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A B S T R A C T

Background

Fresh frozen plasma (FFP) is a blood component containing procoagulant factors, which is sometimes used in cardiovascular surgery with
the aim of reducing the risk of bleeding. The purpose of this review is to assess the risk of mortality for patients undergoing cardiovascular
surgery who receive FFP.

Objectives

To evaluate the risk to benefit ratio of FFP transfusion in cardiovascular surgery for the treatment of bleeding patients or for prophylaxis
against bleeding.

Search methods

We searched 11 bibliographic databases and four ongoing trials databases including the Cochrane Central Register of Controlled Trials
(CENTRAL, Issue 3, 2015), MEDLINE (OvidSP, 1946 to 21 April 2015), EMBASE (OvidSP, 1974 to 21 April 2015), PubMed (e-publications only:
searched 21 April 2015), ClinicalTrials.gov, World Health Organization (WHO) ICTRP and the ISRCTN Register (searched 21 April 2015). We
also searched the references of all identified trials and relevant review articles. We did not limit the searches by language or publication
status.

Selection criteria

We included randomised controlled trials in patients undergoing major cardiac or vascular surgery who were allocated to a FFP group
or a comparator (no plasma or an active comparator, either clinical plasma (any type) or a plasma-derived blood product). We included
participants of any age (neonates, children and adults). We excluded studies of plasmapheresis and plasma exchange.

Data collection and analysis

Two authors screened all electronically derived citations and abstracts of papers identified by the review search strategy. Two authors
assessed risk of bias in the included studies and extracted data independently. We took care to note whether FFP was used therapeutically
or prophylactically within each trial.
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Main results

We included 15 trials, with a total of 755 participants for analysis in the review. Fourteen trials compared prophylactic use of FFP against
no FFP. One study compared therapeutic use of two types of plasma. The timing of intervention varied, including FFP transfusion at the
time of heparin neutralisation and stopping cardiopulmonary bypass (CPB) (seven trials), with CPB priming (four trials), aLer anaesthesia
induction (one trial) and postoperatively (two trials). Twelve trials excluded patients having emergency surgery and nine excluded patients
with coagulopathies.

Overall the trials were small, with only four reporting an a priori sample size calculation. No trial was powered to determine changes in
mortality as a primary outcome. There was either high risk of bias, or unclear risk, in the majority of trials included in this review.

There was no diMerence in the number of deaths between the intervention arms in the six trials (with 287 patients) reporting mortality
(very low quality evidence). There was also no diMerence in blood loss in the first 24 hours for neonatal/paediatric patients (four trials with
138 patients; low quality evidence): mean diMerence (MD) -1.46 ml/kg (95% confidence interval (CI) -4.7 to 1.78 ml/kg); or adult patients
(one trial with 120 patients): MD -12.00 ml (95% CI -101.16 to 77.16 ml).

Transfusion with FFP was inferior to control for preventing patients receiving any red cell transfusion: Peto odds ratio (OR) 2.57 (95% CI 1.30
to 5.08; moderate quality evidence). There was a diMerence in prothrombin time within two hours of FFP transfusion in eight trials (with 210
patients; moderate quality evidence) favouring the FFP arm: MD -0.71 seconds (95% CI -1.28 to -0.13 seconds). There was no diMerence in
the risk of returning to theatre for reoperation (eight trials with 398 patients; moderate quality evidence): Peto OR 0.81 (95% CI 0.26 to 2.57).
Only one included study reported adverse events as an outcome and reported no significant adverse events following FFP transfusion.

Authors' conclusions

This review has found no evidence to support the prophylactic administration of FFP to patients without coagulopathy undergoing elective
cardiac surgery. There was insuMicient evidence about treatment of patients with coagulopathies or those who are undergoing emergency
surgery. There were no reported adverse events attributable to FFP transfusion, although there was a significant increase in the number
of patients requiring red cell transfusion who were randomised to FFP. Variability in outcome reporting between trials precluded meta-
analysis for many outcomes across all trials, and there was evidence of a high risk of bias in most of the studies. Further adequately powered
studies of FFP, or comparable pro-haemostatic agents, are required to assess whether larger reductions in prothrombin time translate into
clinical benefits. Overall the evidence from randomised controlled trials for the safety and eMicacy of prophylactic transfusion of FFP for
cardiac surgery is insuMicient.

P L A I N   L A N G U A G E   S U M M A R Y

Fresh frozen plasma for patients undergoing surgery on the heart or blood vessels

Fresh frozen plasma is obtained from whole blood from blood donors. It contains a number of factors that help blood to clot. The risk of
bleeding in open heart surgery or surgery on the main blood vessels in the body is high. Fresh frozen plasma is sometimes administered
to these patients to reduce bleeding. It can be administered prophylactically (to prevent bleeding) or therapeutically (to treat bleeding).
However, there are risks of side eMects from fresh frozen plasma, such as severe allergic reactions or breathing problems.

We searched scientific sources to identify eligible trials and found 15 studies with 755 patients. The evidence is up to date to April 2015.
Fourteen studies compared prophylactic FFP against no FFP and one study compared two types of FFP, both used therapeutically. No
studies reported on all outcomes. There was either high risk of bias, or unclear risk, in the majority of trials included in this review.

Our primary outcome was death within 30 days aLer surgery. Six trials (with 287 patients) looked at this outcome and found no clear
diMerence in mortality between the treatment arms but the quality of the evidence was very low. There was also no diMerence in the
amount of blood lost in the first 24 hours following surgery (measured in five trials; low quality evidence), or the risk of returning to theatre
for a reoperation (measured in eight trials; moderate quality evidence). Patients who had FFP received significantly more red blood cells,
suggesting that FFP may not be eMective in this setting (moderate quality evidence). Measurement of a blood test used to assess blood
clotting (prothrombin time) was reported in eight trials and showed that clotting was improved by the use of prophylactic FFP (moderate
quality evidence). However, the diMerence was too small to make a diMerence in clinical practice. Only one included study reported adverse
events as an outcome and reported no adverse events due to FFP transfusion.

The review found no evidence for the eMicacy of FFP for the prevention of bleeding in heart surgery and it found some evidence of an
increased overall need for red cell transfusion in those treated with FFP. There were no reported adverse events due to FFP transfusion.
Overall the evidence for the safety and eMicacy of prophylactic FFP for cardiac surgery is insuMicient. The trials focused on prevention of
bleeding and did not address prevention of bleeding for patients with abnormal blood clotting or for the treatment of bleeding patients.
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Summary of findings 1.   Fresh frozen plasma compared to no plasma for cardiovascular surgery

Fresh frozen plasma compared to no plasma for cardiovascular surgery

Patient or population: Neonates, children and adults undergoing cardiovascular surgery
Settings: Inpatients
Intervention: Fresh frozen plasma
Comparison: No plasma

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

No plasma Fresh frozen plasma

Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Short-term mortality
(up to 30 days)

See comments - 287
(6 RCTs)

⊕⊝⊝⊝

very low 1,2

2 deaths in total, one
each among patients
treated with FFP and
control

Blood loss in first 24
hours (neonates and
paediatric cases)

The mean blood loss
in the first 24 hours
(neonates and paedi-
atric cases) was 26.7 ml/
kg

The mean blood loss in the first 24
hours (neonates and paediatric
cases) in the intervention group
was 1.46 ml/kg lower (4.7 lower to
1.78 more)

- 138
(4 RCTs)

⊕⊕⊝⊝

low 3
Pooled analysis of
neonates and paedi-
atric cases only. Single
adult study: mean dif-
ference -12.00 ml (95%
CI -101.16 to 77.16 ml,
120 patients)

Red cell transfusion
requirement in first
24 hours (neonates
and paediatric cases)

The mean red cell trans-
fusion requirement
in the first 24 hours
(neonates and paedi-
atric cases) was 7.9 ml/
kg

The mean red cell transfusion re-
quirement in the first 24 hours
(neonates and paediatric cases) in
the intervention group was 0.4 ml/
kg more (2.99 less to 3.79 more)

- 110
(3 RCTs)

⊕⊕⊝⊝

low 3
Pooled analysis of
neonates and paedi-
atric cases only. Sin-
gle adult study: mean
difference 150.00 ml
(95% CI -128.63 to
428.63 ml, 32 patients)

Study population

236 per 1000 443 per 1000
(287 to 611)

Number of patients
receiving a red cell
transfusion

Moderate

OR 2.57
(1.30 to 5.08)

222
(4 RCTs)

⊕⊕⊕⊝

moderate 3,4
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558 per 1000 765 per 1000
(622 to 865)

Measurement of pro-
thrombin time within
2 hours of infusion

The mean measurement
of prothrombin time
within 2 hours of infu-
sion was 14.38 seconds

The mean measurement of pro-
thrombin time within 2 hours of
infusion in the intervention group
was 0.71 seconds less (1.28 less to
0.13 less)

- 210
(5 RCTs)

⊕⊕⊕⊝

moderate 1
-

Study population

34 per 1000 28 per 1000
(9 to 83)

Moderate

Resource use: need
for return to theatre

65 per 1000 53 per 1000
(18 to 152)

OR 0.81
(0.26 to 2.57)

398
(7 RCTs)

⊕⊕⊕⊝

moderate 1
-

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; FFP: fresh frozen plasma; OR: odds ratio; RCT: randomised controlled trial

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Serious risk of bias due to inadequate or unclear sequence generation.
2Very serious risk of imprecision due to low number of mortality events.
3Very serious risk of bias due to inadequate or unclear sequence generation and inadequate blinding of participants, clinicians and/or analysts.
4Large treatment eMect (odds ratio greater than 2).
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B A C K G R O U N D

Description of the condition

Cardiovascular surgery includes many types of major surgery on
the heart and major blood vessels, including procedures such as:
heart valve replacements, coronary artery bypass graLs, aortic
aneurysm repairs and corrections or congenital abnormalities of
the heart. Cardiovascular surgery is associated with a significant
risk of bleeding, with 8% of patients losing more than 2 ml/kg/hour
of blood postoperatively (Vuylsteke 2011). A number of features
make patients undergoing cardiovascular surgery more likely to
bleed (Bevan 1999; Hartmann 2006):

1. These patients may be taking drugs that predispose towards
bleeding, such as aspirin or clopidogrel.

2. Patients undergoing major heart surgery will oLen require
a cardiopulmonary bypass (CPB), where a circuit is formed
by removing the heart from the circulation by passing a
catheter into the aorta and the pulmonary artery while a CPB
machine circulates blood round the body and ensures that
it is adequately oxygenated. Heparin is used to prevent the
CPB circuit from clotting. Heparin is an anticoagulant and can
predispose patients to bleeding. When CPB is complete, heparin
is neutralised with protamine.

3. Hypothermia and acidosis during the procedure may also
contribute towards excess bleeding.

4. Dilution of clotting factors with administration of intravenous
fluid; this is a particular problem in the paediatric setting.

5. When acute bleeding develops, clotting factors are consumed,
resulting in a coagulopathy and predisposing the patient
towards further bleeding.

In some cases these patients will have a clearly defined bleeding
risk. They may already be haemorrhaging and, if this is the case,
treatments to reduce bleeding would be considered therapeutic.
Alternatively they may have abnormal blood results, such as a
prolonged prothrombin time, suggesting that clotting factors may
be deficient. Lastly, in some cases it may be presumed that a
coagulopathy may develop and that prophylactic treatment before
this event would reduce the risk of bleeding.

Treatment strategies to reduce bleeding include optimising surgical
technique to minimise blood loss; antifibrinolytic agents such as
tranexamic acid; careful monitoring and neutralisation of heparin;
optimising the management of anticoagulant and antiplatelet
drugs; and blood components such as fresh frozen plasma (FFP)
(Davidson 2014).

Description of the intervention

FFP is human plasma that has been obtained from human
donation. It contains a large number of proteins including
procoagulant factors such as fibrinogen and factors II, V, VII, VIII,
IX, X and XI. It also contains anticoagulants such as protein C,
protein S and antithrombin, along with a large number of proteins
such as immunoglobulins, albumin and acute phase proteins. In
clinical practice it is oLen used to treat a presumed coagulopathy
in a bleeding patient in order to arrest bleeding, or it is used
prophylactically to prevent bleeding (Desborough 2012). The risk to
benefit ratio for FFP transfusion may be significantly diMerent when
comparing FFP for bleeding patients to FFP used prophylactically.

There are several preparations of FFP. In order to reduce
transmission of infectious agents (pathogen inactivation), FFP can
be treated with a number of agents including methylene blue;
psoralens and ultraviolet light; or solvent and detergent. These
preparations are very similar but some procoagulant proteins may
be lost during the manufacturing process for pathogen-inactivated
FFP (Pamphilon 2000).

FFP is used in a wide range of clinical and surgical specialties
in hospital practice. Its use has also grown steadily over the last
two decades in many countries (Wallis 2004). There is evidence of
variation in usage both within and between countries (Palo 2006).
In a comparison of FFP use in five countries, the ratio of FFP units
to red blood cell units transfused varied from 1:3.6 in the United
States to 1:8.5 in France. The reasons for, and implications of, this
variation are not well understood, especially since the case mix
may be quite diMerent between countries and institutions, and the
available consensus guidelines in this area are frequently based on
quite limited evidence.

