by consensus or by including a third author
of the review in further discussions.

Data extraction and management

Two authorsindependently extracted characteristics and data from
each trial using a customised data extraction form. They searched

for the following characteristics and reported in the Characteristics
of included studies table, as available for each trial:

trial design;

type of CBD;

severity of CBD;

type of surgical procedure;

regimen of haemostatic treatment (type; dose; modality of
administration);

6. pre-operative and post-operative target haemostatic levels;
7. duration of treatment;

8. comparison intervention;

9. mortality;

10.bleeding (blood loss objectively assessed, variation of
hemoglobin levels, transfusion requirement and number of RBC
units infused, haemostatic effectiveness judged by the surgeon);

11.additional or alternative treatment;

o wbhE

12.need for re-intervention;
13.concentrate consumption (where appropriate);
14.thromboembolic adverse events.

As outlined in the protocol, the authors reported outcomes at
any available follow-up period and the extracted the numbers of
participants in each subgroup.

Assessment of risk of bias in included studies

Each author assessed the risk of bias of the selected trials using the
domain-based evaluation as described in the Cochrane Handbook
for Systematic Reviews of Interventions 5.1 (Higgins 2011). They
assessed the following domains as having either a: low risk of bias;
unclear risk of bias; or high risk of bias.

1. Randomisation ('low risk': randomisation list generated using a
computer, random number table, or similar methods; 'unclear
risk': described as randomised, but no details given; 'high risk':
non-random approach, e.g. alternation, use of case record
numbers, dates of birth or day of the week).

2. Concealment of allocation (‘'low risk': list from a central
independent unit, on-site locked computer, identically
appearing treatment; 'unclear risk': not described; 'high risk':
if allocation sequence was known to, or could be deciphered
by the investigators who assigned participants or if an open
allocation schedule was used).

3. Blinding (‘low risk’: if participants, investigators and outcome
assessors were blinded, or if any of these were not blinded but
outcome assessment was judged not to influence the outcome;
‘unclear risk’: if this issue was not discussed; ‘high risk’: if none
of the parties involved in the trial were blinded).

4. Incomplete outcome data (‘low risk’: if any withdrawals were
described in full and were equal across groups; ‘unclear risk’: if
insufficientinformation was given; ‘high risk’: if the missing data
were likely to be directly related to the outcome or if they were
uneven across groups).

5. Selective outcome reporting.
6. Other potential sources of bias.

Where there was disagreement between the authors on a trial's
evaluation, they reached a decision by consensus or by mediation
with the third author. The authors present the risk of bias
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assessment in the 'Risk of bias' tables (Characteristics of included
studies).

Measures of treatment effect

For binary outcome measures, the authors aimed to use data on the
number of trial participants with each outcome event, by allocated
treated group, irrespective of compliance and whether or not the
participant was later excluded from treatment or follow up. The
authors used different scales for particular outcomes when needed.
The authors aimed to calculate a pooled estimate of the treatment
effect for each outcome across trials using the odds ratio (OR)
(the odds of an outcome among treatment allocated participants
to the corresponding odds among controls) and also report the
corresponding Cls.

For continuous outcomes, the authors recorded the mean values
for each group or mean post-treatment or intervention values and
standard deviation (SD). The authors, where appropriate, aimed to
generate a pooled estimate of treatment effects by calculating the
mean difference (MD) and the corresponding Cls. If different trials
used different scales for the same outcome, the authors would have
considered using the standardised mean difference (SMD) and the
corresponding Cls.

Unit of analysis issues

The unit of analysis was the treated individual. In the case of data
from cluster-randomised trials, if the information was available, the
authors planned to calculate the intracluster correlation coefficient
(ICC) according to Donner (Donner 2011). In the case of identifying
cross-over trials, the authors planned an analysis with the marginal
probabilities of success method (Becker 1993), rather than by
evaluating them as parallel trials.

Dealing with missing data

The authors reported the numbers and reasons for dropouts and
withdrawals in all intervention groups (if described), or that the
papers specified that there were no dropouts or withdrawals, if
that was the case. The authors planned to contact the original
Investigators for clarification on any missing information.

Assessment of heterogeneity

If the authors had been able to combine a sufficient number of
trials, they planned to assess the degree of heterogeneity between
trials through visual examination of the combined data presented
in the forest plots and by using the 12 statistic together with
Chi2 values and their Cls (Deeks 2011). This measure describes
the percentage of total variation across trials that are due to
heterogeneity rather than by chance (Higgins 2003). The values
of 12 lie between 0% and 100%. The authors planned to use a
categorization of heterogeneity according to the following cut-off
values:

* notimportant (12 values 0% to 40%);

* moderate (12 values 30% to 60%);
 substantial (12 values 50% to 90%); and
» considerable (12 values 75% to 100%).

Assessment of reporting biases

The authors aimed to assess the consistency of measurements and
outcomes planned by the original Investigators during the trial
and those reported within the published paper by comparing the
trial protocols with the information in the final publication. As
protocols were not available, the authors compared the 'Methods'
and the 'Results' sections of the final papers. They also used their
knowledge of the clinical background to identify standard outcome
measures usually taken, but not reported by the investigators. In
the case of a sufficient number of trials (10 or more) included, the
authors planned to attempt the assessment of publication bias by
using a funnel plot.

Data synthesis

The authors planned to attempt to pool data by disease and
treatment combinations, i.e. combinations of participants with a
similar CBD diagnosis (severe or non-severe haemophilia A and
B, severe or non-severe mild CBD, individuals with and without
inhibitors) and of different treatment regimens (dose regimens
of the same haemostatic treatment; modalities of administration,
duration, types of procedure). However, this was only possible for
one combination (Analysis 1.2).

For the meta-analysis, the authors used a fixed-effect model. If they
had identified moderate, substantial or considerable heterogeneity
(as defined above), they would have used a random-effects model.

Subgroup analysis and investigation of heterogeneity

Given the limited number of trials included in the review, the
authors have not been able to undertake any of the proposed
subgroup analyses. They had expected to find trials in different
CBDs, in people with different disease severities (or both), in
people with and without inhibitors and in different surgical settings
(implying significant clinical heterogeneity). If they are able to
include a sufficient number of such trials in the future, they plan to
undertake subgroup analyses based on:

1. type and severity of CBD (people with severe and non-severe
haemophilia);

2. inhibitor status (individuals with inhibitors and without
inhibitors);

3. type of surgery (orthopaedic surgery, major surgery, dental
procedures, minor surgery).

Sensitivity analysis

For future updates of this review, if the authors include a sufficient
number of trials, they plan a sensitivity analysis based on the risk
of bias of trials, including or excluding trials assessed as having an
overall high risk of bias (i.e. where the proportion of information
fromtrials at high risk of bias is sufficient to affect the interpretation
of the results).

RESULTS

Description of studies

See: Characteristics of included studies; Characteristics of
excluded studies; Characteristics of studies awaiting classification;
Characteristics of ongoing studies.
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Results of the search

Two authors (AC and MNDDM) independently evaluated the
literature search, retrieving 344 unique studies after screening of
titles and abstracts. Overall, 16 studies were then identified as
potentially relevant (Avanoglu 1999; Batorova 2000; Forbes 1972;

Jiménez-Yuste 2002; Lee 2005; NCT00357656; Pruthi 2007; Rakocz
1993; Ramstrom 1975; Sindet-Pedersen 1986; Shapiro 1998; Stajcic
1985; Stajcic 1989; Tavenner 1972; Waly 1995; Walsh 1971), as
detailed in Figure 1. Of these, four trials were considered eligible for
this review,10 studies were excluded for reasons reported below,
one awaits classification and a further study is ongoing.
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Figure 1. Study flow diagram.
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Included studies

There are four trials included in this review (Forbes 1972; Pruthi
2007; Shapiro 1998; Walsh 1971).

Trial design

Three of the four included trials were RCTs (Forbes 1972; Pruthi
2007; Shapiro 1998), of which two were double blinded (Forbes
1972; Shapiro 1998) and one had an open-label design (Pruthi
2007). The remaining trial was a double-blind controlled trial,
which we regarded as a quasi-RCT (Walsh 1971). All trials had
two arms; however, in the Pruthi trial, a third participant group
was also included for safety assessment (Pruthi 2007). Two trials
were multicentre (Pruthi 2007; Shapiro 1998), whereas one of the
remaining two trials was carried out at a single centre (Forbes 1972)
and one at two centres (Walsh 1971).

Participants

All four included trials enrolled adults and children with
haemophilia A and B. In two trials, participants were people with
haemophilia (all severities) without inhibitors (Forbes 1972; Walsh
1971). The remaining two trials specifically evaluated people with
haemophilia and inhibitors (Pruthi 2007; Shapiro 1998).

Haemophilia A or B without inhibitors

In both trials of people with haemophilia A and B without
inhibitors, participants were undergoing dental extractions. The
Walsh trial evaluated 31 participants (24 with haemophilia A, 7 with
haemophilia B) from two centres in the UK (Walsh 1971), whereas
the Forbes trial evaluated 28 participants (20 with haemophilia A,
8 with haemophilia B) from a single UK centre with 32 separate
procedures overall (Forbes 1972).

Haemophilia A or B with inhibitors

In the two trials in participants with haemophilia with inhibitors,
major or minor elective surgical procedures were considered. In
the Shapiro trial, 29 participants with inhibitors (25 haemophilia
A, three haemophilia B, one acquired haemophilia A) from four
centres in the USA underwent 11 major and 18 minor surgical
procedures (Shapiro 1998). In the Pruthi trial 24 males with
haemophilia and inhibitors from 11 centres in the USA underwent
22 major and two minor surgical procedures. Additionally, in
this second trial, 12 haemophilia participants without inhibitors
undergoing 12 major surgical procedures were included for safety
comparative purposes (Pruthi 2007).

Interventions
Haemophilia A or B without inhibitors

In both of these placebo-controlled trials, the role of antifibrinolytic
agents given in addition to replacement treatment was evaluated
in participants undergoing dental extractions (Forbes 1972; Walsh
1971). In the Walsh trial, participants received an intravenous
infusion of 6 g of epsilon-aminocaproic acid (EACA) in 250 ml
isotonic saline (experimental arm) or isotonic saline (control arm),
immediately after a pre-operative (one hour) loading dose of
human antihaemophilic globulin concentrate (or cryoprecipitate)
or factor-IX concentrate calculated to raise their level of the
deficient factor to 50% average normal (Walsh 1971). The
participants in the experimental arm then received EACA orally
in orange squash every six hours, whereas participants in the

control group received a drink with a similar taste. The duration
of treatment and follow up was 10 days or seven days in the
two different participating centres (Walsh 1971). In the Forbes
trial, participants were randomised to either tranexamic acid (1
g three-times-a-day) or placebo tablets starting two hours before
extraction and continuing for five days. All participants then
received the factor VIl or IX equivalent of 1000 ml of human plasma
intravenously one hour before extraction (Forbes 1972).

Haemophilia A or B with inhibitors

In both of these trials, treatment regimens of recombinant
activated factor VII (rFVIla) for attaining and maintaining effective
haemostasis during and after elective surgical procedures were
evaluated (Pruthi 2007; Shapiro 1998). In the Shapiro trial,
participants were randomised to receive a low-dose (35 pg/kg) or
high-dose (90 pg/kg) rFVila bolus regimen, starting immediately
prior to surgical incision, intra-operatively as needed, every two
hours for the first 48 hours and every two to six hours for the
following three days. These five days of blinded dosing represented
the primary trial period, after which open-label (90 pg/kg) rFVila
was available for maintenance (Shapiro 1998). In the Pruthi trial, all
participants received a pre-operative bolus of 90 ug/kg rFVlia, then
were randomised to continuing bolus infusions (90 ug/kg every two
hours during surgery and through post-operative day (POD) five,
then every four hours from POD six to 10) or at receiving rFVila
continuous infusion (50 pg/kg/hour through POD five, then 25 pg/
kg/hour from POD six to 10). Due to such a different modality of
administration, participants were unblinded (Pruthi 2007).

Outcomes

The included trials had different outcome definition and
assessment.

Haemophilia A or B without inhibitors

Both included trials of participants undergoing dental extractions
aimed to provide an objective estimation of bleeding and the
efficacy of experimental treatment in reducing the need for
replacement treatment and its safety (Forbes 1972; Walsh 1971).
The Walsh trial evaluated the frequency of intra-oral bleeding
by daily report of occurrence of bleeding and measurement of
haemoglobin levels at post-operative days 1, 3, 5 and 7, and
the requirement for post-operative therapeutic material. Safety
was evaluated by reporting the side effects of treatment (Walsh
1971). In the Forbes trial, blood loss was measured with detection
of 51Cr-labelled red cells in oral secretions and faeces over 24-
hr collections for five days and the fall in haemoglobin levels.
Requirement for further replacement therapy after the initial dose
was recorded. Safety was monitored by renal and liver function
tests, electrocardiogram, and the reporting of side effects (Forbes
1972).

Haemophilia A or B with inhibitors

In both trials evaluating rFVlla treatment regimens for haemostatic
coverage of surgical procedures in people with inhibitors, the
primary efficacy endpoint was the subjective assessment of
haemostasis by the investigators, at different times and using
different scales (Pruthi 2007; Shapiro 1998). In the Shapiro trial the
assessment was referred to the surgical site during the operation, at
wound closure, at 8, 24 and 48 hours after wound closure and daily
from days three to five after wound closure (Shapiro 1998). In the
Pruthi trial, haemostasis was assessed at wound closure, at eight,
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24, 48, 72 hours following wound closure and daily until discharge
or POD 10 (Pruthi 2007). In both trials, total dosage and length of
rFVila treatment, together with safety (adverse events), were also
evaluated.

Excluded studies

Ten trials were excluded as they were not RCTs or quasi-
RCTs (Avanoglu 1999; Batorova 2000; Jiménez-Yuste 2002; Rakocz
1993; Ramstrom 1975; Sindet-Pedersen 1986; Stajcic 1985; Stajcic
1989; Tavenner 1972; Waly 1995). Clinical setting and treatment
comparisons of the excluded trials are detailed in an additional
table (Table 2).

Studies awaiting classification

Onetrialis awaiting classification (Lee 2005). This has arandomised
controlled design, however, outcome data were not clearly
reported, we plan to contact the authors for further information.

Ongoing studies

One ongoing trial addressing the comparison between treatment
by bolus infusions and continuous infusions of a recombinant
full-length factor VIl concentrate in people with haemophilia
A undergoing major orthopaedic surgery was identified
(NCT00357656).

Risk of bias in included studies

Please refer to Figure 2.

Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Only one trial provided details about the generation of the
randomisation sequence (Shapiro 1998). This trial reported a
1:1 randomisation within surgical categories to receive either
treatment, thus the risk of bias was considered low (Shapiro
1998). In two trials, in which no information about the method
of randomisation was reported, we considered the risk of bias
to be unclear (Forbes 1972; Pruthi 2007). In the remaining trial,
participants were assigned to the treatment groups according to a
pair-matching technique. The risk of bias in this trial was therefore
considered high (Walsh 1971).

Allocation concealment

No details about concealment of allocation were reported in three
trials, therefore the risk of bias was considered unclear (Forbes
1972; Pruthi 2007; Shapiro 1998). In the remaining double-blinded
trial, allocation was administered by a single physician on the basis
of pair matching, therefore the risk of bias was considered high
(Walsh 1971).

Blinding

The risk of bias was considered low in three out of the four
included trials which were described as being double-blinded
and in which identically appearing treatments were given: tablets
(Forbes 1972); intravenous 250 ml infusions and orange-flavoured
drink (Walsh 1971); or intravenous drug bolus (Shapiro 1998).
In one trial, the lack of knowledge of laboratory results by
the clinicians was also stated (Forbes 1972). In the Pruthi trial,
participants and physicians could not be blinded due to the major
difference between the modality of administration of treatment
(bolus infusions or continuous infusion). The risk of bias was thus
high in this trial (Pruthi 2007).

Incomplete outcome data

Intention-to-treat populations for the efficacy analysis were used
in all of the included trials. No withdrawals were reported in
the Forbes trial (Forbes 1972), whereas one participant withdrew
from the Walsh trial; however, this participant was included in the
efficacy analysis on the basis of the original treatment group (Walsh
1971). In the Shapiro (n =5) and Pruthi (n = 6) trials, all participants
who did not complete the trial because of haemostatic treatment
failures were included in the trial efficacy analysis (Shapiro 1998;
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Pruthi 2007). This is also the case for a further participant in the
Shapiro trial who withdrew due to an adverse event (Shapiro 1998).
Whereas Pruthi excluded one participant from the analysis because
he suffered from acquired (not congenital) haemophilia (Pruthi
2007). Overall, therisk of bias has been judged to be low for all trials.

Selective reporting

We were not able to compare the trial protocols and reports for
all included trials. We did compare the outcomes reported in
the methods to those reported in the results, and we found that
outcomes were reported in full in all cases. Outcomes and timing
of assessments were among those commonly used in this field and
defined as outcome measures for this review. On this basis, we
considered therisk of bias for all trials to be low (Forbes 1972; Pruthi
2007; Shapiro 1998; Walsh 1971).

Other potential sources of bias

The Walsh trial was conducted at two centres, adopting different
methods for calculating replacement therapy and, in particular,
different follow up and duration of the investigational treatment.
Moreover, participants showed differences in mean factor levels
and mean number of teeth removed per patient in the two
treatment groups at one centre. However, results were reported
separately for the two participating centres (Walsh 1971). No
relevant other source of bias was detected in the Forbes trial
(Forbes 1972). Two trials used subjective assessments rather than
an objective measurement for the primary efficacy endpoint, thus
carrying aninherent risk of bias (Pruthi 2007; Shapiro 1998). In both
of these trials, additional haemostatic drug administration was
allowed with different timings. Only the Pruthi trial clearly reported
the number of additional doses, with a different distribution
between the two treatment arms (Pruthi 2007). No adjustment is
reported for age, which is likely to be different in the two treatment
groups in both trials (in particular in the Pruthi trial) or inhibitor
titres (data not provided). Both trials included major and minor
surgical procedures, with adjustment of analysis for surgery type
reported only in one trial (Shapiro 1998).