Guidelines exist for clinical plasma use in many countries
but crucial to any recommendations is the need for a clear
understanding of the risk of harm (BCSH Guidelines 2004; CMA
Guidelines 1997; Lundberg 1994; RoseM 2002; SHOT 2014). Clinical
plasma is not without risk and indeed may be amongst the
highest risk of all blood components (Khan 2007; MacLennan 2006).
Transfusion-related acute lung injury (TRALI) is a potentially life-
threatening non-cardiogenic pulmonary oedema associated with
plasma-containing components. Ongoing issues of reporting and
diagnosis of this condition make accurate estimation of prevalence
diMicult (Andrzejewski 2005; Vlaar 2013), but many countries have
introduced major measures to try to reduce this risk. Other
risks include transfusion-transmitted infections and transfusion-
associated circulatory overload, which may be a particular issue
with larger doses of clinical plasma transfused (for example, in
an attempt to completely normalise abnormal coagulation test
results) (Narick 2012; Skeate 2007). Allergic reactions to plasma are
relatively common, with a frequency of around 1% to 3% of all
transfusions, and while most are not serious they can involve life-
threatening anaphylaxis.

How the intervention might work

FFP is a source of procoagulant factors, including fibrinogen,
and is used for either the treatment or prophylaxis of bleeding
(Desborough 2012). Many audits indicate that patients undergoing
major cardiac and vascular surgery receive a significant proportion
of all clinical plasma transfusions. Some studies have reported wide
variation in the use of clinical plasma for cardiac surgery and in
critical care among centres within the same country (Stanworth
2011).

Why it is important to do this review

In a search for an earlier systematic review on the use of FFP, the
largest numbers of trials were in cardiac surgery (Yang 2012). This
previous review was based on a search strategy undertaken over
three years ago. As cardiac surgery is amongst the largest users of
FFP, it is important to assess the evidence base for its eMicacy.
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O B J E C T I V E S

To evaluate the risk to benefit ratio of FFP transfusion in
cardiovascular surgery for the treatment of bleeding patients or for
prophylaxis against bleeding.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs), published or unpublished.

Types of participants

Adult or paediatric patients undergoing major cardiac or vascular
surgery.

Types of interventions

Clinical plasma for transfusion, in various formulations (FFP, FP24,
solvent/detergent, etc.) and in various doses, is given primarily for
two indications: to prevent bleeding (prophylaxis) or stop bleeding
(therapeutic). We included both prophylactic and therapeutic
studies. We paid careful attention to the timing of the intervention,
for example, whether the plasma infusion occurred pre-, during or
post-cardiac bypass.

We also considered trials by reference to the comparator group:

1. Studies of interventions comparing any clinical plasma
transfusion with no plasma; where 'no plasma' includes no
intervention (placebo); surgical intervention only to correct
bleeding; or use of an alternative product (e.g. solutions of
colloids and/or crystalloids, recombinant factor VIIa).

2. Studies of interventions comparing clinical plasma (any type)
or plasma-derived blood product (for example, prothrombin
complex concentrate), including studies comparing diMerent
doses and formulations of plasma (e.g. FFP, FP24, solvent-
detergent and methylene-blue treated) (Pamphilon 2000;
Pelletier 2006), and liquid thawed plasma (stored for up to five
days).

We recorded co-interventions such as the use of transfusion
algorithms or the use of other transfusion modalities (for example,
intraoperative or postoperative cell salvage procedures).

Plasmapheresis and plasma exchange are specialised techniques in
which patient plasma is removed and fractionated in an apheresis
machine, and replaced by other solutions. These replacement
solutions may include (allogeneic) FFP (or another agent such as
human albumin solution), and are then re-infused into the patient.
The principle aim of this therapy is the removal of a component
in blood from the patient, rather than the transfusion of FFP as a
source of supplementary pro-coagulant factor. Consequently, we
excluded studies of plasmapheresis and plasma exchange from this
review.

Types of outcome measures

Primary outcomes

• Short-term mortality rate (30 days or in hospital).

Secondary outcomes

• Major complications: serious organ damage (respiratory failure,
myocardial infarction, stroke, renal failure) or haemorrhage
(presence or absence of major/unexpected bleeding and, if
present, volume of blood loss, when stated).

• Transfusion requirements (for example, red cells, platelets,
plasma, cryoprecipitate) or prohaemostatic agents such as
tranexamic acid or recombinant factor VIIa.

• Measurement of coagulation factors or tests (by prothrombin
time, activated partial thromboplastin time or equivalent).

• Adverse events (transfusion reactions).

• Resource use: for example, length of hospital stay, time in
operating theatre or intensive care unit, need for return to
theatre/reoperation for management of bleeding.

Search methods for identification of studies

Electronic searches

The Systematic Review Initiative's Information Specialist (CD)
formulated the search strategies in collaboration with the Cochrane
Heart Group. We searched the following databases:

Bibliographic databases

• Cochrane Central Register of Controlled Trials (CENTRAL, Issue
3, 2015).

• MEDLINE (OvidSP, 1946 to 21 April 2015).

• EMBASE (OvidSP, 1974 to 21 April 2015).

• PubMed (e-publications only: searched 21 April 2015).

• Transfusion Evidence Library
(www.transfusionevidencelibrary.com) (1950 to 21 April 2015).

The databases below were last searched on 26 February 2014:

• CINAHL (NHS Evidence) (1982 to 26 February 2014).

• LILACS (1982 to 26 February 2014).

• IndMed (1985 to 26 February 2014).

• KoreaMed (1997 to 26 February 2014).

• PakMediNet (1995 to 26 February 2014).

• Web of Science: Conference Proceedings Citation Index-Science
(CPCI-S) (Thomson Reuters, 1990 to 26 February 2014).

Online databases of ongoing trials

• ClinicalTrials.gov (clinicaltrials.gov) (searched 21 April 2015).

• ISRCTN Register (www.controlled-trials.com/isrctn/) (searched
21 April 2015).

• World Health Organization (WHO) International Clinical Trials
Registry Search Platform (ICTRP) (apps.who.int/trialsearch/
AdvSearch.aspx) (searched 21 April 2015).

• EU Clinical Trials Register (EUDRACT) (searched 21 April 2015).

All search strategies used are listed in Appendix 1. We combined
searches in MEDLINE with the Cochrane highly sensitive RCT
search filter as detailed in Chapter 6 of the Cochrane Handbook
for Systematic Reviews of Interventions (Lefebvre 2011). We
combined searches in EMBASE and CINAHL with adaptations of
the relevant Scottish Intercollegiate Guidelines Network (SIGN) RCT
filters (www.sign.ac.uk/methodology/filters.html). We applied no
restrictions on language or publication status.
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Searching other resources

We checked the references of all identified trials, relevant review
articles and current treatment guidelines for further literature.
These searches were limited to the 'first generation' reference lists.

Data collection and analysis

Selection of studies

Two authors (MD and RS) screened all titles and abstracts of papers
identified for relevance to the review question. We only excluded
studies that were clearly irrelevant at that stage. We assessed
all other studies on the basis of their full text for inclusion or
exclusion using the criteria indicated above. At this stage, two
authors (MD and RS) independently assessed eligibility. We did not
formally assess inter-rater reliability. We resolved disagreements by
consensus in discussion with a third author (SS). We recorded the
numbers of studies assessed, included and excluded. We carefully
assessed and clearly indicated any duplicate reporting of studies.

Data extraction and management

Aside from details relating to risk of bias in included studies (see
below), we extracted the following two groups of data:

1. Study characteristics: place of publication, date of publication,
population characteristics, setting, detailed nature of
intervention, detailed nature of comparator and detailed nature
of outcomes. A key purpose of these data was to highlight
clinical heterogeneity in included studies independently from
an analysis of results. Use of blood components should
automatically be considered a 'complex intervention', so
considerable care was required in identifying and recording all
important aspects of both the intervention and comparator(s).

2. Results of included studies in respect of each of the main
outcomes indicated in the review question. We carefully
recorded the reasons why an included study did not contribute
data on a particular outcome and considered the possibility of
selective reporting of results on particular outcomes.

Two authors performed data extraction independently (MD and
RS). We extracted data onto study specific data extraction forms. We
resolved disagreements by consensus between the authors, but we
did not formally assess inter-rater reliability. Once disagreements
were resolved, we recorded the consensus data extracted onto
a third data extraction form (SB). One author (MD) transcribed
this into the systematic review computer soLware RevMan 5.3
(RevMan 2014). Another author (SB) assessed all data entry for
discrepancies.

Assessment of risk of bias in included studies

Two authors (MD and RS) assessed all included studies for possible
risk of bias, using the 'Risk of bias' tool, as described in Chapter 8
of the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011a). We resolved disagreements by consensus between
the review authors, but we did not formally assess inter-rater
reliability. The assessment included information about the design,
conduct and analysis of the trial. We evaluated the following criteria
using a three-point scale (low, high or unclear risk of bias).

• Generation of random sequence.

• Concealment of treatment allocation schedule.

• Blinding of clinician (person delivering treatment) to treatment
allocation.

• Blinding of participant to treatment allocation.

• Blinding of outcome assessor to treatment allocation.

• The proportion of randomised participants included in the main
analysis, noting particularly where more than 20% are 'lost'. We
also took account of diMering levels of loss to follow-up aMecting
the validity of the results for diMerent outcomes to diMerent
degrees.

• Equal use of co-interventions in each study arm.

• Balance of baseline prognostic factors.

We recorded in full any problems in respect of the methodological
criteria. A narrative summary is presented in a tabular form (and
discussed in the text where relevant) within the review. For each
included trial we evaluated and graded, as present, absent or
unclear, information about the method of allocation, blinding of
outcome evaluators and whether all the randomised patients were
accounted for in the analysis (intention-to-treat). We used these
criteria to assess quality to draw an overall assessment of validity
for each trial using three categories: low, unclear or high risk of
bias and we presented this in a 'Risk of bias' table as appropriate.
We used quality assessment to explore diMerences in the results of
studies as part of any investigations of heterogeneity (see below)
or in sensitivity analyses to explore the robustness of summary
estimates. We did not use quality assessment as the basis for late
exclusion of studies from the review.

In the case of generation of the allocation sequence, examples of
randomisation methods falling into each category were as follows.

• Low risk: adequate generation of allocation sequence: random
numbers generated by computer, table of random numbers,
drawing of lots or envelopes, tossing a coin, shuMling cards,
throwing dice.

• High risk: inadequate generation of allocation sequence: case
record number, date of birth, day, month or year of admission
(Juni 2001).

• Unclear risk: generation of allocation sequence unclear as
reported.

In the case of allocation concealment, examples of randomisation
methods falling into each category were as follows.

• Low risk: adequate concealment of allocation:
◦ centralised randomisation (allocation by central oMice

unaware of participant characteristics) or pharmacy-
controlled randomisation;

◦ pre-numbered or coded identical containers, which are
administered serially to patients;

◦ on-site computer system combined with allocations kept in
a locked unreadable computer that can be accessed only
aLer the characteristics of an enrolled participant have been
entered;

◦ sequentially numbered, sealed, opaque envelopes.
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• High risk:
◦ any procedure that was entirely transparent before

allocation;

◦ use of case record numbers;

◦ use of dates of birth;

◦ use of days of the week.

• Unclear risk:
◦ unclear concealment of allocation;

◦ no reporting of approach to concealment;

◦ merely stating that a list or table was used;

◦ only specifying that sealed envelopes were used.

◦ inadequate concealment of allocation.

'Summary of findings' tables

We interpreted the findings with the GRADE approach (Langendam
2013) and we used GRADE profiler (GRADEpro 2014) to import
data from Review Manager 5.3 (RevMan 2014) to create 'Summary
of findings' tables. When assessing the quality of evidence, we
downgraded outcomes by one level for serious, or two levels for
very serious, limitations. The tables can be used to compare the
magnitude of the eMect of the FFP transfusion on each outcome
examined. We included the following outcomes in the 'Summary of
findings' table:

• Short-term mortality (up to 30 days).

• Blood loss in the first 24 hours (neonates and paediatric cases).

• Red cell transfusion requirements in the first 24 hours (neonates
and paediatric cases).

• Number of patients receiving a red cell transfusion.

• Measurement of prothrombin time within two hours of infusion.

• Resource use: need for return to theatre.

Measures of treatment e;ect

For dichotomous outcomes, we recorded the numbers of outcomes
in the treatment and control groups and due to the small number
of reported events we used the Peto odds ratio (Peto OR), with
a 95% confidence interval (CI) to report the treatment eMect
measures across individual studies. For continuous outcomes, we
recorded the mean and standard deviations (SD). For continuous
outcomes measured using the same scale, the eMect measure was
the mean diMerence (MD) with 95% CIs and, if data necessitated, the
standardised mean diMerence (SMD) for outcomes measured using
diMerent scales.

One trial reported some outcome data (prothrombin time and
activated partial thromboplastin time) as a mean with standard
error of the mean (Consten 1996). We have converted the standard
error of the mean data to standard deviations using the formula
presented in Chapter 7 of the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011b).

As was expected, a number of trials reported the measurement of
coagulation factors at multiple time points. We extracted all data,
but we made an a priori decision to include in the analyses only
those time points that were reported by the majority of studies
reporting data for each outcome. The time point used per outcome
is reported for each outcome in the EMects of interventions section.

We included two trials with three arms in this review (Kyoung 2004;
Tølløfsrud 2003). Kyoung 2004 was a three-arm trial comparing

FFP to two diMerent concentrations of hydroxyethyl starch (130/0.4
and 200/0.5). In this review, we only used data from the FFP and
hydroxyethyl starch 130/0.4 arms because using all three arms
could have led to double-counting of data in the FFP arm or
underestimated any FFP outcome data. When choosing which of
the two comparator arms to use, we chose hydroxyethyl starch
130/0.4 as it is most similar to the comparator arms of the other
trials included in this review.