Effects of interventions
Haemophilia A or B without inhibitors

Two trials (n =59) evaluated the role of antifibrinolytic agents given
in addition to replacement treatment in people undergoing dental

extractions (Forbes 1972; Walsh 1971). Data on outcomes and
assessments from these trials are reported below, in the analyses
(Analysis 1.1; Analysis 1.2), and in an additional table (Table 3).

Primary outcomes
1. Mortality

Neither trial specifically addressed this outcome. In the frame of
safety assessments, no fatal adverse event was reported.

2. Blood loss assessed objectively
a. during surgery
i. by variation of haemoglobin levels

Neither trial reported on this outcome.

ii. by transfusion requirement (number of red blood cell (RBC) units
infused)

This outcome was not considered specifically by either trial. The
lack of blood transfusion requirement was clearly stated in one trial
(Walsh 1971), whereas no information was provided in the second
trial (Forbes 1972).

b. after surgery
i. by variation of haemoglobin levels

This outcome was reported in both trials, but by different
assessments (Table 3). In the Forbes trial, the drop in haemoglobin
levelsin the five-day follow up was higherin the placebo group than
in the tranexamic acid group (1.4 g/100 ml versus 0.3 g/100 ml).
However, the main objective measure of blood loss was provided
by the assessment of 51Cr-labelled red cells in oral secretions and
faeces. Over the five-day evaluation, blood lost per participant was
84.1 ml (range 4 to 323) and 61.2 ml (range 1 to 749) in the placebo
and tranexamic acid group, respectively (Mann-Whitney U test, P <
0.025) (Forbes 1972). In the Walsh trial, a slightly greater (but not
statistically significant) fall in haemoglobin occurred, on average,
in the placebo group (6.3% at both participating centres) than in
the EACA group (3.9% and 3.7% at the two different participating
centres (Walsh 1971). Moreover, in this trial, the number of
participants reporting intra-oral bleeding was significantly higher
in the placebo group than in participants receiving EACA, OR 0.04
(95% CI 0.01 to 0.25) (Analysis 1.1) (Figure 3).

Figure 3. Forest plot of comparison: 1 Antifibrinolytic agents in people with haemophilia undergoing dental

extractions, outcome: 1.1 Incidence of oral bleeding.
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ii. by transfusion requirement (number of RBC units infused)

This outcome was not specifically reported in either trial. Again,
the lack of blood transfusion requirement was clearly stated in the
Walsh trial (Walsh 1971), whereas no information was provided in
the Forbes trial (Forbes 1972).

3. Need for re-intervention

This outcome was not reported in either trial.

Secondary outcomes
1. Need for additional unplanned dosing of the drug under study

This outcome was not addressed in either of the trials (Forbes 1972;
Walsh 1971). The investigational drug was administered according
to the trial protocols and no additional dosing was clinically
considered.

2. Need for alternative haemostatic treatment

This outcome was not considered in either of the trials. However,
the need for additional replacement treatment was reported
(Forbes 1972; Walsh 1971) (Analysis 1.2). In the Forbes trial, the
number of participants requiring additional plasma or concentrate
infusions during the five-days trial was higher in the placebo group
than in the tranexamic acid group (11 out of 16 versus 2 out of
16) (Forbes 1972). Similarly, the number of participants requiring
post-operative replacement material was significantly higher in
the placebo groups than in the EACA-treated groups (7 out of 12
and 2 out of 4 versus 1 out of 11 and zero out of 4) over the
10-day and seven-day follow up at the two centres participating
in the Walsh trial (Walsh 1971). Combined data from these trials
significantly favoured the treatment group, OR 0.06 (95% Cl 0.01 to
0.25) (Analysis 1.2).

3. Haemostatic effectiveness (as assessed and rated by the
surgeon or the treating physician)

Subjective assessments of haemostatic efficacy were not
considered in either trial.

4. Achievement of sustained target haemostatic levels (as
measured by lab test during or after surgery)

This outcome is not relevant to trials focused on antifibrinolytic
agents.

5. Duration of replacement treatment

Again, this outcome is not relevant to trials focused on
antifibrinolytic agents. As regards the administration of these
agents, duration of treatment was defined according to the trial
protocols, five days (Forbes 1972) and 10 or seven days in the two
participating centres (Walsh 1971), respectively.

6. Concentrate consumption

These trials reported the effect of antifibrinolytic agentsin reducing
the need for replacement concentrate. The number of units of
antihaemophilic globulin infused per root extracted was lower in
the participants receiving tranexamic acid than those receiving
placebo; in the trial report this was represented in a figure, with no
absolute or mean values provided (Forbes 1972). Similarly, at the
two centres participating in the Walsh trial, lower mean numbers of
units (145 and 0 versus 2331 and 1881) and of doses (1.75 and 1.25
versus 0.09 and 0) of post-operative replacement concentrate given

per participant were reported in those on antifibrinolytic therapy
(Walsh 1971).

7. Thromboembolic adverse events

This outcome was not reported in either trial.

8. De novo inhibitor development

Neither trial considered this outcome in their methods or reported
this in the results. However, the trial follow-up period was quite
short (five to 10 days) for such an assessment (Forbes 1972; Walsh
1971).

Haemophilia with inhibitors

Two trials (n = 53) considered people undergoing major or minor
elective surgery and compared treatment regimens of rFVlla in
this setting (Pruthi 2007; Shapiro 1998). Data and assessments are
reported below and in the analyses and additional tables (Analysis
2.1; Analysis 3.1; Analysis 4.1; Analysis 5.1) (Table 4; Table 5; Table
6; Table 7).

Primary outcomes
1. Mortality

Neither trial specifically addressed this outcome in the methods.
However, no fatal adverse event was reported in safety
assessments. The Pruthi trial clearly stated that there were no
participant deaths (Pruthi 2007).

2. Blood loss assessed objectively
a. during surgery
i. by variation of haemoglobin levels

Neither of the included trials assessed this outcome in the methods
or reported any results.

ii. by transfusion requirement (number of RBC units infused)

This outcome was not specifically addressed. In the Shapiro
trial, blood transfusion requirement was reported in 6 out of
29 (21%) participants; however, timing of transfusion (intra-
operative or post-operative) was not clearly reported (transfusion
requirement both during and after the operation was described
for one participant), as well the number of RBC units infused and
the distribution of participants requiring transfusions in the two
treatment groups (Shapiro 1998).

b. after surgery
i. by variation of haemoglobin levels

This outcome was not evaluated in either trial.

ii. by transfusion requirement (number of RBC units infused)

Again, this outcome was not considered in these trials. As reported
above, the Shapiro trial reported that 6 out of 29 (21%) participants
required blood transfusion, without details about timing of
transfusion. However, it is likely that transfusions were given after
surgery in all cases (as above mentioned, intra- and post-operative
need for transfusions is stated in one participant only). The number
of RBC units infused and the distribution of participants requiring
transfusions in the two treatment groups were not clearly reported
(Shapiro 1998). No information is provided in the Pruthi trial (Pruthi
2007).
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3. Need for re-intervention

This outcome was not stated in the methods of either trial.
However, the need for re-intervention was reported in one
participant for each trial: evacuation of surgical-site intracranial
haematoma in one participant who underwent excision of an
astrocytoma on continuous infusion of rFVila (Pruthi 2007); and
debridement and re-closure of the wound in a participant who
underwent major surgery in the low-dose rFVila arm (Shapiro
1998).

Secondary outcomes
1. Need for additional unplanned dosing of the drug under study

This outcome was considered in both trials (Table 5; Table 7). The
Shapiro trial reported five participants with haemostatic failure
after they had received the repeated blinded rFVlla scheduled dose
(Shapiro 1998). Of these, four received escape rFVila doses (up
to 180 pg/kg) and the fifth was given alternative therapy without
receiving an escape dose. All but one of the participants were in
the low-dose rFVlla treatment arm (Analysis 2.1). In the Pruthi trial,
supplemental doses of rFVlla in the intra-operative period were
given to six out of 11 (55%) participants in the rFVlla bolus infusion
arm and to five out of 12 (40%) participants in the continuous
infusion group, with a mean number of supplemental doses of 2.6
(range 0 to 5) and 1.4 (range 0 to 3) for the bolus and continuous
infusion arms, respectively (Pruthi 2007). The total number of
additional rFVlla bolus injections beyond the two allowed by the
protocolin any 24-hour period was similar (nine versus eight) in the
bolus and continuous infusion treatment arms (Pruthi 2007). None
of these results was statistically significant.

2. Need for alternative haemostatic treatment

This outcome was reported in both trials (Table 5; Table 7).
As reported above, in the Shapiro trial, five participants with
haemostatic failure on the assigned rFVlla regimens were moved
to alternative haemostatic therapy (two activated prothrombin
complex concentrate, one porcine FVIIl, one recombinant FVIIl and
one EACA), all but one after receiving escape rFVlla doses (Shapiro
1998). Four out of these five participants were in the low-dose
rFVlla treatment arm (Analysis 2.1) (Shapiro 1998). In the Pruthi
trial, six participants with ineffective haemostasis on rFVila were
then treated with activated prothrombin complex concentrate (n =
3) and/or EACA (n = 3), porcine FVIII (n = 1), recombinant FVIII (n =
1). These participants were equally distributed in the two treatment
arms (three out of 11, 27% in the bolus infusion and three out of 12,
25% in the continuous infusion groups) (Pruthi 2007).

3. Haemostatic effectiveness (as assessed and rated by the
surgeon or the treating physician)

This outcome was the primary efficacy end-point in the included
trials, with different timing and rating assessments. We have
considered the main clinically relevant assessments to be:
intra-operative wound closure (hour 0), 24 hours, end of trial
(discontinuation of treatment or POD 5 and 10, in the Shapiro
and Pruthi trials, respectively (for Pruthi, an intermediate POD 5
assessment was also included)). Data and analyses were reported
separately. In the Pruthi trial, the overall haemostatic efficacy at the
end of the trial period was similarin the rFVlla bolus and continuous
infusion arms. Accordingly, all time-point efficacy assessments
were comparable in the two treatment groups (Analysis 3.1; Table
6) (Pruthi 2007). In the Shapiro trial, no difference in the percentage

of participants with satisfactory haemostasis was found between
the low-dose and high-dose rFVila groups in the intra-operative
period, at wound closure and in the following 24 hours (Shapiro
1998). A higher rate of efficacy was reported in favour of the high-
dose group at post-operative assessments from day three to day
five, with a more pronounced effect in major than in minor surgery
(Table 4) (Shapiro 1998). Main time assessments of haemostatic
effectiveness are reported separately for minor (Analysis 4.1) and
major surgeries (Analysis 5.1).

4. Achievement of sustained target haemostatic levels (as
measured by lab test during or after surgery)

Laboratory measurements of FVII activity levels (FVII:C) were
reported in both trials, although it is known that such assessments
may not be directly correlated with haemostatic efficacy in inhibitor
participants. Data from the Pruthi trial were available for 12
participants (seven in the bolus and five in the continuous infusion
arms), with a higher (but not significantly different) mean plasma
FVII:Cin participants receiving continuous infusion thanin those on
bolus treatment through to 72 hours (Pruthi 2007). In participants
with haemostatic failures, FVII:C levels were in excess of 30 U/
ml at the time the therapy was declared to be ineffective (Pruthi
2007). In the Shapiro trial, the mean (SD) increment in FVII:C levels
was higher in those participants receiving the high-dose rFVlla
treatment than in those on low-dose treatment (13.64 (3.48) IU/ml
versus 30.6 (12.02), respectively), with comparable mean levels at
subsequent evaluations (Shapiro 1998). As no blood sampling for
FVII:C was obtained at the time at which investigators categorised a
participant as a treatment failure, FVII:C could not be analysed with
respect to the haemostatic outcome (Shapiro 1998).

5. Duration of replacement treatment

In the Shapiro trial it was documented that there was a clear
reduction in the number of days of dosing (and consequently of
drug injections) required in the high-dose group than in the low-
dose group in participants undergoing major surgery. In minor
surgery participants, the number of days dosing was similar in both
groups (Table 5) (Shapiro 1998). The median duration of rFVila
treatment was similar in the bolus and continuous infusion arms of
the Pruthi trial, as was the number of participants requiring rFVila
treatment for longer than 10 days (5 out of 11 and 6 out of 12),
respectively (Table 7) (Pruthi 2007).

6. Concentrate consumption

In the Shapiro trial, the median total amount of rFVila given to
participants undergoing both major surgery and minor surgery was
similar, irrespective of dose arm (Table 5) (Shapiro 1998). In the
Pruthi trial, the mean total dose of rFVIla administered during the
intra-operative period and up to 72 hours after surgery was greater
in the continuous infusion arm than in the bolus treatment arm
(Table 7) (Pruthi 2007).

7. Thromboembolic adverse events

This outcome was not specifically considered in either trial (Pruthi
2007; Shapiro 1998). However, one thromboembolic adverse event
was reported in each trial. In the Shapiro trial, one participant
in the low-dose rFVlla arm reported a thrombosis of the right
internal jugular vein on day three following central venous catheter
placement (Shapiro 1998). In the Pruthi trial, one participant
receiving rFVila bolus infusion for left total knee arthroplasty
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developed thrombosis of the left popliteal vein and the proximal
peronealvein on POD 10. Interestingly, in the included studies, only
the Pruthi trial provided information about the adoption of venous
thromboembolism prophylaxis, which consisted of mechanical
methods per institutional protocol. In this multicentre trial, no site
used pharmacological thromboprophylaxis (Pruthi 2007).

8. De novo inhibitor development

This outcome is not relevant to these trials.
DISCUSSION

Summary of main results

This systematic review found three randomised controlled trials
(RCTs) and one quasi-RCT investigating treatment for preventing
bleeding in people with haemophilia or other CBDs undergoing
surgery. These trials refer to two specific clinical settings
and therapeutic interventions. The first being in people with
haemophilia A or B undergoing dental extractions with the use
of antifibrinolytic agents as haemostatic support to the initial
replacement treatment (two trials, reporting on 59 participants
and 63 procedures (Forbes 1972; Walsh 1971). The second clinical
setting related to participants with haemophilia A and B with
inhibitors treated with different regimens of rFVila (low-dose
versus high-dose, bolus infusion versus continuous infusion) for
haemostatic coverage of surgery (two trials, reporting on the
whole 53 participants undergone 33 major and 20 minor surgical
interventions) (Pruthi 2007; Shapiro 1998).

These trials showed the efficacy of the addition of antifibrinolytic
agents (tranexamic acid or epsilon-aminocaproic acid) to the initial
replacement treatment in people with haemophilia undergoing
dental extractions, resulting in the reduction of blood loss and
requirement of post-operative replacement treatment compared
with placebo, in the absence of relevant side effects (Forbes 1972;
Walsh 1971). As regards people with inhibitors undergoing surgery,
a higher post-operative haemostatic efficacy was revealed when
high-dose (90 pg/kg) regimen of rFVila was used as compared with
the low-dose regimen (35 pg/kg), particularly in major surgery,
resulting in shorter duration of treatment, lower number of
injections but similar total dose of rFVIla administered and safety
(Shapiro 1998). In the same setting, bolus infusion and continuous
infusion of rFVIla showed similar haemostatic efficacy, duration of
treatment and safety.

Overall completeness and applicability of evidence

Thereis a general paucity of well-designed, rigorous trials reported
in the literature on haemophilia and other CBDs, and this review
highlights the lack of data concerning treatment for preventing
bleeding in people undergoing surgical procedures. The included
trials cover relevant specific clinical conditions but do not allow
us to present a complete picture of the management of surgery
in people with a congenital bleeding disorder (CBD) and to
address the objectives of this review. As expected, we found
no trials in people with a rare CBD, and even for people with
haemophilia A or B, where there is a higher prevalence and
greater clinical experience, we were only able to include two
trials (in participants without inhibitors) from the 1970s (Forbes
1972; Walsh 1971). The paucity of trials and data about surgery
in people with haemophilia could be imputed to challenges
in performing surgical interventions in these people until the

mid-1980s, due to the limitations in the availability and safety of
replacement products (Franchini 2012). Indeed, the two identified
trials aimed to demonstrate the efficacy of antifibrinolytic agents
in reducing the need for the limited, difficult to administer and
potentially unsafe replacement concentrates available at that time
(Forbes 1972; Walsh 1971). In spite of the dramatic changes in
replacement treatment since then, the ancillary administration
of antifibrinolytics remains a mainstay of treatment in people
with a CBD undergoing dental surgery (Srivastava 2013). After
the advent of virally-inactivated plasma-derived concentrates
and, in particular, of recombinant products, general and specific
management issues of surgical procedures were increasingly and
safely addressed in people with haemophilia. These procedures
include adeno-tonsillectomy, circumcision, placement of central
venous access devices, liver biopsies in those with chronic hepatitis
and, in particular, major and minor orthopedic surgeries in
people with variable stages of arthropathy (Hermans 2009). The
large availability (at least in high-income countries) of factor
concentrates and the excellent outcomes in clinical practice,
with few bleeding complications, are likely to explain the lack
of rigorous trials addressing the optimal treatment in terms of
dosing, target factor levels and duration of replacement therapy
in the different surgical settings. Therefore, these issues remain
substantially unanswered and clinical practice continues to be
based on local protocols developed by expert multidisciplinary
teams (haematologists, surgeons, anaesthesiologists) and on data
from observational, uncontrolled studies or registries. In this
respect, anumber of national and international documents provide
dosing and duration of replacement treatment in various types of
surgery, including the recent guidelines from the World Federation
of Haemophilia (WFH) (Srivastava 2013). In these guidelines,
different regimens and target factor levels are suggested, whether
in the presence of resource constraints or not. During the
current financial crisis, economic issues have become increasingly
important, even in high-income countries. Costs of treatment
were not considered among the outcomes of the included trials.
Assessing cost-effectiveness of treatment should be extensively
addressed, in particular in the resource-demanding setting of
surgery in people with a CBD. Another emerging issue refers to the
management of the ageing population of people with haemophilia
(Mannucci 2009b). The risk of thromboembolic complications
(and the need for antithrombotic prophylaxis) has so far been
overlooked and largely poorly addressed in clinical studies, even
in surgical settings such as orthopaedic surgery, in which such a
risk is well recognized in the general population. Therefore, surgical
indications and management should be modified in the light of the
changing clinical needs of these individuals with an increased life
expectancy (Coppola 2013).