Tølløfsrud 2003 randomised patients to one of two types of FFP
(Octaplas and Uniplas). However, data were not reported for a
combined Uniplas group because the Uniplas group was split aLer
randomisation into patients with blood group A, B or AB; and
into those with blood group O. The results for these groups were
reported separately. Consequently, the data from this trial are not
included in the meta-analysis and are instead reported qualitatively
in the EMects of interventions section.

Unit of analysis issues

We included one cross-over trial, Martinowitz 1990, and no cluster-
randomised trials in this review. As it was unclear when cross-over
had taken place (before or aLer the eMect measurements), we were
unable to use any outcome data from this trial in the review. There
were no other unit of analysis issues.

Dealing with missing data

We excluded no trials on the basis of missing data. Where possible
we sought missing data from the authors of individual trials. There
were some additional data that we would have like to obtain
but these were for trials published before 1990, and given the
unavailability of any current contact details for any of the listed
authors, we were unable to obtain these missing data.

Assessment of heterogeneity

We assessed the presence of statistical heterogeneity through a

combination of visual inspection of the forest plots and the I2

statistic, with a value of > 50% being considered considerable

heterogeneity. If there was substantial heterogeneity (I2 >
80%) we did not report the pooled results. We investigated
statistical heterogeneity in relation to aspects of the study
population, intervention, outcome measurement and study
quality, particularly allocation concealment.

Assessment of reporting biases

We made every eMort to identify unpublished studies and although
we included 15 trials in this review, as there were no meta-analyses
with more than 10 trials we did not perform an assessment of
reporting biases.

Data synthesis

We undertook meta-analysis using Review Manager 5.3 for analysis
(RevMan 2014), where there was homogeneity in the intervention,
participants and means by which the outcome was measured.
We used and reported a random-eMects model as most blood
components are not totally standardised interventions and it would
therefore be a false assumption to claim that they were by using
the fixed-eMect ml. Where the event numbers are small the Peto
odds ratio method is used, and hence for these analyses (as per the
methods' pre-requisite) we have reported the Peto odds ratio with
a fixed-eMect model.
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As well as quantitative synthesis, the overall interpretation
incorporated insights from qualitative summary. Conclusions were
based on patterns of results identified across tabulated results of
included studies as well as summary measures. We considered both
the direction and magnitude of any eMect.

Subgroup analysis and investigation of heterogeneity

We primarily investigated statistical heterogeneity through
subgrouping. Aspects of the study population (neonates and
children as compared to adults) and the nature of the comparator
arm were the primary considerations and we investigated and
reported these where undertaken in the text.

Sensitivity analysis

We did not perform sensitivity analysis, as few trials reporting our
primary outcome of mortality were identified (n = 5) and there was
little heterogeneity between them.

R E S U L T S

Description of studies

Results of the search

The database searches identified 2150 references (2079 published
articles and 71 ongoing studies). ALer an initial screening of these
references, we excluded 460 as duplicates. Two authors (MD, RS)
screened the remaining 1690 references according to the criteria
defined above, and we excluded 1652 references as either not a
randomised controlled trial (RCT) or clearly outside the scope of
this review (Figure 1). We obtained the full text of the remaining 38
references.
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Figure 1.   Study flow diagram.
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We considered 15 studies eligible for inclusion and excluded 23
trials for not meeting the eligibility criteria of this review. Of these,
three references from two trials were identified in a repeat search
immediately before publication and these are listed as studies
awaiting classification (Miao 2014; Miao 2015). We contacted,
by email, the authors of nine of the eligible trials for further
information about their trials (Chong Sung 2006; Kanbak 2011;
Kasper 2001; Kyoung 2004; Lee 2013; LoeMelbein 2008; McCall 2004;
Oliver 2003; Trimble 1964). Three of the authors responded to
our enquiries and we incorporated the information and data they
provided into this review (Kanbak 2011; McCall 2004; Oliver 2003).

Included studies

FiLeen trials were eligible for inclusion in this review (see
Characteristics of included studies table). We excluded one cross-
over study (40 patients) from the outcome analysis because the
data were uninterpretable due to a major methodological flaw in
the study design (Martinowitz 1990). We included data from this
study in the 'Risk of bias' assessment.

Design

The trials were published between 1964 and 2013. All 15 were
published as full-text articles, with 14 published in English and
one in Korean (Kyoung 2004). Thirteen trials were parallel-group
two-arm trials, two were parallel-group three-arm trials (Kyoung
2004; Tølløfsrud 2003), and one trial was a randomised cross-over
trial (Martinowitz 1990). One of the intervention arms in one of the
parallel-group two-arm trials was reported as a three-arm trial due
to dividing one intervention arm by blood type: this has limited the
inclusion of the data from this trial in our review (Tølløfsrud 2003).

Sample sizes

The trials included 755 patients. The number of patients ranged
from 17 (Långström 2008) to 121 (Lee 2013).

Setting

The trials were conducted in nine countries, with four trials in
the United States of America (McCall 2004; Oliver 2003; Snow
1982; Trimble 1964); three in Germany (LoeMelbein 2008; Kasper
2001; Wilhelmi 2001); three in South Korea (Chong Sung 2006;
Kyoung 2004; Lee 2013); and one in each in Finland (Långström
2008), Israel (Martinowitz 1990), Norway (Tølløfsrud 2003), Turkey
(Kanbak 2011), and the Netherlands (Consten 1996).

Patients

The patients were adults, children or neonates. Seven trials
looked at adults only (Consten 1996; Kanbak 2011; Kasper 2001;
Martinowitz 1990; Snow 1982; Tølløfsrud 2003; Wilhelmi 2001), two
trials looked at children only (Chong Sung 2006; Kyoung 2004),
two trials included neonates only (Långström 2008; McCall 2004),
three trials included neonates and children (Lee 2013; LoeMelbein
2008; Oliver 2003), and one trial included adults and children but
analysed them separately (Trimble 1964).

Interventions

Studies of interventions comparing any clinical plasma transfusion
with no plasma

Fourteen trials compared fresh frozen plasma (FFP) with no
FFP, although the 'no FFP' comparator arm diMered across the
trials. Seven trials examined the eMects of FFP transfusion at

time of heparin neutralisation and stopping cardiopulmonary
bypass (CPB) (Chong Sung 2006; Kasper 2001; Kyoung 2004;
Martinowitz 1990; Snow 1982; Trimble 1964; Wilhelmi 2001), four
trials examined the eMects of FFP transfusion with CPB priming
(Lee 2013; LoeMelbein 2008; McCall 2004; Oliver 2003), one trial
examined the eMects of FFP transfusion aLer anaesthetic induction
(Kanbak 2011), and two trials examined postoperative transfusion
of FFP (Consten 1996; Långström 2008).

Four trials used no additional treatment as a comparator
(Kanbak 2011; McCall 2004; Snow 1982; Trimble 1964), four used
hydroxyethyl starch (Chong Sung 2006; Kasper 2001; Kyoung
2004; Wilhelmi 2001), four used human albumin solution (Lee
2013; LoeMelbein 2008; Långström 2008; Oliver 2003), one used
Gelofusine (Consten 1996), and one used packed red blood cells
(Martinowitz 1990).

Studies of interventions comparing clinical plasma (any type) or
plasma-derived blood products

One trial compared FFP with an active comparator (Tølløfsrud
2003). This trial compared two types of FFP (Uniplas and Octaplas)
and was the only trial assessing the therapeutic use of FFP
for reversal of warfarin, increase of heparin eMect in cases
of low antithrombin III, non-surgical bleeding aLer optimising
coagulation status or massive surgical bleeding.

Outcomes

No trial measured all outcomes of interest to this review. Six trials
reported data for our primary outcome of mortality at 30 days or
whilst in hospital (Chong Sung 2006; Kanbak 2011; Långström 2008;
McCall 2004; Oliver 2003; Wilhelmi 2001).

Excluded studies

We excluded 23 studies from the review following full-text eligibility
assessment (see Characteristics of excluded studies table).

In summary, 12 had an incorrect intervention: six were trials
of plasmapheresis (Armellin 2001; Boldt 1989; Boldt 1990; Boldt
1993; Menges 2006; Safwat 2002); three were trials of FFP for
warfarin reversal (Demeyere 2010; Frenzel 2008; Yiu 2006), one
was of platelet-rich plasma compared to whole blood (Hertfelder
1992); one trial compared a combination of FFP and human
albumin to hydroxyethyl starch (von Sommoggy 1990), and one
was two comparisons of the same product (Lancé 2012). Three
excluded studies were not randomised controlled trials comparing
FFP to a comparator (Bilgin 2011; Chapanduka 2002; Haubelt
2002), three studies were secondary citations for other studies
(Demeyere 2010; Miao 2015; Tølløfsrud 2003), three were ongoing
trials (ACTRN12613001279718; EudraCT: 2009-016709-41; EudraCT:
2014-000452-28) and two were studies awaiting classification (Miao
2014; Miao 2015).

Of note, papers by the clinician Dr J Boldt have recently been
retracted by journals due to a suspected fabrication of results (Wise
2013): four of the excluded studies relate to the work of this clinician
(Boldt 1989; Boldt 1990; Boldt 1993; Menges 2006).

Ongoing studies

We identified three ongoing studies (see Characteristics of ongoing
studies table). We will monitor the progress of these trials and
on publication (assuming eligibility) we will include them in
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future updates of this review. One ongoing RCT compares FFP to
fibrinogen concentrate for patients undergoing repair of thoraco-
abdominal aortic aneurysms (EudraCT: 2009-016709-41); one is a
study of FFP or prothrombin concentrate for treatment of bleeding
in cardiac surgery (ACTRN12613001279718); and the last is a study

of two types of FFP for patients undergoing emergency surgery for
thoracic aortic dissections (EudraCT: 2014-000452-28).

Risk of bias in included studies

See the 'Risk of bias' tables for details of our assessment for each
study and Figure 2 for a tabular summary.
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Figure 2.   'Risk of bias' summary: authors' judgements about each risk of bias item for each included study.
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Chong Sung 2006 ? ? ? ? ? + + - +
Consten 1996 ? ? + + ? + + + +
Kanbak 2011 ? ? ? - ? + + - +
Kasper 2001 + - - - - + + - +

Kyoung 2004 ? ? ? ? ? + + - +
Långström 2008 ? ? + ? ? + + + ?

Lee 2013 ? ? ? + ? + + - +
Loeffelbein 2008 ? ? + ? ? + + - +

Martinowitz 1990 ? ? ? ? ? - + + +
McCall 2004 ? ? + - ? ? + - +
Oliver 2003 ? ? ? + ? + + - +
Snow 1982 - ? ? - ? + + + ?

Trimble 1964 + ? ? ? ? + + ? ?
Tølløfsrud 2003 ? ? ? - ? + ? + +
Wilhelmi 2001 - - - - - + + + +
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Allocation

Four trials reported details of the randomisation sequence (Kasper
2001; Snow 1982; Trimble 1964; Wilhelmi 2001). We defined
two of these four trials as being of low risk of bias using
the following techniques: a computer-generated list and sealed
envelopes (Kasper 2001); and random number tables (Trimble
1964). We defined two trials as being of high risk of bias with one
using hospital number for randomisation (Snow 1982), and one
randomising the first 60 patients to the treatment arm and next 60
to control (Wilhelmi 2001).

We defined the generation of the randomisation sequence as
unclear risk of bias in the other 11 trials (Chong Sung 2006;
Consten 1996; Kanbak 2011; Kyoung 2004; Lee 2013; LoeMelbein
2008; Långström 2008; McCall 2004; Martinowitz 1990; Oliver 2003;
Tølløfsrud 2003).

Concealment of treatment allocation

Seven trials reported suMicient details to allow an assessment of
the quality of the concealment of treatment allocation. We deemed
the method of randomisation (as described above) to conceal
treatment allocation to be of high risk of bias in two trials (Kasper
2001; Wilhelmi 2001), where there was no concealment in one trial
as block randomisation was used (Wilhelmi 2001), and the other
used autologous plasma donation pre-procedurally for patients in
the FFP group only (Kasper 2001). Four trials used sealed envelopes
for randomisation but it was unclear if they were serially numbered
or opaque envelopes and we defined them as having an unclear risk
of bias (Consten 1996; Lee 2013; McCall 2004; Tølløfsrud 2003).

Nine trials did not provide information to enable assessment of
adequate allocation concealment (Chong Sung 2006; Kanbak 2011;
Kyoung 2004; LoeMelbein 2008; Långström 2008; Martinowitz 1990;
Oliver 2003; Snow 1982; Trimble 1964), and we thus defined them
as having unclear risk of bias.

Blinding

Participants

Five trials provided adequate information for an assessment of
bias for blinding of participants (Consten 1996; Kasper 2001;
LoeMelbein 2008; McCall 2004; Wilhelmi 2001). We considered four
of these trials to be at low risk of bias as the randomisation was
intra-operative (Consten 1996), or the participants were neonates
or infants (LoeMelbein 2008; Långström 2008; McCall 2004). We
considered two trials to be at high risk of bias for blinding of
participants, as one involved autologous collection of plasma only
for those in the treatment arm (Kasper 2001), and the other
used block randomisation where the first 60 patients received
the intervention and the second 60 patients received a control
(Wilhelmi 2001). Nine trials did not report suMicient information for
an assessment of bias to be made (Chong Sung 2006; Kanbak 2011;
Kyoung 2004; Lee 2013; Martinowitz 1990; Oliver 2003; Snow 1982;
Trimble 1964; Tølløfsrud 2003).

Study personnel

Eight trials provided adequate information for an assessment of
bias for blinding of study personnel (Consten 1996; Kanbak 2011;
Kasper 2001; Lee 2013; McCall 2004; Oliver 2003; Snow 1982;
Wilhelmi 2001). We considered three of these trials to be at low
risk of bias as in two trials all personnel except the infusionist

were blinded (Lee 2013; Oliver 2003), and in another independent
investigators were used in the operating room and intensive care
unit (Consten 1996). We considered five trials to be at high risk of
bias for blinding of personnel, as in three trials personnel in the
operating department would either administer FFP or no treatment
(Kanbak 2011; McCall 2004; Snow 1982); one involved autologous
collection of plasma only for those in the treatment arm and was
not blinded (Kasper 2001), and one used block randomisation
where the first 60 patients received the intervention and the second
60 patients received a control (Wilhelmi 2001). Seven trials did not
report suMicient information for an assessment of bias to be made
(Chong Sung 2006; Kyoung 2004; LoeMelbein 2008; Långström 2008;
Martinowitz 1990; Trimble 1964; Tølløfsrud 2003).

Outcome assessors

Two trials provided adequate information for an assessment of
bias for blinding of outcome (Kasper 2001; Wilhelmi 2001). Both
of these trials were not blinded. Thirteen trials did not report
suMicient information for an assessment of bias to be made (Chong
Sung 2006; Consten 1996; Kanbak 2011; Kyoung 2004; Lee 2013;
LoeMelbein 2008; Långström 2008; Martinowitz 1990; McCall 2004;
Oliver 2003; Snow 1982; Trimble 1964; Tølløfsrud 2003).

Overall, the blinding of all trial personnel (patients, clinicians and
outcome assessors) to treatment allocation was unclear in five
trials (Chong Sung 2006; Kyoung 2004; Martinowitz 1990; Trimble
1964; Tølløfsrud 2003).

Incomplete outcome data

Ten trials included all randomised patients in the analysis of
outcome data and did not lose any patients during follow-up
(Chong Sung 2006; Consten 1996; Kanbak 2011; Kyoung 2004;
LoeMelbein 2008; McCall 2004; Oliver 2003; Tølløfsrud 2003; Trimble
1964; Wilhelmi 2001).

Two trials excluded patients before they received the intervention
and reported the reasons for this exclusion (Kasper 2001; Snow
1982); we considered them at low risk of bias. Two trials
excluded two patients due to pre-specified complications aLer
randomisation (Lee 2013; Långström 2008), and we also considered
them to have a low risk of bias. We considered one trial to have a
high risk of bias, as it had a cross-over design and it was unclear
when patients were assessed for outcomes before or aLer the cross-
over (Martinowitz 1990).

Selective reporting

Fourteen studies reported results for all pre-specified outcomes
and we considered them to have low risk of bias (Chong Sung 2006;
Consten 1996; Kanbak 2011; Kasper 2001; Kyoung 2004; Lee 2013;
LoeMelbein 2008; Långström 2008; Martinowitz 1990; McCall 2004;
Oliver 2003; Snow 1982; Tølløfsrud 2003; Wilhelmi 2001). One study
did not pre-specify any outcomes and its risk of bias was unclear
(Trimble 1964).

Other threats to validity

Balance of baseline factors

Thirteen studies reported adequate information for a comparison
of baseline factors and we considered them at low risk of
bias (Chong Sung 2006; Consten 1996; Kanbak 2011; Kasper
2001; Kyoung 2004; Lee 2013; LoeMelbein 2008; Långström 2008;
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Martinowitz 1990; McCall 2004; Oliver 2003; Tølløfsrud 2003;
Wilhelmi 2001). Two studies did not report adequate information
to assess baseline factors and we considered them to have unclear
risk of bias (Snow 1982; Trimble 1964).

Twelve trials only included patients undergoing elective surgery
(Chong Sung 2006; Consten 1996; Kanbak 2011; Kasper 2001;
Kyoung 2004;Lee 2013; LoeMelbein 2008 Martinowitz 1990; McCall
2004; Oliver 2003; Snow 1982; Tølløfsrud 2003). Two trials did
not specify if emergency cases were included (Långström 2008;
Trimble 1964). One trial included emergency patients but only
two patients out of 120 were emergency cases and both were
randomised to the control group (Trimble 1964). It was not specified
if either of the emergency cases were following cardiac arrest or
cardiac catheterisation. Nine studies excluded patients with pre-
existing coagulopathies (Chong Sung 2006; Consten 1996; Kanbak
2011; Kasper 2001; Kyoung 2004; Lee 2013; McCall 2004; Oliver
2003; Wilhelmi 2001). The remaining six trials did not include any
information on the number of with coagulopathies (LoeMelbein
2008; Långström 2008; Martinowitz 1990; Snow 1982; Trimble 1964;
Tølløfsrud 2003).

A mix of children and neonates with and without cyanotic heart
disease were included in the eight studies that included children
(Chong Sung 2006; Kyoung 2004; Lee 2013; LoeMelbein 2008;
Långström 2008; McCall 2004; Oliver 2003; Trimble 1964). For those
where information was available, 35/145 (24%) of children or
neonates who were randomised to FFP had congenital cyanotic
heart disease compared to 36/147 (24%) who were randomised to
a comparator.

Patients with significant leL ventricular failure were excluded from
four studies (Consten 1996; Kanbak 2011; Kasper 2001; Wilhelmi
2001). Patients with renal failure were excluded from three studies
(Chong Sung 2006; Kanbak 2011; Kasper 2001). Coagulopathic
patients were excluded from nine trials (Chong Sung 2006; Consten
1996; Kanbak 2011; Kasper 2001; Kyoung 2004; Lee 2013; McCall
2004; Oliver 2003; Wilhelmi 2001).

Patients taking oral anticoagulants were excluded from four
studies (Kanbak 2011; Kasper 2001; Kyoung 2004; McCall 2004),
and patients taking antiplatelet agents were excluded from four
studies (Kanbak 2011; Martinowitz 1990; McCall 2004; Wilhelmi
2001). No trial where patients were taking antiplatelet agents or
anticoagulant drugs described the preoperative management for
these patients.

Equal use of co-interventions in each arm

Six studies had equal use of co-interventions in all study arms and
we considered them at low risk of bias (Consten 1996; Långström
2008; Martinowitz 1990; Snow 1982; Tølløfsrud 2003; Wilhelmi
2001). There was insuMicient information from one study to assess
risk of bias for this domain (Trimble 1964).

Eight studies had a high risk of bias for this domain (Chong
Sung 2006; Kanbak 2011; Kasper 2001; Kyoung 2004; Lee 2013;
LoeMelbein 2008; McCall 2004; Oliver 2003). In all of these trials,
both the FFP and control groups received additional FFP with a
higher dose of FFP being transfused in the comparator arm than
the FFP arm in six of these trials (Chong Sung 2006; Kanbak 2011,
Kasper 2001; Kyoung 2004; Lee 2013; Oliver 2003). Additionally,
cryoprecipitate was administered as a co-intervention in two trials

(McCall 2004; Oliver 2003), thus confounding the interpretation of
fibrinogen concentration.

Equal doses of heparin were used for loading prior to
cardiopulmonary bypass in all studies. One trial used 250 units
heparin/kg (Kyoung 2004), seven trials used 300 units heparin/kg
(Consten 1996; Kanbak 2011; Kasper 2001; Lee 2013; Oliver 2003;
Snow 1982; Trimble 1964), one trial used 350 units heparin/kg
(Wilhelmi 2001), and one trial used 400 units heparin/kg (Tølløfsrud
2003).

Nine trials reported on whether heparin was used for the
cardiopulmonary bypass priming (Consten 1996; Kanbak 2011;
Kasper 2001; Kyoung 2004; Lee 2013; LoeMelbein 2008; McCall
2004; Oliver 2003). Four trials did not used heparin for the
cardiopulmonary bypass priming (Consten 1996; Kyoung 2004;
Oliver 2003; Wilhelmi 2001), one trial used 50 units/kg heparin
(Kanbak 2011), one trial used 750 units heparin with a standard
deviation of 250 units heparin (LoeMelbein 2008), one trial used
1400 to 2000 units heparin (McCall 2004), one trial used 2000 units
heparin (Kasper 2001), and in one study the total dose was unclear
(Lee 2013). Heparin levels were adjusted perioperatively. There was
equal use of heparin loading and heparin priming in the FFP and
comparator groups.

The dose of protamine for heparin reversal was described in nine
trials (Consten 1996; Kanbak 2011; Kyoung 2004; Lee 2013; Oliver
2003; Trimble 1964; Tølløfsrud 2003; Wilhelmi 2001). Two studies
used 1 unit protamine per unit of heparin (Kanbak 2011; Lee 2013),
one trial used 3 mg protamine per 100 units heparin (Trimble 1964),
one trial used 5 mg to 10 mg protamine/kg body weight (Kyoung
2004), one trial used 300 units protamine/kg body weight (Wilhelmi
2001), one study used 1.3 mg/100 units heparin (Oliver 2003), and
one study used 1.5 mg protamine per 125 units heparin (Consten
1996). FFP and control groups were administered an equal amount
of protamine in all studies where this was reported.

Aprotinin was administered to all patients in two trials (Långström
2008; Wilhelmi 2001). One million units of aprotinin was
administered to all patients before priming in one trial (Wilhelmi
2001). In the other trial using aprotinin, 30,000 units/kg aprotinin
was given in the priming solution, followed by a bolus of 30,000
units/kg, followed by 8000 units/kg/hour maintenance (Långström
2008). Patients in the FFP and comparator arms were treated
equally. No other study reported use of antifibrinolytic agents.

Duration of cardiopulmonary bypass was similar between patents
who received FFP and those who received a comparator.

E;ects of interventions

See: Summary of findings 1 Fresh frozen plasma compared to no
plasma for cardiovascular surgery

Studies of interventions comparing any clinical plasma
transfusion with no plasma

Fourteen studies compared fresh frozen plasma (FFP) transfusion
with no FFP (Chong Sung 2006; Consten 1996; Kanbak 2011;
Kasper 2001; Kyoung 2004; Lee 2013; LoeMelbein 2008; Martinowitz
1990; McCall 2004; Oliver 2003; Snow 1982; Trimble 1964; Wilhelmi
2001). All of these studies used FFP, or the comparator, for
prophylaxis of bleeding. One trial administered FFP (or comparator)
pre-operatively with anaesthetic induction (Kanbak 2011); four
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trials administered FFP (or comparator) intra-operatively with
cardiopulmonary bypass (CPB) priming (Lee 2013; LoeMelbein
2008; McCall 2004; Oliver 2003); seven studies administered FFP (or
comparator) intra-operatively aLer CPB termination and heparin
neutralisation (Chong Sung 2006; Kasper 2001; Kyoung 2004;
Martinowitz 1990; Snow 1982; Trimble 1964; Wilhelmi 2001), and in
two studies FFP (or comparator) was administered postoperatively
(Consten 1996; Långström 2008).

We have not included outcome data from the Martinowitz 1990
study in this systematic review, due to a major methodological
problem in the study design. The authors did not clearly define a
uniform time point where cross-over took place and hence it was
not possible to assess the outcome data by individual intervention.
This meant that it was impossible to fully understand the data in
this trial and we took the decision to not include this trial in any
quantitative or qualitative assessment of outcome data.

Primary outcomes

Short-term mortality rate (30 days or in hospital)

Six trials (with 287 patients) reported measuring mortality (Chong
Sung 2006; Kanbak 2011; Långström 2008; McCall 2004; Oliver 2003;
Wilhelmi 2001), although mortality was not the primary outcome
for any of them. In five trials there were no incidences of mortality
(Chong Sung 2006; Kanbak 2011; Långström 2008; McCall 2004;
Wilhelmi 2001). One trial measuring perioperative mortality found
no diMerence in the number of deaths between the intervention
arms (Oliver 2003). Hence a pooled result could not be obtained,
but the data are depicted in a graph (Analysis 1.1). There was a very
serious risk of imprecision in this estimate due to the low numbers
of mortality events and a serious risk of bias due to inadequate or
unclear sequence generation in the trials contributing towards this
outcome. Consequently, we downgraded the quality of evidence for
this outcome to very low.

Secondary outcomes

Major complications: serious organ damage - respiratory failure

No trial reported respiratory failure as an outcome.

Major complications: serious organ damage - myocardial infarction

One trial reported myocardial infarction as an outcome (Wilhelmi
2001). In this trial, there were no myocardial infarctions in either
study group (Analysis 1.2).

Major complications: serious organ damage - stroke

No trial reported the incidence of stroke as an outcome.

Major complications: serious organ damage - renal failure

One trial reported renal failure as an outcome (LoeMelbein 2008).
There was a significant diMerence in favour of the comparator
group (no FFP) in the mean glomerular filtration rate six hours aLer
cardiopulmonary bypass (mean diMerence (MD) -48.3 ml/min/1.73

m2, 95% confidence interval (CI) -48.3 to -6.87 ml/min/1.73 m2, 20
patients) (Analysis 1.3).

Major complications: serious organ damage - haemorrhage (measured
as the presence or absence of major/unexpected bleeding and, if
stated, the volume of blood loss)

Eleven trials reported blood loss postoperatively (Chong Sung
2006; Consten 1996; Kanbak 2011; Kasper 2001; Kyoung 2004; Lee

2013; McCall 2004; Oliver 2003; Snow 1982; Trimble 1964; Wilhelmi
2001).

We analysed paediatric and neonatal patients separately from
adult patients, as there were diMerences in the volume of blood loss
and units of measure between these groups of patients (ml/kg for
paediatric patients and neonates and ml for adults).