The remaining two trials identified were conducted in
people with haemophilia and inhibitors receiving rFVlla. In
this setting, the availability of such bypassing agents has
greatly encouraged surgical practice since the mid-1990s. The
challenging management, limited experience and pharmaco-
economic implications of treatment supported the need for
investigating the most effective and safe regimen of treatment
with rFVlla in surgery. No trials addressed the comparisons
between the two available bypassing agents (rFVIla and activated
prothrombin complex concentrate) in this setting. In the included
trials, consistent with clinical practice, subjective, rather than
objective, assessment of haemostatic efficacy was considered as
the primary endpoint. The superiority of the high-dose rFVlla
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regimen illustrated in the Shapiro trial (Shapiro 1998) is well
recognized and implemented in clinical practice (Giangrande 2009).
The Pruthi trial failed to show advantages of rFVila continuous
infusion compared with bolus administrations (Pruthi 2007).The
continuous infusion approach was considered potentially product-
and cost-saving, in particular when complete pharmacokinetic
information is used for adjusting dose (Martinowitz 1992; Batorova
2000). However, these uncertainties and the need for specific
expertise, mean that in current practice continuous infusion (of
rFVila and other factor concentrates) is mainly used at just a few
specialised centres. The comparison between treatment by bolus
or continuous infusion is being further addressed in an ongoing
randomised trial with a recombinant protein-free full-length factor
VIII in people with haemophilia undergoing major orthopaedic
surgery (NCT00357656).

Quality of the evidence

The trials included in this review do not allow robust conclusions
with respect to the objective(s) of this review. Beyond the
limitations of these clinical settings, and in spite of adequate trial
designs, the small sample sizes greatly affect the statistical power
of the trials. The rarity of the conditions under study, such as
haemophilia with inhibitors, often represents an insurmountable
barrier, even in multicentre or multinational trials.

Potential biases in the review process

The high likelihood that all relevant trials were identified for
this review was provided by the lack of restrictions based on
dates, language or publication type in the search strategy. The
trial selection and analysis did not result in disagreement among
reviewers and all relevant data were obtained from the included
trials. On the basis of the retrieved trials, with heterogeneous
objectives and evaluated outcomes, It is unlikely that the review
process could have introduced bias.

Agreements and disagreements with other studies or
reviews

No comparable systematic review is currently available. The
lack of robust data supporting treatment recommendations
and guidelines was similarly recognised by a literature review
on replacement therapy for invasive procedure in people with
haemophilia. In this literature review, two trials in dental surgery

(also included in this Cochrane Review) were identified as the only
RCTs available in haemophilia (Hermans 2009).

AUTHORS' CONCLUSIONS

Implications for practice

Thereisinsufficient evidence from RCTs to assess the most effective
and safe haemostatic treatment to prevent bleeding in people with
a CBD undergoing surgery, currently managed, in most cases, on
the basis of local protocols developed by expert clinicians and
on information from observational uncontrolled studies. Some
conclusions can be drawn, but only in relation to the management
of people with haemophilia A or B undergoing dental extractions or
of people with inhibitors treated with rFVlla on surgery.

Implications for research

Large, adequately-powered, well-designed RCTs comparing active
treatment to control are ideally needed to provide evidence for
the optimal treatment regimen to prevent bleeding in all people
with a CBD undergoing different types of surgical procedures. These
should address the issues of efficacy, safety and cost-effectiveness
of the different dosing regimens, the duration of treatment, and
the strategies for improving outcomes or reducing the need for
replacement products (local haemostatic products, antifibrinolytic
agents, timing of treatment administration, modalities of
administration). Moreover, standardised and commonly agreed
outcome measures of efficacy should be identified to facilitate
the comparison of results and their pooling. Performing such
rigorous studies is always a complex task in this setting and
presently does not appear to be a research priority. Indeed,
numerous prospective clinical trials are ongoing; however, to our
knowledge, only one study will provide a randomised comparison
of interventions. Although difficult to pursue, these objectives are
important, particularly in the light of the increasing economic
constraints and the high healthcare costs of the management of
surgery in people with CBDs. Elderly people with haemophilia
represent a new challenging population in whom evidence about
risk-benefit assessments in the surgical setting is needed.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Forbes 1972

Methods Single-centre double-blind RCT.

Participants 28 individuals with haemophilia (20 haemophilia A, 8 haemophilia B; 15 severe, 11 moderate, 2 mild)
Age: range 13 - 65 years.

32 separate episodes of dental extractions.

Interventions Tranexamic acid 1 g 3-times-a-day, starting 2 hours before dental extractions, for 5 days.
Placebo tablets given with the same schedule.

Both interventions in association with IV factor VIll or IX equivalent of 1000 ml of human plasma 1
hour before extraction and, in the case of excessive bleeding, further administrations sufficient to stop

bleeding.

Outcomes Efficacy outcomes: Blood loss measured with 51Cr-labelled red cells in oral secretions and faeces over

24-hr collections for 5 days.
Need for further replacement therapy after the initial dose.
Safety: renal and liver function tests, electrocardiogram, adverse events.

Notes Significant increase in ESR and fibrinogen levels in the placebo group were recorded, reflecting the
amount of plasma or concentrate infused. Significant depression of urokinase sensitivity after treat-
ment with tranexamic acid was shown.

Risk of bias

Bias Authors' judgement  Support for judgement
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Forbes 1972 (continued)

Random sequence genera-  Unclear risk Random allocation is stated. No further details given.
tion (selection bias)

Allocation concealment Unclear risk Double-blind technique and random allocation are stated. No further details
(selection bias) given.

Blinding of participants Low risk Both participants and clinicians did not know which tablet was given.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk The clinician did not know the treatment type and the results of laboratory as-
sessment (detection bias) says.
All outcomes

Incomplete outcome data  Low risk No trial withdrawal or incomplete outcome data stated.
(attrition bias)
All outcomes

Selective reporting (re- Low risk Outcome data reported in the methods and results sections correspond.
porting bias)

Other bias Low risk No difference in haemophilia severity, mean level of plasma factor VIII/IX and
the number of roots extracted in the 2 groups.

Pruthi 2007

Methods Open-label multicentre RCT.

Participants 24 male participants with congenital haemophilia A or B with inhibitors undergoing elective major
surgery receiving recombinant FVlla (rFVIla) as bolus or continuous infusion for the efficacy outcomes.
12 males with congenital haemophilia A or B without inhibitors undergoing elective major surgery as
control group for safety assessment.
Age: median (range) 37.4 (10 - 67) years and 26.7 (11 - 53) years in the 2 treatment inhibitor groups; 31
(14 - 76) years in the control non-inhibitor group.

Interventions Bolus infusion: 90 pg/kg rFVlla every 2 hours during surgery through day 5, then every 4 hours for days
6 - 10.
Continuous infusion: 50 pg/kg/hour through day 5, then 25 pg/kg/hour for days 6 - 10.
Allinhibitor participants received an initial bolus dose of 90 ug/kg rFVila. Two additional rFVlila bolus
infusions for breakthrough bleeding allowed in any 24-hour period.
The control group (safety assessment) received FVIII or FIX concentrates per institutional protocols.

Outcomes Primary efficacy outcome
Subjective investigator's assessment of treatment efficacy (2-level: effective or ineffective) at the time
of discontinuation of therapy or at post-operative day 10.
Haemostasis assessment at wound closure (0 hours), at 8, 24, 48, 72 hours following wound closure and
daily until discharge or post-operative day 10.
Safety: clinical symptoms; concomitant medications; and adverse events.

Notes Sample size not sufficient for adequate statistical power in either efficacy and safety analysis .
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Pruthi 2007 (continued)

One participant in the bolus infusion arm excluded from efficacy analysis because of acquired
haemophilia. 2 surgeries (1 in each arm) considered as minor.

Dosages of rFVlla, length of treatment and FVII activity levels were also evaluated. Greater mean total
dose of rFVIla was administered during the intra-operative period and up to 72 post-operative hours in
the continuous infusion arm.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Central randomisation. No further details provided.

tion (selection bias)

Allocation concealment Unclear risk Central randomisation, open-label treatment. No further details reported.

(selection bias)

Blinding of participants High risk Blinding was not possible for physicians and participants because of the differ-

and personnel (perfor- ent modality of administration.

mance bias)

All outcomes

Blinding of outcome as- High risk Outcome was assessed by the investigators, who were not blinded of adminis-

sessment (detection bias) tered treatment.