Four studies in paediatric and neonatal patients (Chong Sung 2006;
Kyoung 2004; McCall 2004; Oliver 2003), and one study in adults
(Wilhelmi 2001), provided data that could be pooled in a meta-
analysis. There was no significant diMerence in blood loss at 24
hours between the FFP and the comparator group in the paediatric
and neonatal patients (MD -1.46 ml/kg/24 hours, 95% CI -4.7 to
1.78 ml/kg/24 hours, 138 patients) (Analysis 1.4), or for the adults
(MD -12.00 ml/24 hours, 95% CI -101.16 to 77.16 ml/24 hours, 120
patients). One study was a significant outlier (Oliver 2003). There

was no diMerence in the I2 value when we removed it in sensitivity
analysis, so we included it with the other studies. The higher
mean volume of blood loss in this study compared with the other
studies in children is likely to be related to the higher complexity
of the surgery that patients underwent, as a high proportion of
patients in this trial had surgery for cyanotic congenital heart
disease. There was a very serious risk of bias for this outcome
due to inadequate or unclear sequence generation and inadequate
blinding of participants, clinicians and/or analysts. Consequently
we downgraded the quality of the evidence to low.

In another six studies, variability in the method of statistical
analysis and reporting (Kasper 2001; Lee 2013), and not reporting
the timing of the measurement of the outcome (Consten 1996;
Kanbak 2011; Snow 1982; Trimble 1964), prevented these trials
from being included in the meta-analysis. Kasper 2001 and Lee 2013
presented blood loss at 24 hours as a median (plus interquartile
range). The FFP group had less blood loss at 24 hours when
compared to the comparator (no FFP group) in Kasper 2001 and in
the children (age one to 16 years) randomised in the Lee 2013 study.
Infants (age less than 12 months) in Lee 2013 had less blood loss at
24 hours in the comparator group (no FFP) when compared to the
FFP group. Median values are reported in Table 1.

In the four trials that reported blood loss but not the time over
which it was measured (Consten 1996; Kanbak 2011; Snow 1982;
Trimble 1964), blood loss was lower in the comparator (no FFP)
group in Consten 1996, Kanbak 2011 and Snow 1982 and greater
in both children and adults in the FFP group in Trimble 1964.
Individual study data are reported in Table 1.

Transfusion requirements (for example, red cells, platelets, plasma,
cryoprecipitate, plasma-derived products such as prothrombin
complex concentrates or albumin) or use of non-blood products such
as recombinant factor VIIa

1. Red cells

Ten studies reported red cell transfusion as an outcome (Chong
Sung 2006; Consten 1996; Kanbak 2011; Kasper 2001; Kyoung 2004;
Lee 2013; McCall 2004; Oliver 2003; Snow 1982; Wilhelmi 2001), and
one study reported red cell transfusion requirements as its primary
outcome (McCall 2004).

We analysed volume of red cells transfused separately for adult
and paediatric/neonatal patients, as there were diMerences in the
volume of blood loss and units of measure (ml/kg for paediatric
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patients and neonates and ml for adults) between these groups of
patients.

Three paediatric and neonatal studies provided data that could
be pooled in a meta-analysis (Chong Sung 2006; Kyoung 2004;
Oliver 2003). Only one adult study reported this outcome (Kanbak
2011). There was no significant diMerence in red cell transfusions
at 24 hours between the FFP and the comparator group in the
paediatric and neonatal patients (MD 0.4 ml/kg/24 hours, 95% CI
-2.99 to 3.79 ml/kg/24 hours, 110 patients) (Analysis 1.5). There
was also no diMerence observed in the one adult study (MD
150.00 ml/24 hours, 95% CI -128.63 to 428.63 ml/24 hours, 32
patients). There was a very serious risk of bias for this outcome
due to inadequate or unclear sequence generation and inadequate
blinding of participants, clinicians and/or analysts. Consequently
we downgraded the quality of the evidence to low.

In another six studies, variability in the method of statistical
analysis (Kasper 2001; Lee 2013) and the unit of measurement
(Consten 1996; McCall 2004; Snow 1982; Wilhelmi 2001) prevented
these trials from being included in the meta-analysis.

Kasper 2001 and Lee 2013 presented red blood cell transfusion
requirement at 24 hours as a median (plus interquartile range).
The FFP group had a lower red blood cell transfusion requirement
then the comparator (no FFP group) in both studies. Median values
are reported in Table 2. In the three trials using diMerent units of
measurement to report this outcome, the volume of red blood cells
transfused within the first 24 hours was greater in the comparator
(no FFP) group when compared to the FFP group in Consten 1996;
the number of units transfused per patient in the first 24 hours was
greater in the FFP group when compared to the comparator (no
FFP) group in Wilhelmi 2001 and Snow 1982. Individual study data
are reported in Table 2.

Four studies reported information on the number of patients
who received any red cell transfusion and all provided suMicient
information for use in meta-analysis (Kanbak 2011; McCall 2004;
Oliver 2003; Wilhelmi 2001). We analysed paediatric and adult
studies together for this outcome. There was a significant diMerence
in favour of control in the number of patients who required a red
cell transfusion (Peto odds ratio (OR) 2.57, 95% CI 1.30 to 5.08, 222
patients) (Analysis 1.6). There was a very serious risk of bias for
this outcome due to inadequate or unclear sequence generation
and inadequate blinding of participants, clinicians and/or analysts.
However, there was a large treatment eMect. Consequently we
downgraded the quality of the evidence to moderate.

2. Platelets

Three studies reported platelet transfusion requirements as an
outcome (Lee 2013; McCall 2004; Oliver 2003). All were in a
neonate and paediatric population but diMerences in the units of
measurement prevented the pooling of data in a meta-analysis
(Analysis 1.7). McCall 2004 measured platelet usage by the mean
(standard deviation (SD)) number of donor exposures; Oliver 2003
by the mean (SD) number of units used in the operating theatre and
during the initial 24 hours in the intensive care unit (ICU) and Lee
2013 reports data as median (plus interquartile range).

In Lee 2013, platelet transfusion requirement was very similar
between the FFP and comparator (no FFP group); median values
are reported in Table 3. However, in McCall 2004 and Oliver 2003,

platelet usage in the FFP group was lower than in the comparator
(no FFP group). Individual study data are reported in Table 3

3. Cryoprecipitate

Two studies reported cryoprecipitate transfusions as an outcome
(McCall 2004, Oliver 2003). Both studies were in a neonate and
paediatric population but diMerences in the units of measurement
prevented the pooling of data in a meta-analysis (Analysis 1.8).
McCall 2004 measures cryoprecipitate usage by the mean (SD)
number of donor exposures and Oliver 2003 by the mean (SD)
number of units used in the operating theatre and during the initial
24 hours in the ICU.

In Oliver 2003, cryoprecipitate usage was very similar between
the FFP and comparator (no FFP group). However, in McCall 2004
cryoprecipitate usage in the FFP group was lower than in the
comparator (no FFP group). Individual study data are reported in
Table 4.

4. Use of FVIIa or antifibrinolytic drugs to control bleeding

No trial reported the use of FVIIa or antifibrinolytic drugs to control
bleeding as an outcome.

Measurement of coagulation factors or tests (by prothrombin time,
activated partial thromboplastin time or equivalent)

1. Prothrombin time

Nine studies reported prothrombin time measured within two
hours of FFP transfusion (Consten 1996; Kanbak 2011; Kasper 2001;
Kyoung 2004; Lee 2013; McCall 2004; Oliver 2003; Snow 1982;
Wilhelmi 2001). Five studies provided data that could be pooled
in a meta-analysis (Consten 1996; Kanbak 2011; McCall 2004;
Oliver 2003; Snow 1982). There was a diMerence in prothrombin
time measured within two hours of FFP transfusion: the mean
prothrombin time was reduced in the FFP arm in comparison to
the comparator arm (MD -0.71 seconds, 95% CI -1.28 to -0.13, 210

patients, I2 = 0%) (Analysis 1.9). There was a serious risk of bias for
this outcome due to inadequate or unclear sequence generation.
Consequently we downgraded the quality of the evidence to
moderate.

Four studies were not included in the meta-analysis (Kasper 2001;
Kyoung 2004; Lee 2013; Wilhelmi 2001). Two studies reported
prothrombin time as a percentage (Kasper 2001; Wilhelmi 2001);
one reported prothrombin time as the international normalised
ratio (Kyoung 2004); and one reported prothrombin time 24 hours
aLer transfusion (Lee 2013), so these were not included in meta-
analysis. Three of these studies reported a trend in favour of FFP
(Kasper 2001; Kyoung 2004; Wilhelmi 2001), and one showed no
diMerence between FFP and control (Lee 2013). Individual study
data are reported in Table 5.

2. Activated partial thromboplastin time (APTT)

Nine studies reported data for this outcome (Chong Sung 2006;
Consten 1996; Kanbak 2011; Kasper 2001; Kyoung 2004; Lee
2013; McCall 2004; Oliver 2003; Wilhelmi 2001), with eight studies
providing data that could be pooled in a meta-analysis (Chong
Sung 2006; Consten 1996; Kanbak 2011; Kasper 2001; Kyoung 2004;
McCall 2004; Oliver 2003; Wilhelmi 2001) (Analysis 1.10). However,

the I2 statistic is 96%, which signifies substantial statistical
heterogeneity. We did explore two possible causes: patient age and
timing of measurement aLer protamine administration. Removing
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the neonate and paediatric data from the analysis did not change

the I2 when the data from just the four trials in an adult
population were pooled (Consten 1996; Kanbak 2011; Kasper 2001;
Wilhelmi 2001); nor did removing the data from the three trials
where measurement of FFP was delayed until ICU admission
postoperatively (McCall 2004; Oliver 2003; Wilhelmi 2001). The
diMerences observed are likely to be due to methodological
diMerences, as activated partial thromboplastin (APTT) time is
dependent on heparin concentration and protamine infusion as
well as FFP. The cause of the substantial heterogeneity is likely to
be a result of the timing of APTT measurement compared to timing
of heparin neutralisation with protamine.

Overall, four studies reported that activated partial thromboplastin
time was shorter aLer FFP transfusion than controls (Chong Sung
2006; Kasper 2001; Kyoung 2004; Oliver 2003); three studies found
that activated partial thromboplastin time was shorter for controls
than aLer FFP transfusion (Consten 1996; Kanbak 2011; Wilhelmi
2001), and one study found no diMerence between FFP transfusion
and controls (McCall 2004). Individual study data are reported in
Table 6.

Lee 2013 reported activated partial thromboplastin time 24 hours
postoperatively as median values (with interquartile range). APTT
levels were lower in the FFP group when compared to the
comparator (no FFP) group for both infants and children. Individual
study data are reported in Table 6.

3. Fibrinogen concentration

Five studies measured fibrinogen concentration within two hours
of the study products being transfused and all had the potential
to be combined for meta-analysis (Kasper 2001; Lee 2013; McCall

2004; Oliver 2003; Snow 1982) (Analysis 1.11). The I2 statistic was
82%, which signifies substantial statistical heterogeneity. We did
explore two possible causes: patient age and type of comparator.
Removing the neonate and paediatric data from the analysis did
not reduce the amount of statistical heterogeneity (measured

through the I2) when the data from the two trials in an adult
population were pooled (Kasper 2001; Snow 1982). In four of
these studies some patients in the control group also received FFP
alongside the non-FFP comparator (Kasper 2001; Lee 2013; McCall
2004; Oliver 2003). In two of the studies patients in the control
group also received cryoprecipitate, another source of fibrinogen
(McCall 2004; Oliver 2003). These factors are likely to account for
the observed heterogeneity. Consequently, a pooled analysis is not
reported.

Four trials found that fibrinogen concentration was greater aLer
FFP transfusion than controls (Kasper 2001; Lee 2013; Oliver 2003;
Snow 1982). One study found that fibrinogen concentration was
greater aLer control infusion than aLer FFP transfusion (McCall
2004). Individual study data are reported in Table 7.

Adverse events

No trial reported adverse events as an outcome.

Resource use: length of hospital stay

No trial reported length of hospital stay as an outcome.

Resource use: time in operating theatre or intensive care unit

Two studies reported time in intensive care (Oliver 2003, Wilhelmi
2001). No diMerence was found in the time in the operating theatre
or intensive care unit between the FFP and comparator arm (no
FFP) in either trial (Analysis 1.12). One of these trials recruited
adults (Wilhelmi 2001), and the other recruited children (Oliver
2003); this is likely to account for the diMerences in the time spent
in the ICU.

Resource use: need for return to theatre/reoperation for management
of bleeding

Seven studies reported this outcome (Chong Sung 2006; Kasper
2001; Kyoung 2004; Oliver 2003; Snow 1982; Trimble 1964; Wilhelmi
2001). Trimble 1964 reported children and adults separately. There
was no diMerence in the number of patients returning to theatre
for a re-operation between the FFP and comparator (no FFP) group
(Peto OR 0.81, 95% CI 0.26 to 2.57, 398 patients) (Analysis 1.13).
There was a serious risk of bias for this outcome due to inadequate
or unclear sequence generation. Consequently we downgraded the
quality of the evidence to moderate.

Studies of interventions comparing clinical plasma (any type)
or plasma-derived blood product

One study, using FFP therapeutically, compared two types of FFP:
Octaplas and Uniplas (Tølløfsrud 2003). Patients were randomised
to Octaplas or Uniplas but the patients in the Uniplas group were
then divided into two groups by their blood type. Data are reported
as if three distinct randomised groups and as such cannot be part
of any quantitative analyses. Outcome findings for this trial are
therefore reported descriptively with outcome data presented in
Table 8.

Primary outcomes

Short-term mortality rate (30 days or in hospital)

Tølløfsrud 2003 reported peri-operative mortality as an outcome.
There were more deaths in the Octaplas group than in either
Uniplas group. Deaths were reported as due to 'surgical technical
problems' unrelated to FFP.