All outcomes

Incomplete outcome data  Low risk ITT population for the efficacy analysis (one participant in the bolus infusion

(attrition bias) arm excluded). 6 participants (3 bolus infusion, 3 continuous infusion), who

All outcomes discontinued from the trial because of ineffective haemostasis, were reported
in the efficacy analysis.

Selective reporting (re- Low risk Outcome data reported in the methods and results sections correspond.

porting bias)

Other bias High risk Subjective assessment for the primary efficacy endpoint.

Number of additional rFVIla higher in the bolus infusion than in the continu-
ous infusion arm [mean (range) 2.6 (0 - 5) vs 1.4 (0 - 3)]. Trend to younger age of
participants in the continuous infusion arm (mean 26.7, range 11 - 53; vs 37.4,
10-67 in the bolus infusion arm). No data on inhibitor titres provided.

Shapiro 1998

Methods

Multicentre double-blind RCT.

Participants

29 males with haemophilia and inhibitors (25 haemophilia A, 3 haemophilia B, 1 acquired FVIIl in-
hibitor) undergoing elective surgeries (11 major, 18 minor).

Age:range 0-40years (0-4,n=9;5-16,n=13;17-40,n=7).

Interventions

Haemostatic treatment with rFVlla as IV bolus at 35 pg/kg or 90 pg/kg, immediately prior to surgical in-
cision, intra-operatively every 2 hour or as needed, then every 2 hours from wound closure (time 0) for
48 hours, and every 2 - 6 hours (interval determined by investigators) for additional 3 days.

Single additional blinded dose allowed between each 2-hour interval in the first 48 hours, if needed.

Open-label 90 pg/kg treatment after day 5 on a schedule determined by the investigator.
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Shapiro 1998 (continued)

Outcomes Primary efficacy outcome
Subjective investigator's assessment of treatment efficacy during surgery (3-level rating, blood loss
compared with a participant without haemophilia: as expected, less than expected, more than expect-
ed); at wound closure, at 8, 24 and 48 hours after wound closure (3-level, effective, partially effective,
ineffective); daily from days 3 to 5 after wound closure (2-level, adequate or not adequate).
Safety: adverse events

Notes Analysis of dose effect adjusted for surgery type. Length of treatment, total dosage and number of in-
jections of rFVIla, and coagulation tests (PT, FVII, fibrinogen, D-dimer, platelet count) were also evaluat-
ed.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Participants were randomised 1:1 within surgical categories to receive either

tion (selection bias) rFVlla dose.

Allocation concealment Unclear risk Double-blind technique. No further details given.

(selection bias)

Blinding of participants Low risk The rFVlla dose assigned remained blinded over the 5-day assessment. The in-

and personnel (perfor- vestigators determined the interval of treatment (every 2 - 6 hours) from days

mance bias) 3tob5.

All outcomes

Blinding of outcome as- Low risk rFVlla dose assigned remained blinded over the 5-day assessment.

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk ITT analysis. 6 participants who did not complete the trial (reasons for with-

(attrition bias) drawal reported: 5 treatment failures, 1 adverse event) were included in the ef-

All outcomes ficacy analysis.

Selective reporting (re- Low risk Outcome data reported in the methods and results sections correspond.

porting bias)

Other bias High risk Subjective assessment for the primary efficacy endpoint.

Trend to younger age of participants in the higher-dose arm (0 - 4 years: 42.9%
vs 20% in the low-dose arm). No data on inhibitor titres provided.
Walsh 1971
Methods Double-blind quasi-RCT in 2 centres.

Participants

31 participants with haemophilia (24 haemophilia A, 7 haemophilia B), factor VIII/IX level < 15% (12 se-
vere), undergoing dental extractions.

Mean age range: 32.1 - 38.5 years

Interventions

EACA 6 g IVin 250 mlisotonic saline preoperatively, then orally four times daily in orange squash.

Placebo given IV (isotonic saline) and orally (drink with similar taste) with the same schedule.
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Walsh 1971 (continued)

All participants received replacement treatment (antihaemophilc globulin concentrate or cryoprecipi-
tate/factor IX concentrate) calculated (different formulae at the 2 participating centres) to raise factor
levels to 50% 1 hour prior to dental extraction.

Outcomes Efficacy outcomes: Intraoral bleeding (daily report of occurrence of bleeding; haemoglobin levels at
post-operative days 1, 3,5 and 7)
Requirement for post-operative therapeutic material
Safety: side effects
Notes Different treatment duration and follow up at the 2 participating centres (10 days and 7 days, respec-
tively).
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk Pair-matching technique on the basis of age, FVIII/IX levels and number or type
tion (selection bias) of teeth to be extracted.
Allocation concealment High risk Only 1 physician was responsible for the administration of the participant allo-
(selection bias) cation.
Blinding of participants Low risk Participants and physicians responsible for their care were kept blind to as-
and personnel (perfor- signed treatments.
mance bias)
All outcomes
Blinding of outcome as- Low risk Physicians responsible for the care of participants and assessing outcomes
sessment (detection bias) were kept blind to assigned treatments.
All outcomes
Incomplete outcome data  Low risk ITT analysis. 1 participant withdrew from the trial, but was included in the
(attrition bias) analysis according to the original treatment group.
All outcomes
Selective reporting (re- Low risk Outcome data reported in the methods and results sections correspond.
porting bias)
Other bias Unclear risk Differences in treatment at the 2 participating centres. Lower mean partici-

pants' factor levels and higher mean number of teeth removed per participant
in the EACA group at one centre.

EACA: epsilon-aminocaproic acid
ESR: erythrocyte sedimentation rate

ITT: intention-to-treat
IV:intravenous
PT: prothrombin time

RCT: randomised controlled trial

VSs:versus

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Avanoglu 1999

Not a RCT or quasi-RCT. Prospective case-control study.
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Study Reason for exclusion

Batorova 2000 Not a RCT or quasi-RCT. Observational case-control study
Jiménez-Yuste 2002 Not a RCT or quasi-RCT. Prospective observational study.

Rakocz 1993 Not a RCT or quasi-RCT. Retrospective case-control study.
Ramstrom 1975 Not a RCT or quasi-RCT. Retrospective case-control study.
Sindet-Pedersen 1986 Not a RCT or quasi-RCT. Retrospective case-control study.
Stajcic 1985 Not a RCT or quasi-RCT. Observational case-control study.
Stajcic 1989 Not a RCT or quasi-RCT. Retrospective case-control study.
Tavenner 1972 Not a RCT or quasi-RCT. Retrospective case-control study.
Waly 1995 Not a RCT or quasi-RCT. Observational case-control study.

RCT: randomised controlled trial

Characteristics of studies awaiting assessment [ordered by study ID]

Lee 2005

Methods Double-blind, cross-over RCT.

Participants 13 individuals with haemophilia (11 haemophilia A, 7 severe; 2 haemophilia B, both severe) under-
going dental scaling.

Interventions Experimental treatment: placebo infusion (0.9% saline) within 1 hour prior to the dental procedure;
10 ml 5% tranexamic acid mouthwash up to four times per day for 8 days, according to visual check
for gingival bleeding by the participant.

Control treatment: factor concentrate infusion according to the type and severity of haemophilia;
placebo mouthwash with the same instructions.

Outcomes Post-scaling haemorrhage (need for factor replacement treatment; reported gingival bleeding).
Use of mouthwash (overall use; number of times used to control bleeding; number of times elec-
tively not used when bleeding occurred; number of times used despite no bleeding).

Notes Published data did not enable to extract outcomes clearly. Additional information was requested

to the authors.

RCT: randomised controlled trial

Characteristics of ongoing studies [ordered by study ID]

NCT00357656
Trial name or title Antihaemophilic factor (recombinant) plasma/albumin-free method (rAHF PFM): A Phase 3/4,
prospective, controlled, randomized, multicentre study to compare the efficacy and safety of con-
tinuous infusion versus intermittent bolus infusion in participants with severe or moderately se-
vere hemophilia A undergoing major orthopedic surgery.
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NCT00357656 (Continued)

Methods Randomised multicentre open-label parallel assignment trial.

Participants People with severe or moderately severe haemophilia A (FVIIl <2%), age 18 - 70 years, previously
treated (> 150 exposure days) with factor VIIl concentrates, scheduled to undergo an elective uni-
lateral major orthopedic surgery that requires drain placement.

Interventions Recombinant protein-free factor VIIl (rAHF-PFM). Bolus infusion vs continuous infusion.

Outcomes Primary outcome

Cumulative PRBC volume in the drainage fluid during 24 hours following surgery in subjects receiv-
ing rAHF-PFM by bolus infusion or continuous infusion.

Secondary outcomes

a. Total amount of hemoglobin in the cumulative drainage fluid during the first post-operative 24
hours (and until time of drain removal, if drainage continues beyond 24 hours);

b. Actual post-operative blood loss during the first post-operative 24 hours;

¢. Number of bleeding episodes during treatment with continuous or bolus infusion.

Starting date June 2006.
Contact information Richard Steinbrugger.
Notes Currently recruiting. Expected to be completed June 2016.

PRBC: packed red blood cell
VS: versus

DATA AND ANALYSES

Comparison 1. Antifibrinolytic agents in people with haemophilia undergoing dental extractions

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Incidence of oral bleeding 1 0Odds Ratio (M-H, Random, Totals not select-
95% Cl) ed
2 Post-operative replacement treat- 2 63 Odds Ratio (M-H, Fixed, 95% 0.06[0.01, 0.25]
ment administration Cl)

Analysis 1.1. Comparison 1 Antifibrinolytic agents in people with haemophilia
undergoing dental extractions, Outcome 1 Incidence of oral bleeding.

Study or subgroup Antifibrinolytics Placebo 0dds Ratio 0dds Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Walsh 1971 3/15 14/16 L — ‘ 0.04[0.01,0.25]
Favours antifibrinolytics ~ 0-002 0.1 1 10 500 Favours placebo
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Analysis 1.2. Comparison 1 Antifibrinolytic agents in people with haemophilia undergoing
dental extractions, Outcome 2 Post-operative replacement treatment administration.

Study or subgroup Antifibri- Placebo 0dds Ratio Weight 0dds Ratio
nolytics
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Forbes 1972 2/16 11/16 —— 54.21% 0.06[0.01,0.4]
Walsh 1971 1/15 9/16 —— 45.79% 0.06[0.01,0.53]
Total (95% Cl) 31 32 i 100% 0.06[0.01,0.25]

Total events: 3 (Antifibrinolytics), 20 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.01, df=1(P=0.92); 1>=0%
Test for overall effect: Z=3.87(P=0)

Favours ntifibrinolytics ~ 0-005 0.1 1 10 200 Favours placebo

Comparison 2. Low-dose vs high-dose rFVIla in people with haemophilia and inhibitors undergoing surgery

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Need for additional/alterna- 1 0Odds Ratio (M-H, Fixed, 95% Cl) Totals not selected
tive therapy
1.1 Minor surgery 1 0Odds Ratio (M-H, Fixed, 95% Cl) 0.0[0.0, 0.0]
1.2 Major surgery 1 0Odds Ratio (M-H, Fixed, 95% Cl) 0.0[0.0, 0.0]

Analysis 2.1. Comparison 2 Low-dose vs high-dose rFVlla in people with haemophilia
and inhibitors undergoing surgery, Outcome 1 Need for additional/alternative therapy.

Study or subgroup 35 pg/kg rFVila 90 pg/kg rFVila 0dds Ratio 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.1.1 Minor surgery
Shapiro 1998 1/10 0/7 S L — 2.37[0.08,66.88]

2.1.2 Major surgery
Shapiro 1998 3/5 1/6 —_ 7.5[0.46,122.7)

Favours 35 pg/kg rFVila  0.001 0.1 1 10 1000 Favours 90 ug/kg rFVila

Comparison 3. Bolus infusion vs continuous infusion of rFVIla in people with haemophilia and inhibitors
undergoing surgery

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Participants with effective 1 Odds Ratio (M-H, Fixed, 95% Cl) Totals not selected
treatment
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.1 Intra-operative 1 Odds Ratio (M-H, Fixed, 95% Cl) 0.0[0.0,0.0]

1.2 Post-operative (hour 0) 1 0dds Ratio (M-H, Fixed, 95% Cl) 0.0[0.0,0.0]

1.3 Post-operative (hour 24) 1 0Odds Ratio (M-H, Fixed, 95% Cl) 0.0[0.0, 0.0]

1.4 Post-operative (day 5) 1 Odds Ratio (M-H, Fixed, 95% Cl) 0.0[0.0,0.0]

1.5 Post-operative (day 10) 1 0Odds Ratio (M-H, Fixed, 95% Cl) 0.0[0.0,0.0]

Analysis 3.1. Comparison 3 Bolus infusion vs continuous infusion of rFVlla in people with
haemophilia and inhibitors undergoing surgery, Outcome 1 Participants with effective treatment.

Study or subgroup Bolus infusion Continuous infusion 0dds Ratio 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

3.1.1 Intra-operative
Pruthi 2007 11/11 12/12 Not estimable

3.1.2 Post-operative (hour 0)
Pruthi 2007 11/11 12/12 Not estimable

3.1.3 Post-operative (hour 24)
Pruthi 2007 11/11 10/12  E E— 5.48[0.23,127.73]

3.1.4 Post-operative (day 5)
Pruthi 2007 10/11 9/12 D B E— 3.33[0.29,38.08]

3.1.5 Post-operative (day 10)
Pruthi 2007 8/11 9/12 T 0.89[0.14,5.72]

‘
Favours bolus inf. 0.005 0.1 1 10 200 Favours continuous inf.

Comparison 4. Low-dose vs high-dose rFVlla in people with haemophilia and inhibitors undergoing minor surgery

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Participants with effective 1 Odds Ratio (M-H, Fixed, 95% Cl) Totals not selected

treatment

1.1 Intra-operative 1 0Odds Ratio (M-H, Fixed, 95% Cl) 0.0[0.0,0.0]

1.2 Post-operative (hour 0) 1 Odds Ratio (M-H, Fixed, 95% Cl) 0.0[0.0,0.0]

1.3 Post-operative (hour 24) 1 0Odds Ratio (M-H, Fixed, 95% Cl) 0.0[0.0,0.0]

1.4 Post-operative (day 5) 1 Odds Ratio (M-H, Fixed, 95% Cl) 0.0[0.0,0.0]
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Analysis 4.1. Comparison 4 Low-dose vs high-dose rFVlla in people with haemophilia and
inhibitors undergoing minor surgery, Outcome 1 Participants with effective treatment.

Study or subgroup 35 pg/kg 90 pg/kg 0dds Ratio 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
4.1.1 Intra-operative
Shapiro 1998 10/10 7/8 R S — 4.2[0.15,117.92]
4.1.2 Post-operative (hour 0)
Shapiro 1998 9/10 8/8 e E— 0.37[0.01,10.43]
4.1.3 Post-operative (hour 24)
Shapiro 1998 10/10 8/8 Not estimable
4.1.4 Post-operative (day 5)
Shapiro 1998 7/10 8/8 e e—— 0.13[0.01,2.86]

Favours 35 pug/kg ~ 0.001 0.1 1 10 1000 Favours 90 pg/kg

Comparison 5. Low-dose vs high-dose rFVIla in people with haemophilia and inhibitors undergoing major surgery

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Participants with effective 1 0Odds Ratio (M-H, Fixed, 95% Cl) Totals not selected
treatment
1.1 Intra-operative 1 Odds Ratio (M-H, Fixed, 95% Cl) 0.0[0.0, 0.0]
1.2 Post-operative (hour 0) 1 0Odds Ratio (M-H, Fixed, 95% Cl) 0.0[0.0,0.0]
1.3 Post-operative (hour 24) 1 0Odds Ratio (M-H, Fixed, 95% Cl) 0.0[0.0,0.0]
1.4 Post-operative (day 5) 1 0Odds Ratio (M-H, Fixed, 95% Cl) 0.0[0.0,0.0]

Analysis 5.1. Comparison 5 Low-dose vs high-dose rFVlla in people with haemophilia and
inhibitors undergoing major surgery, Outcome 1 Participants with effective treatment.

Study or subgroup 35 pg/kg 90 pg/kg 0dds Ratio 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
5.1.1 Intra-operative
Shapiro 1998 5/5 6/6 Not estimable
5.1.2 Post-operative (hour 0)
Shapiro 1998 5/5 6/6 Not estimable
5.1.3 Post-operative (hour 24)
Shapiro 1998 4/5 6/6 e e 0.23[0.01,7.05]
5.1.4 Post-operative (day 5)
Favours 35 ug/kg 0-001 0.1 1 10 1000 Favours 90 ug/kg
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Study or subgroup

90 pg/kg
n/N

M-H, Fixed, 95% Cl

0dds Ratio
M-H, Fixed, 95% CI

Shapiro 1998

5/6

0.13[0.01,2.18]

ADDITIONAL TABLES

Favours 35 pug/kg ~ 0.001

f

1000 Favours 90 pg/kg

Table 1. Treatment options in people with CBD according to the possibility of specifically correcting the

haemostatic deficiency.

Bleeding Disorder

Specific replacement

Other haemostatic treat-
ment

Haemophilia A

FVIII concentrates*

Haemophilia B

FIX concentrates®

Haemophilia with inhibitors

aPCC, rFVlla

Von Willebrand disease

Endogenous: DDAVP; Exogenous: VWF-con-

taining concentrates#

Fibrinogen deficiency

Fibrinogen concentrates?