Secondary outcomes

Major complications: serious organ damage - respiratory failure

Tølløfsrud 2003 reported respiratory failure as an outcome. There
were more cases of respiratory failure in the Uniplas group for
patients with blood group A, B or AB than in the Uniplas group for
patients with blood group O or the Octaplas group.

Major complications: serious organ damage - myocardial infarction

Tølløfsrud 2003 reported myocardial infarction as an outcome.
There were more cases of myocardial infarction in the Octaplas
group than in either Uniplas group.

Major complications: serious organ damage - stroke

Tølløfsrud 2003 reported stroke as an outcome. There were more
cases of stroke in the Uniplas group for patients with blood group O
than in the Uniplas group for patients with blood group A, B or AB,
or in the Octaplas group.
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Major complications: serious organ damage - renal failure

Tølløfsrud 2003 reported renal failure as an outcome. There were
more cases of renal failure in the Uniplas group for patients with
blood group A, B or AB than in the Uniplas group for patients with
blood group O; or in the Octaplas group.

Major complications: serious organ damage - haemorrhage (measured
as the presence or absence of major/unexpected bleeding and, if
stated, the volume of blood loss)

Tølløfsrud 2003 reported postoperative bleeding as an outcome.
Mean blood loss was highest in the Octaplas group, followed by the
Uniplas group for patients with blood group O; followed by patients
in the Uniplas group with group A, B or AB blood.

Transfusion requirements (for example, red cells, platelets, plasma,
cryoprecipitate, plasma-derived products such as prothrombin
complex concentrates or albumin) or use of non-blood products such
as recombinant factor VIIa

1. Red cells

Tølløfsrud 2003 reported red cell transfusions during the study
period as an outcome. Mean red cell transfusions were highest in
the Uniplas group with blood group O, followed by the Uniplas
group for patients with blood group A, B or AB, followed by patients
in the Octaplas group.

2. Platelets

Tølløfsrud 2003 reported platelet transfusions during the study
period as an outcome. Mean platelet transfusions were highest in
the Uniplas group with blood group A, B or A, followed by the
Octaplas group, followed by patients in the Uniplas group with
group O blood.

3. Cryoprecipitate

No data were reported for this outcome

4. Use of FVIIa or antifibrinolytic drugs to control bleeding

No data were reported for this outcome.

Measurement of coagulation factors or tests (by prothrombin time,
activated partial thromboplastin time, or equivalent)

1. Prothrombin time

No data were reported for this outcome.

2. Activated partial thromboplastin time

Tølløfsrud 2003 reported mean activated partial thromboplastin
time as an outcome. Activated partial thromboplastin time was
highest in the Uniplas group for patients with blood group A, B or
AB, followed by the Uniplas group for patients with blood group O,
then the Octaplas group.

3. Fibrinogen concentration

No data were reported for this outcome.

Adverse events

Tølløfsrud 2003 reported allergic and haemolytic transfusion
reactions as an outcome. No adverse events were reported in any
of the groups.

Resource use: length of hospital stay

No data were reported for this outcome.

Resource use: time in operating theatre or intensive care unit

No data were reported for this outcome.

Resource use: need for return to theatre/reoperation for management
of bleeding

Tølløfsrud 2003 reported return to theatre as an outcome. Return
to theatre was more common in the Octaplas group than in either
Uniplas group.

D I S C U S S I O N

Summary of main results

We included 15 trials in this systematic review with a total of 755
patients. One of these trials assessed the use of fresh frozen plasma
(FFP) therapeutically (Tølløfsrud 2003). Tølløfsrud 2003 compared
two types of FFP for the treatment of unexpected surgical bleeding,
for the reversal of warfarin or for antithrombin supplementation.
As this trial compared two types of FFP, it is diMicult to draw
conclusions about the eMicacy of FFP in this setting.

The remaining 14 trials examined prophylactic FFP use in
elective cardiac surgery and we will consider these in more
detail in this discussion. The timing of intervention varied,
including FFP transfusion at the time of heparin neutralisation and
stopping cardiopulmonary bypass (CPB) (seven trials), with CPB
priming (four trials), aLer anaesthesia induction (one trial) and
postoperatively (two trials).

Twelve trials only included elective patients and in the one trial
that explicitly included emergency patients, these made up 2/120
of the total. Coagulopathic patients were excluded from nine trials
and these excluded patients may be those that would benefit
most from FFP. Patients who were receiving antiplatelet agents or
anticoagulant drugs were excluded from four trials each and these
patients may be more likely to bleed.

There was no diMerence in mortality between patients who received
FFP and a comparator, although the number of deaths was
small (Analysis 1.1). There was no significant diMerence in blood
loss between those that received FFP and those that did not:
paediatric/neonatal patients (mean diMerence (MD) -1.46 ml/kg,
95% confidence interval (CI) -4.7 to 1.78 ml/kg); adult patients (MD
-12.00 ml, 95% CI -101.16 to 77.16 ml) (Analysis 1.4). The number
of patients who received any red cell transfusion was significantly
higher in those transfused with FFP than controls (Peto odds ratio
(OR) 2.57, 95% CI 1.30 to 5.30). There was no diMerence in red
cell transfusion volume (Analysis 1.5), platelet or cryoprecipitate
requirements between those receiving FFP and no FFP. There was
no significant diMerence between FFP and no FFP in duration of
intensive care unit (ICU) admission or in need to return to theatre
for re-operation (OR 0.81, 95% CI 0.26 to 2.57).

There was a statistically significant diMerence in prothrombin
time (Analysis 1.9) and fibrinogen concentration aLer FFP
administration compared to no FFP. However, the diMerences are
small and unlikely to be of clinical significance. There was no
significant diMerence between FFP and comparator for activated
partial thromboplastin time.
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One included study reported adverse events as an outcome and
reported no adverse events due to FFP transfusion. No study
reported length of hospital stay.

Overall completeness and applicability of evidence

The review method aimed for a comprehensive assessment of FFP
randomised controlled trials (RCTs) in cardiac and vascular surgery.
It identified two trials, Lee 2013 and Snow 1982, not included in
the systematic review of FFP use in all specialities (Yang 2012),
reflecting the broad and comprehensive searching strategy.

The timing of intervention varied, including transfusion at the
time of heparin neutralisation and stopping cardiopulmonary
bypass (CPB) (seven trials), with CPB priming (four trials), aLer
anaesthesia induction (one trial) and postoperatively (one trial).
This is likely to be an important clinical factor in determining the
wider applicability of the evidence.

Quality of the evidence

The 15 trials included in this review are at risk of bias. There is either
high risk of bias, or unclear risk, in the majority of trials included in
this review. Overall the trials were small, with only four reporting
an a priori sample size calculation, which was achieved in all four
trials. No trial was powered to determine changes in mortality as a
primary outcome. Ten of the trials are more than 10 years old.

There is heterogeneity in the dose of FFP, timing of administration
and patient groups. We found heterogeneity between studies

in six cases (defined as an I2  value greater than 50%). These
outcomes included transfusion requirements for red cells, platelets
and cryoprecipitate, all of which are prone to bias in unblinded
studies, as a decision on transfusion may be taken by the clinical
team. Fibrinogen and activated partial thromboplastin time also
showed significant heterogeneity between studies. Fibrinogen
can be replaced by cryoprecipitate or fibrinogen concentrate in
addition to FFP, and variation in transfusion practice for these blood
components may have led to heterogeneity. The main determinant
of postoperative activated partial thromboplastin time is heparin
concentration/neutralisation and FFP administration is of minimal
consequence for this measurement in this clinical situation.

We found five outcomes to have low levels of heterogeneity
between groups (mortality, bleeding in first 24 hours, prothrombin
time aLer FFP administration, time in ICU and need to return to
theatre.

There were insuMicient data to calculate heterogeneity for
respiratory failure, myocardial infarction, stroke, renal failure, use
of FVIIa or antifibrinolytic drugs, or length of hospital stay.

We found the quality of the evidence to be low to moderate for
most outcomes. The outcomes in this review were at risk of bias
due to inadequate sequence generation and inadequate blinding
of participants, personnel and analysts. The primary outcome of
mortality within 30 days was subject to a high level of imprecision
due to the low number of deaths in the studies included in the
review. This level of imprecision means that further research is
likely to alter the estimate of eMect.

Potential biases in the review process

The searching was comprehensive and we minimised bias by using
two independent researchers to screen, extract and analyse data.
One potential source of bias was not obtaining missing data from
the two trials published before 1990 (Snow 1982; Trimble 1964). We
were unable to find current contact details for the authors of either
trial in order to request the missing data.

Agreements and disagreements with other studies or
reviews

A retrospective study of 5261 patients undergoing coronary bypass
surgery found a significant increase in mortality for patients
who were transfused with FFP compared to those that were
not (Bjursten 2013). Another retrospective study of 967 patients
undergoing cardiac surgery transfused with FFP for the treatment
of bleeding found no evidence of a beneficial eMect of FFP
transfusion on mortality (Doussau 2014). These findings concur
with our findings that no beneficial eMect on mortality was found
with FFP transfusion. Our results also concur with a previous
systematic review on FFP in a number of surgical and medical
settings, where FFP was not found to improve mortality (Yang 2012).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

This review has found no evidence to support the prophylactic
administration of fresh frozen plasma (FFP) to patients without
coagulopathy undergoing elective cardiac surgery. There was
no significant diMerence in mortality. Only one included study
reported adverse events as an outcome, and reported no
adverse events attributable to FFP transfusion. There was a
significant increase in the number of patients requiring red cell
transfusion who were randomised to FFP. There were statistically
significant diMerences in some laboratory parameters, such as
prothrombin time, but this diMerence was too small to be
of clinical significance. Patients undergoing emergency surgery
and coagulopathic patients were poorly represented amongst
the published studies. The findings question the continued
routine practice of prophylactic administration in the absence of
coagulopathy or bleeding.

Implications for research

Further adequately powered studies of FFP are required to assess
whether larger reductions in prothrombin time translate into
clinical benefits, including mortality reduction. These studies
should carefully consider the most appropriate schedule and dose
for administration of FFP. There is clinical interest in the role
of alternative comparable pro-haemostatic agents (for instance,
prothrombin complex concentrate), but clinical trials need to be
undertaken to evaluate any prophylactic role. There is insuMicient
evidence to inform any positive therapeutic role of FFP, which is an
important gap in the research agenda (Desborough 2012).
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Type of study: single-centre, parallel-group randomised controlled trial. Full-text paper

Country: South Korea

Dates of trial (start and end): June 2003 to January 2004

Follow-up until: 24 hours postoperatively

Participants Inclusions:

1. Children (6 months to 10 years) undergoing elective cardiac surgery with CPB

Exclusions:

1. Renal failure

2. Abnormal pre-operative clotting parameters

3. Infants (> 6 months) undergoing cardiac surgery

Age:

Intervention arm: median 24 months (range 6 to 120 months)

Comparator arm: median 24 months (range 6 to 72 months)

Ethnicity:

Not reported

Gender:

Not reported

Operations:

Intervention arm: elective surgery only; 21 non-cyanotic heart disease and 0 cyanotic heart disease

Comparator arm: elective surgery only; 19 non-cyanotic heart disease and 2 cyanotic heart disease

Interventions Intervention arm:

Transfusion of 10 ml/kg FFP after CPB and heparin neutralisation (n = 21)

Comparator arm:

Infusion of 10 ml/kg hydroxyethyl starch (HES) 130/0.4 after CPB and heparin neutralisation) (n = 21)

Outcomes Primary:

Blood loss at 24 hours postoperatively

Other outcomes:

1. Red cell transfusion requirements 24 hours postoperatively

2. INR immediately after transfusion of FFP or HES and at 24 hours postoperatively

3. APTT immediately after transfusion of FFP or HES and at 24 hours postoperatively

Chong Sung 2006 
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4. Haematocrit immediately after transfusion of FFP or HES

5. Return to theatre within 24 hours postoperatively

6. Mortality (time period not stated)

Notes —

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Study subjects received either 10mL/kg FFP ...or HES ...in a random
manner shortly after protamine infusion." How the random sequence was gen-
erated is not described

Allocation concealment
(selection bias)

Unclear risk Insufficient information about allocation concealment to permit judgement

Blinding of participants Unclear risk Insufficient information about blinding of participants to permit judgement

Blinding of personnel Unclear risk Insufficient information about blinding of personnel to permit judgement

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information about blinding of analysts to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All patients analysed

Selective reporting (re-
porting bias)

Low risk All pre-reported outcomes analysed

Equal use of co-interven-
tions in each arm

High risk Similar numbers of patients undergoing each type of surgery. In addition to
the study intervention, patients in the control group were given 7.3 ± 10.2 ml/
kg FFP whereas those in the FFP group received an additional 3.8 ± 7.1 ml/kg
FFP. This may confound the outcomes

Balance of baseline factors Low risk Similar age groups and body weight of participants

Chong Sung 2006  (Continued)

 
 

Study characteristics

Methods Type of study: single-centre, parallel-group randomised controlled trial. Full-text paper

Country: Netherlands

Dates of trial (start and end): not reported

Follow-up until: 5 days postoperatively

Participants Inclusions:

1. Adults undergoing elective coronary artery bypass graL surgery with CPB

Exclusions:

Consten 1996 
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1. Abnormal pre-operative clotting parameters

2. LeL ventricular ejection fraction less than 40%

3. Re-operations

4. Cardiopulmonary bypass time exceeding 2 hours

5. Valve replacement surgery

Age:

Intervention arm: median 62 years (range 46 to 75 years)

Comparator arm: median 63 years (range 49 to 75 years)

Ethnicity:

Not reported

Gender:

Intervention arm: 20 male and 4 female

Comparator arm: 15 male and 11 female

Operations:

Elective surgery only. All patients underwent coronary artery bypass graL with cardiopulmonary by-
pass

Interventions Intervention arm:

Postoperative transfusion of 3 units FFP (n = 24)

Comparator arm:

Postoperative infusion of gelofusine 750 ml (n = 26)

Outcomes Primary:

Not reported

Other outcomes:

1. Blood loss at up to 6 days postoperatively

2. Transfusion requirements at up to 6 days postoperatively

3. Prothrombin time immediately postoperatively and at 2 hours, 6 hours, 24 hours and 5 days postop-
eratively

4. Activated partial thromboplastin time immediately postoperatively and at 2 hours, 6 hours, 24 hours
and 5 days postoperatively

Notes —

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information about the sequence generation process to permit
judgement

Consten 1996  (Continued)
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Allocation concealment
(selection bias)

Unclear risk Quote: "randomisation envelope opened at end of surgical procedure"

Blinding of participants Low risk Randomisation performed postoperatively. Patients would not be aware of
randomisation and it would not affect outcomes if they did

Blinding of personnel Low risk Quote: "Blinding was ensured by use of two independent investigators, one in
the operating room and one in the intensive care unit (ICU) and on the ward.
The latter was unaware of whether FFP or Gelofusine plasma substitute had
been administered."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information about blinding of analysts to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Results as presented do not state how many patients completed study but no
patients are described as not completing the study

Selective reporting (re-
porting bias)

Low risk All pre-reported outcomes analysed

Equal use of co-interven-
tions in each arm

Low risk Similar interventions in both groups. Quote: "no patient in group 2 received
FFP"

Balance of baseline factors Low risk Similar mean age and gender. No information on comorbidities

Consten 1996  (Continued)

 
 

Study characteristics

Methods Type of study: single-centre, parallel-group randomised controlled trial. Full-text paper

Country: Turkey

Dates of trial (start and end): not reported

Follow-up until: 24 hours postoperatively

Participants Inclusions:

1. Adults undergoing elective coronary artery bypass graL surgery with CPB

Exclusions:

1. Abnormal pre-operative coagulation tests

2. Infective thrombus or ventricular aneurysm

3. Congenital antithrombin III deficiency

4. Pre-operative use of heparin, nitroglycerine, oral contraceptive pill or antiplatelet agents

5. Creatinine greater than 300 µg/l

6. Clinical or laboratory evidence of liver dysfunction

7. 20% decrease in systolic blood pressure following nitroglycerine administration

Kanbak 2011 
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Age:

Intervention arm: mean 53.19 years (standard deviation 10.88 years)

Comparator arm 1: mean 58.81 years (standard deviation 8.26 years)

Comparator arm 2: mean 60.19 years (standard deviation 11.02 years)

Ethnicity:

Not reported

Gender:

Intervention arm: 13 male and 3 female

Comparator arm 1: 13 male and 3 female

Comparator arm 2: 12 male and 4 female

Operations:

Elective surgery only. All patients underwent coronary artery bypass graL with cardiopulmonary by-
pass

Interventions Intervention arm:

Transfusion of 400 ml (2 units) FFP after anaesthetic induction (n = 16)

Comparator arm 1:

No additional treatment (n = 16)

Comparator arm 2:

Infusion of 1000 units antithrombin III after anaesthetic induction (n = 16)

Outcomes Primary:

Not reported

Other outcomes:

1. Activated clotting time after anaesthetic induction, before sternotomy, before heparin administra-
tion, 5 minutes after heparin administration, at the beginning of CPB, after 30 minutes of CPB, 5 min-
utes after the end of CPB and heparin neutralisation, and at the end of the operation

2. Prothrombin time after anaesthetic induction, 5 minutes after heparin administration, at the begin-
ning of CPB, after 30 minutes of CPB, 5 minutes after the end of CPB and heparin neutralisation, and at
the end of the operation

3. Thrombin time after anaesthetic induction, 5 minutes after heparin administration, at the beginning
of CPB, after 30 minutes of CPB, 5 minutes after the end of CPB and heparin neutralisation, and at the
end of the operation

4. Activated partial thromboplastin time after anaesthetic induction, 5 minutes after heparin adminis-
tration, at the beginning of CPB, after 30 minutes of CPB, 5 minutes after the end of CPB and heparin
neutralisation, and at the end of the operation

5. Antithrombin II activity after anaesthetic induction, 5 minutes after heparin administration, at the
beginning of CPB, after 30 minutes of CPB, 5 minutes after the end of CPB and heparin neutralisation,
and at the end of the operation

6. D-dimer after anaesthetic induction, 5 minutes after heparin administration, at the beginning of CPB,
after 30 minutes of CPB, 5 minutes after the end of CPB and heparin neutralisation, and at the end of
the operation

Kanbak 2011  (Continued)
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7. Blood loss postoperatively

8. Blood transfusion requirements postoperatively and after 24 hours

9. Heparin sensitivity

10. Total heparin requirements

11. Heparin consumption

12. Heparin sensitivity

13. Time in operating theatre

14. Urine output postoperatively and after 24 hours

Notes 3 groups but comparisons will only be made between the FFP group and the control group. Both
groups received additional FFP during the operations and postoperatively

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "The patients were allocated in a randomised fashion into three groups
of 16 each"

Allocation concealment
(selection bias)

Unclear risk Insufficient information about allocation concealment to permit judgement

Blinding of participants Unclear risk Insufficient information about blinding of participants to permit judgement

Blinding of personnel High risk Personnel transfused FFP or antithrombin III post-induction to those ran-
domised to the FFP or antithrombin groups and, consequently, they will not
have been blinded to the intervention

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information about blinding of analysts to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Results as presented do not state how many patients completed study but no
patients are described as not completing the study

Selective reporting (re-
porting bias)

Low risk All pre-reported outcomes analysed

Equal use of co-interven-
tions in each arm

High risk Similar interventions in both groups. All patients were given additional FFP
with a mean volume of 1219 ml in the FFP group; 1218 ml in antithrombin III
group; and 737 ml in the control group. This may confound the outcomes

Balance of baseline factors Low risk Similar mean age and gender. No information on comorbidities

Kanbak 2011  (Continued)
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Methods Type of study: single-centre, parallel-group randomised controlled trial. Full-text paper
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Country: Germany

Dates of trial (start and end): not reported

Follow-up until: 5 days postoperatively

Participants Inclusions:

1. Adults undergoing elective coronary artery bypass graL surgery with CPB

2. Weight 50 kg to 100 kg

3. Met criteria for autologous blood donation

Exclusions:

1. Abnormal pre-operative clotting parameters

2. LeL ventricular ejection fraction less than 40%

3. Haemoglobin < 120 g/l

4. Plasma protein < 60 g/l

5. Concurrent medications known to affect blood coagulation

6. Creatinine > 1500 µmol/l

7. Allergy to hydroxyethyl starch (HES)

Age:

Intervention arm: mean 58 years (standard deviation 7 years)

Comparator arm: mean 56 years (standard deviation 8 years)

Ethnicity:

Not reported

Gender:

Intervention arm: 24 male and 3 female

Comparator arm: 25 male and 4 female

Operations:

Elective surgery only. All patients underwent coronary artery bypass graL with cardiopulmonary by-
pass

Interventions Intervention arm:

Transfusion of 15 ml/kg autologous FFP after CPB and heparin neutralisation (n = 27)

Comparator arm:

Infusion of 15 ml/kg 6% HES 450/0.7 after CPB and heparin neutralisation (n = 29)

Outcomes Primary:

Blood loss at 12 hours and 24 hours postoperatively

Other outcomes:

1. Transfusion requirements 24 hours postoperatively

Kasper 2001  (Continued)
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2. Prothrombin time immediately after transfusion of FFP or HES and at 24 hours, 3 days and 7 days
postoperatively

3. Activated partial thromboplastin time immediately after transfusion of FFP or HES and at 24 hours, 3
days and 7 days postoperatively

4. Fibrinogen concentration immediately after transfusion of FFP or HES and at 24 hours, 3 days and 7
days postoperatively

5. Antithrombin III levels immediately after transfusion of FFP or HES and at 24 hours, 3 days and 7 days
postoperatively

6. Return to theatre within 5 days

7. Haematocrit 6 hours postoperatively

Notes —

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "randomisation was based on a computer-generated code that was
prepared by an individual not involved in the study and was sealed in sequen-
tially numbered opaque envelopes"

Allocation concealment
(selection bias)

High risk Comment: patients allocated to the FFP group had autologous plasma collect-
ed by apheresis on 2 occasions. Therefore, it is possible that on generating the
allocation (e.g. to undergo apheresis collection, or not) there was potential for
the requirement for the arrangements to be known

Blinding of participants High risk Quote: "Patients in the FFP group had a total volume of 15 ml/kg of autolo-
gous, platelet-poor plasma collected at two visits during the preoperative peri-
od, which was re infused intraoperatively after termination of CPB and heparin
neutralization. Patients in the HES group did not donate autologous plasma
before surgery".

Comment: it will have been clear to patients which group they were in by
whether they were invited to donate autologous plasma pre-operatively, or
not

Blinding of personnel High risk Quote: "The investigators were not blinded to which substance was being ad-
ministered."

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Quote: "The investigators were not blinded to which substance was being ad-
ministered."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 4 patients (FFP group, 3 patients; HES group, 1 patient) were excluded from
analysis: 1 patient from each group developed severe leL ventricular failure
during weaning from CPB and required intra-aortic balloon pumping; the in-
fusion of a relatively large quantity (15 ml/kg) of fluid within a short period of
time was deemed inappropriate in these patients. Remaining patients were all
included in final analysis

Selective reporting (re-
porting bias)

Low risk All pre-reported outcomes analysed

Kasper 2001  (Continued)
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Equal use of co-interven-
tions in each arm

High risk 3 patients in the control group received FFP. No patients in the FFP group re-
ceived additional FFP in addition to the intervention. This may confound the
outcomes

Balance of baseline factors Low risk Similar mean age, gender and weight. No information on co-morbidities

Kasper 2001  (Continued)

 
 

Study characteristics

Methods Type of study: single-centre, parallel-group randomised controlled trial. Full-text paper

Country: South Korea

Dates of trial (start and end): not reported

Follow-up until: 24 hours postoperatively

Participants Inclusions:

1. Children (age > 6 months, upper age limit not specified) undergoing cardiac surgery with CPB

Exclusions:

1. Preoperative treatment with anticoagulant

2. Known coagulation disorder

Age:

Intervention arm: mean 37.5 months (standard deviation 32.2 months)

Comparator arm 1: mean 36.4 months (standard deviation 24.4 months)

Comparator arm 2: mean 19.1 months (standard deviation 17.0 months)

Ethnicity:

Not reported

Gender:

Intervention arm: 3 male and 7 female

Comparator arm 1: 6 male and 4 female

Comparator arm 2: 5 male and 5 female

Operations:

Intervention arm: elective surgery only; 10 non-cyanotic heart disease

Comparator arm 1: elective surgery only; 8 non cyanotic heart disease and 2 cyanotic heart disease

Comparator arm 2: elective surgery only; 9 non cyanotic heart disease and 1 cyanotic heart disease

Interventions Intervention arm:

Transfusion of 10 ml/kg FFP after CPB and heparin neutralisation (n = 10)

Comparator arm 1:

Kyoung 2004 
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Infusion of 10 ml/kg hydroxyethyl starch (HES) 130/0.4 after CPB and heparin neutralisation (n = 10)

Comparator arm 2:

Infusion of 10 ml/kg HES 200/0.5 after CPB and heparin neutralisation (n = 10). Details from this arm
have not been used in the review as it was important not to use the intervention arm twice for compar-
isons

Outcomes Primary:

Not reported

Other outcomes:

1. Blood loss 24 hours postoperatively

2. Haematocrit at end of surgery and 24 hours postoperatively

3. Activated partial thromboplastin time at end of surgery and 24 hours postoperatively

4. INR at end of surgery and 24 hours postoperatively

5. Transfusion requirements 24 hours postoperatively

6. Changes in central venous pressure before, and after, FFP or HES infusion

7. Return to theatre during the study

Notes The trial is published in Korean and was translated into English

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information about the sequence generation process to permit
judgement

Allocation concealment
(selection bias)

Unclear risk Insufficient information about allocation concealment to permit judgement

Blinding of participants Unclear risk Insufficient information about blinding of participants to permit judgement

Blinding of personnel Unclear risk Insufficient information about blinding of personnel to permit judgement

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information about blinding of analysts to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Results as presented do not state how many patients completed study but no
patients are described as not completing the study

Selective reporting (re-
porting bias)

Low risk All pre-reported outcomes analysed

Equal use of co-interven-
tions in each arm

High risk In addition to the study intervention, patients in the HES 130/0.4 group were
given 7.3 ± 10.2 ml/kg FFP; patients in the HES 130/0.4 group were given 7.7 ±
7.0 ml/kg; whereas those in the FFP group received an additional 3.8 ± 7.1ml/
kg FFP. This may confound the outcomes

Balance of baseline factors Low risk Similar mean age, gender, weight and co-morbidities in all 3 groups

Kyoung 2004  (Continued)
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Study characteristics

Methods Type of study: single-centre, parallel-group randomised controlled trial. Full-text paper
Dates of trial (start and end): not reported
Follow-up until: 30 days postoperatively

Participants Inclusions:
Neonates (aged less than 1 month) undergoing open heart surgery with CPB
Exclusions:
Infusions other than red blood cells or crystalloid in the 2 hours postoperatively before FFP or human
albumin solution (HAS) been given

Age:

All patients aged less than 1 month but not reported separately for each arm of study

Ethnicity:

Not reported

Gender:

Not reported

Operations:

10 non-cyanotic heart disease. Not reported separately for each arm of the study

Interventions Intervention arm:
Transfusion of 20 ml/kg FFP on admission to ICU postoperatively (n = 9)
Comparator arm:
Transfusion of 20 ml/kg 4% HAS on admission to ICU postoperatively (n = 8)

Outcomes Primary:
Prothrombin fragments 1 + 2 post-infusion and 2 hours postoperatively
Other outcomes:
1. Mortality within 30 days postoperatively

2. Thromboembolism within 30 days postoperatively

3. Overt bleeding within 30 days postoperatively

4. Thrombin-antithrombin complexes post-infusion and 2 hours postoperatively

5. D-dimers post-infusion and 2 hours postoperatively

Notes —

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information about the sequence generation process to permit
judgement

Allocation concealment
(selection bias)

Unclear risk Insufficient information about allocation concealment to permit judgement

Blinding of participants Low risk Neonates (aged < 1 month) will be unaware of allocation

Långström 2008 
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Blinding of personnel Unclear risk Insufficient information about blinding of personnel to permit judgement

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information about blinding of analysts to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 2 patients were excluded after randomisation. This was pre-specified in the
protocol

Selective reporting (re-
porting bias)

Low risk All outcomes were reported

Equal use of co-interven-
tions in each arm

Low risk Quote: "Aprotinin (30,000 IU/kg to the prime, 30,000 IU/kg as a bolus to the pa-
tient 1 h after the induction of anesthesia, and a steady infusion of 8,000 IU/kg/
h during CPB) was administered to all patients." "All patients received 200 IU
prothrombin complex concentrate (PCC, Prothromblex-T TIM 4, Baxter, Vien-
na, Austria) after protamine."