Cryoprecipitate, FFP

Fll deficiency - PCC, FFP
FV deficiency - FFP
FV+FVIII deficiency - FFP

FVII deficiency FVIl concentrates® FFP, PCC
FX deficiency FX concentrate” PCC

FXI deficiency FXI concentrate”? FFP, DDAVP

FXIII deficiency

FXIll concentrates$

FFP, cryoprecipitate

VKD factor deficiency

FFP, PCC

Platelet function abnormalities

Platelet concentrates

DDAVP, rFVlla

Fibrinolysis abnormalities

FFP, antifibrinolytics

aPCC: activated prothrombin complex concentrate

DDAVP: desmopressin
FFP: fresh frozen plasma

PCC: prothrombin complex concentrates
rFVlla: activated recombinant factor VIl

VKD: vitamin K-dependent
VWEF: von Willebrand factor

*Various intermediate- and high-purity plasma-derived concentrates and recombinant products available
°Various high-purity plasma-derived concentrates and a single recombinant product currently available
APlasma-derived concentrate, not licensed in all countries
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#A series of plasma-derived intermediate- and high-purity FVIII concentrates, with different VWF/FVIII ratio, and a single concentrate of

virtually VWF alone available
§ One plasma-derived concentrate and a recently developed recombinant FXIII (A subunit) product, not available in all countries
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Table 2. Clinical settings and treatment comparisons in excluded studies*

[Study ID] [Bleeding Disor- [Setting] [Treatment comparisons]
ders]
Tavenner 1972 Haemophilia A and Dental surgery Participants treated with blood/plasma only vs epsilon

B

aminocaproic acid with plasma as required vs tranexamic acid
with blood/cryoprecipitate as required.

Ramstrom 1975

Haemophilia A and
B and von Wille-
brand disease

Dental surgery

Participants treated with replacement treatment (pre-opera-
tive target level 30% - 50%) vs replacement treatment (pre-op-
erative target level 30% - 50%) supported by tranexamic acid
and antibiotics vs replacement treatment (pre-operative target
level 5% - 10%) supported by tranexamic acid, antibiotics and
local measures (local haemostatics and acrylic splints).

Stajcic 1985

Haemophilia A

Dental surgery

Participants treated with replacement treatment receiving ep-
silon aminocaproic acid systemically (V) or locally (wound irri-
gation and soaked gauze) or both systemically and locally.

Sindet-Pedersen
1986

Haemophilia A and
B and von Wille-
brand disease

Dental surgery

Participants treated with replacement treatment (pre-opera-
tive levels "60%) and systemic (IV) tranexamic acid vs replace-
ment treatment and epsilon aminocaproic acid given system-
ically and as mouthwashes vs the same latter treatment with
lower FVIII dose (pre-operative levels “15%).

Stajcic 1989

Haemophilia A

Dental surgery

Observational study of participants receiving a single FVIlI
infusion and systemic and local (soaked gauze) epsilon
aminocaproic undergoing suture of the extraction wound or
not.

Rakocz 1993

Haemophilia A and
B, von Willebrand
disease, FVIl and FXI
deficiency, Glanz-
mann's thrombas-
thenia

Dental surgery

Participants treated with fibrin glue alone or with the latter and
tranexamic acid mouth washes.

Waly 1995

Haemophilia A

Dental surgery

Participants treated with replacement treatment and systemic
IV tranexamic acid, receiving or not local tranexamic acid (irri-
gation of operative field and mouth washes).

Avanoglu 1999

Haemophilia A and
B

Circumcision

Participants treated with fibrin glue, oral tranexamic acid and
replacement treatment after first bolus infusion (target level >
50%) as bolus administrations for 4 days or continuous infusion
(4 1U/kg per hour) for 2 days.

Batorova 2000

Haemophilia A

General and or-
thopaedic surgery

Participants receiving replacement treatment after first bolus
infusion as bolus administrations or continuous infusion ac-
cording to preoperative PK study, in both cases aimed to main-
tain trough FVIII levels > 50%.

Jiménez-Yuste 2002

von Willebrand dis-
ease

Otolaryngologic
surgery

Participants receiving desmopressin and tranexamic acid or
FVIIl concentrate.
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*All studies but one (Lee 2005) are not randomised or quasi-randomised trials, but retrospective or prospective observational studies.

FVIII: factor VIII

IV: intravenous

PK: pharmacokinetic
VS: versus

Table 3. Additional data on efficacy and safety outcomes in studies with antifibrinolytic agents in people with
haemophilia undergoing dental extractions (Walsh 1971; Forbes 1972)

Outcome Walsh 1971 Forbes 1972
EACA Placebo Tranexamic Placebo
acid
n=15 n=16 n=16
n=16
Blood loss per participant, mean (range), ml n.e. n.e. 61.2 (1-749) 84.1(4-323)
Reduction in Hb levels 3.9/3.7%* 6.3/6.3 %* 0.37 1.47
Post-operative replacement treatment 1(6.7) 9(56.3) 2(12.5) 11 (68.8)

administration, number of participants (%)

Serious side effects, number of participants (%) 1(6.7) 0(0) 0(0) 0(0)

Any side effect, number of participants (%) 12 (80) 8 (50) 0(0) 0(0)

*percentage reduction from the baseline, values reported at the 2 participating centres; Areduction in g/100 ml
n: number
n.e.: not evaluated

Table 4. Low-dose vs high-dose rFVlla in people with haemophilia and inhibitors undergoing surgery - Treatment
efficacy time assessments (Shapiro 1998)

Time of assess- Number (%)* of participants with satisfactory haemostasis

ment

Minor surgery Major surgery P for differ-

ence’

35 pug/kg rFVila 90 pg/kg rFVila 35 ug/kgrFVlla 90 pg/kg rFVila

n=10 n=8 n=5 n=6
Intra-operative 10 (100) 7(88) 5(100) 6 (100) NS
Hour 0 9 (90) 8 (100) 5(100) 6 (100) NS
Hour 8 9 (90) 8 (100) 4(80) 6 (100) NS
Hour 24 10 (100) 8(100) 4 (80) 6 (100) NS
Hour 48 9(90) 8 (100) 3(60) 6 (100) NS
Day 3 8(80) 8(100) 2 (40) 6 (100) 0.014
Day 4 7(70) 8 (100) 2 (40) 6 (100) 0.008
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Table 4. Low-dose vs high-dose rFVlla in people with haemophilia and inhibitors undergoing surgery - Treatment
efficacy time assessments (Shapiro 1998) (continued)

Day 5 7(70) 8 (100) 2 (40) 5(83) 0.030

*rated by the investigators; Acalculated across both surgery categories.
NS: not significant
rFVlla: recombinant activated factor VI

Table 5. Low-dose vs high-dose rFVlla in in people with haemophilia and inhibitors undergoing surgery - Total dose
and duration of treatment (Shapiro 1998)

Minor surgery Major surgery
35 pug/kg rFVila 90 pug/kg rFVlla 35 pug/kg rFVila 90 pug/kg rFVila
n=10 n=T7* n=5 n=6
Median duration of dosing, days 4.0 (3-6) 6.0 (3-6) 15.0 (2-26) 9.5 (8-17)
(range)
Median number of injections (range) 29.5 (24-44) 38.0 (26-67) 135.0 (11-186) 81.0 (71-128)
Median total dose of rFVlla, mg 455 (14-171) 67.0(31-122) 656 (31 - 839) 569 (107 - 698)
(range)

*excluding one outlier participant who required 13 days' dosing and a total dose of rFVIla of 706 mg. If this patient was included, median
duration of dosing was unchanged (6.0), but median rFVlla total dose increased to 80 mg.
rFVlla: recombinant activated factor Vil

Table 6. Bolus infusion vs continuous infusion of rFVlla in people with haemophilia and inhibitors undergoing
surgery - Treatment efficacy time assessments (Pruthi 2007)

Number of participants with effective treatment (%)*

Time of assessment Bolus infusion Continuous infusion
n=11 n=12

Intra-operative 11 (100) 12 (100)

Hour 0 11 (100) 12 (100)

Hour 8 11 (100) 11(92)

Hour 24 11 (100) 10 (83)

Hour 48 9(82) 11(92)

Hour 72 8 (73) 10 (83)

Day 4 10 (91) 9 (75)

Day 5 10 (91) 9 (75)

Day 6 10 (91) 9(75)
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Table 6. Bolus infusion vs continuous infusion of rFVlla in people with haemophilia and inhibitors undergoing
surgery - Treatment efficacy time assessments (Pruthi 2007) (continued)

Day 7 9(82) 9 (75)
Day 8 9(82) 9(75)
Day 9 8(73) 9(75)
Day 10 8 (73) 9(75)

*rated by the investigators.

Table 7. Bolus infusion vs continuous infusion of rFVIla in people with haemophilia and inhibitors undergoing
surgery - Total dose, duration of treatment, need for additional/alternative therapy and safety (Pruthi 2007)

Outcome measure Bolus infusion Continuous infusion
n=11 n=12

Median duration of therapy, days 10 9

Treatment for > 10 days, number of participants 5 6

Mean total dose of rFVlla, mg 237.5 292.2

Total number of additional bolus* 9 8

Need for alternative haemostatic therapy 3 3

Serious adverse events?, number of participants 8 7

*greater than the 2 allowed by the protocol in any 24-hour period; *as assessed by the investigators, including therapeutic failures.
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