Balance of baseline factors Unclear risk Insufficient information about baseline factors to permit judgement

Långström 2008  (Continued)

 
 

Study characteristics

Methods Type of study: single-centre, parallel-group randomised controlled trial. Full-text paper

Country: South Korea

Dates of trial (start and end): not reported

Follow-up until: 24 hours after postoperative ICU admission

Participants Inclusions:

1. Infants (less than 12 months old) and children (1 to 16 years old) undergoing elective heart surgery
with CPB

Exclusions:

1. Neonates (less than 1 month of age)

2. Previously diagnosed coagulation disorder of non-cardiac origin

3. Metabolic disorder leading to abnormalities in plasma protein profiles

Patients could be excluded from the final analysis after randomisation:

1. Patients who were transferred to ICU with an open chest

2. Patients who returned to theatre within 24 hours due to postoperative bleeding

Children

Age:

Intervention arm: median 121 months (interquartile range 42.2 to 177.9 months)

Comparator arm: median 68 months (interquartile range 45.3 to 166 months)

Lee 2013 
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Ethnicity:

Not reported

Gender:

Intervention arm: 19 male and 15 female

Comparator arm: 15 male and 18 female

Operations:

Intervention arm: elective surgery only; 27 non-cyanotic heart disease and 7 cyanotic heart disease

Comparator arm: elective surgery only; 21 non-cyanotic heart disease and 12 cyanotic heart disease

Infants

Age:

Intervention arm: median 3.6 months (interquartile range 2.1 to 6.8 months)

Comparator arm: median 2.6 months (interquartile range 1.5 to 3.7 months)

Ethnicity:

Not reported

Gender:

Intervention arm: 8 male and 18 female

Comparator arm: 15 male and 13 female

Operations:

Intervention arm: elective surgery only; 20 non-cyanotic heart disease and 6 cyanotic heart disease

Comparator arm: elective surgery only; 25 non-cyanotic heart disease and 3 cyanotic heart disease

Interventions Children

Intervention arm:

Transfusion with 1 to 2 units FFP with CPB priming intra-operatively (n = 34)

Comparator arm:

Transfusion with 50 to 100 ml 20% HAS with CPB priming intra-operatively (n = 33)

Infants

Intervention arm:

Transfusion with 1 to 2 units FFP with CPB priming intra-operatively (n = 26)

Comparator arm:

Transfusion with 50 to 100 ml 20% HAS with CPB priming intra-operatively (n = 28)

Outcomes Outcomes for infants and children reported separately

Primary:

Blood loss at 24 hours postoperatively

Other outcomes:

Lee 2013  (Continued)
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1. Clauss fibrinogen post-CPB and heparin reversal and at 24 hours postoperatively

2. Rotational thromboelastometry post-CPB and heparin reversal and at 24 hours postoperatively

3. Red cell transfusion requirements at 24 hours postoperatively

4. Platelet transfusion requirements at 24 hours postoperatively

5. Prothrombin time at 24 hours postoperatively

6. Activated partial thromboplastin time at 24 hours postoperatively

Notes —

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information about random sequence generation to permit judge-
ment

Allocation concealment
(selection bias)

Unclear risk Quote: "Using a sealed envelope method, patients were randomly allocated in-
to either control or treatment groups"

Comment: does not state whether these were serially numbered, sealed,
opaque envelopes

Blinding of participants Unclear risk Insufficient information about blinding of participants to permit judgement

Blinding of personnel Low risk Quote: "With the exception of perfusionists, anaesthesiologists, surgeons, and
personnel working in the ICU were all blinded to the designated group of a pa-
tient"

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information about blinding of analysts to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 1 patient in each group was excluded from final analysis as they required de-
layed sternal closure for haemodynamic stability (a pre-specified exclusion)

Selective reporting (re-
porting bias)

Low risk All pre-reported outcomes analysed

Equal use of co-interven-
tions in each arm

High risk Additional FFP could be given at the clinicians' discretion. Patients in the FFP
group received no additional FFP. Patients in the control group received a me-
dian 150 ml FFP (interquartile range 0 to 300 ml). This may confound the out-
comes

Balance of baseline factors Low risk Similar age, weight, gender and surgical procedures in both groups

Lee 2013  (Continued)
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Methods Type of study: single-centre, parallel-group randomised controlled trial. Full-text paper

Country: Germany
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Dates of trial (start and end): not reported

Follow-up until: 6 hours postoperatively

Participants Inclusions:

1. Neonates and infants (age range not defined) undergoing open heart surgery with CPB

2. Weight less than 6.5 kg

3. Maximum cardiac output rate 1.1 litres per minute

Exclusions:

1. Metabolic disturbances (not defined)

2. Infections

3. Emergency surgery

Age:

Intervention arm: median 130 days (range 4 to 257 days)

Comparator arm: median 119 days (range 3 to 513 days)

Ethnicity:

Not reported

Gender:

Intervention arm: 6 male and 4 female

Comparator arm: 8 male and 2 female

Operations:

Intervention arm: elective surgery only; 6 non-cyanotic heart disease and 4 cyanotic heart disease

Comparator arm: elective surgery only; 6 non-cyanotic heart disease and 4 cyanotic heart disease

Interventions Intervention arm:

Transfusion of a mean of 23 ml/kg FFP with CPB priming intra-operatively (n = 10)

Comparator arm:

Transfusion of a mean of 8.8 ml/kg FFP and 16.9 ml/kg 20% HAS with CPB priming intra-operatively (n =
10)

Outcomes Primary:

Body weight gain 6 hours postoperatively

Other outcomes:

1. Renal function 6 hours postoperatively

2. Renal protein loss 6 hours postoperatively

3. Inflammatory response (Interleukin-6, Interleukin-8, C-reactive protein and leukocyte count) 6 hours
postoperatively

Loe;elbein 2008  (Continued)
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Notes Patients in the FFP group received 122 ± 13.2 ml FFP and no albumin. Patients in the albumin group re-
ceived 100 ml albumin and a variable amount of FFP (52 ml ± 18.6 ml). See notes re bypass times and
follow-up time below

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "20 patients were allocated to this study" and "Blind randomisation
was conducted by the Centre of Clinical Studies, University of Freiburg"

Comment: no additional information is supplied

Allocation concealment
(selection bias)

Unclear risk Quote: "20 patients were allocated to this study" and "Blind randomisation
was conducted by the Centre of Clinical Studies, University of Freiburg"

Comment: no additional information is supplied

Blinding of participants Low risk Participants were neonates and infants and at this young age are likely to be
unaware of their random allocation

Blinding of personnel Unclear risk Insufficient information about blinding of personnel to permit judgement

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information about blinding of analysts to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 20 patients allocated and all appeared to complete the study, with data pro-
vided on all predefined parameters. However, the study reports only on the
period up to 6 hours after the end of bypass

Selective reporting (re-
porting bias)

Low risk All pre-reported outcomes analysed

Equal use of co-interven-
tions in each arm

High risk Comment: patients in the FFP group received 122 ± 13.2 ml FFP and no albu-
min. Patients in the albumin group received 100 ml albumin and a variable
amount of FFP (52 ml ± 18.6 ml). FFP received by the albumin group may bias
the results. Longer CPB time in the FFP group (128 minutes in FFP group and
87 minutes in albumin group)

Balance of baseline factors Low risk Similar age, weight and gender in both groups

Loe;elbein 2008  (Continued)

 
 

Study characteristics

Methods Type of study: single-centre, randomised, parallel-group, cross-over study. Full-text paper

Country: Israel

Dates of trial (start and end): not reported

Follow-up until: not reported

Participants Inclusions:

1. Adults undergoing open heart surgery with CPB

Martinowitz 1990 
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Exclusions:

1. Aspirin or dipyridamole use in 2 weeks preceding surgery

Age:

Intervention arm: mean 59.4 years (standard deviation 6 years)

Comparator arm: mean 61.8 years (standard deviation 7 years)

Ethnicity:

Not reported

Gender:

Intervention arm: 15 male and 5 female

Comparator arm: 14 male and 6 female

Operations:

Intervention arm: elective surgery only; 12 coronary artery bypass graLs, 6 valve replacements, 1 mitral
commissurotomy and 1 atrial septal defect repair

Comparator arm: elective surgery only; 14 coronary bypass graLs, 5 valve replacements and 1 mitral
commissurotomy

Interventions Intervention arm:

Transfusion of FFP (dose not specified) after CPB and heparin neutralisation followed by cross-over at
unspecified time to comparator arm (n = 20)

Comparator arm:

Transfusion of packed cells (red cells and buMy coat) (dose not specified) after CPB and heparin neutral-
isation followed by cross-over at unspecified time to intervention arm (n = 20)

Outcomes Primary:

Platelet function measured by light transmission aggregometry immediately after transfusion

Other outcomes:

1. Blood loss 24 hours postoperatively

2. Blood transfusion requirements 24 hours postoperatively

Notes Cross-over occurred after platelet function tests were performed but unclear if this occurred before or
after 24 hours when transfusion requirements and blood loss were estimated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information about random sequence generation to permit judge-
ment

Allocation concealment
(selection bias)

Unclear risk Insufficient information about allocation concealment to permit judgement

Blinding of participants Unclear risk Insufficient information about blinding of participants to permit judgement

Martinowitz 1990  (Continued)
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Blinding of personnel Unclear risk Insufficient information about blinding of personnel to permit judgement

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information about blinding of analysts to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

High risk Timing of cross-over unclear. Unclear if patients were assessed for all out-
comes before cross-over

Selective reporting (re-
porting bias)

Low risk All pre-reported outcomes analysed

Equal use of co-interven-
tions in each arm

Low risk Operations and techniques similar in both groups

Balance of baseline factors Low risk Similar mean age and gender in both groups. No information on co-morbidi-
ties

Martinowitz 1990  (Continued)

 
 

Study characteristics

Methods Type of study: single-centre, parallel-group randomised controlled trial. Full-text paper

Country: United States

Dates of trial (start and end): not reported

Follow-up until: 24 hours postoperatively

Participants Inclusions:

1. Infants undergoing surgery for the first time with CPB

2. Weight less than 8 kg

Exclusions:

1. Pre-existing coagulation disorder

2. Abnormal pre-operative clotting parameters

3. Pre-operative use of anticoagulant or antiplatelet agents

Age:

Intervention arm: mean 4.0 months (standard deviation 3.9 months)

Comparator arm: mean 4.4 months (standard deviation 1.2 months)

Ethnicity:

Not reported

Gender:

Not reported

Operations:

McCall 2004 
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Intervention arm: elective surgery only; 7 non-cyanotic heart disease and 3 cyanotic heart disease.

Comparator arm: elective surgery only; 8 non-cyanotic heart disease and 2 cyanotic heart disease.

Interventions Intervention arm:

Transfusion with mean 63 ml/kg (1 unit) FFP with CPB priming intra-operatively (n = 10)

Comparator arm:

Standard care (no comparator agent) (n = 10)

Outcomes Primary:

1. Change in fibrinogen concentration at end of CPB

2. Blood transfusion requirements 24 hours postoperatively

Other outcomes:

1. Prothrombin time on admission to ICU postoperatively

2. Activated partial thromboplastin time on admission to ICU postoperatively

3. Haematocrit on admission to ICU postoperatively

4. Blood loss in first 24 hours postoperatively

Notes FFP group had higher fibrinogen levels after bypass and therefore received less cryoprecipitate, which
"tended to decrease the overall mean patient exposure to blood products"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information about random sequence generation to permit judge-
ment

Allocation concealment
(selection bias)

Unclear risk Quote: "on the day before surgery, each patient was randomised, using a se-
ries of sealed envelopes, to receive either 1 unit of FFP or no FFP in the CPB
pump prime"

Comment: does not state whether these were serially numbered, sealed,
opaque envelopes

Comment: potential for inadequate concealment during surgery as staM in the-
atre were required to administer FFP (or not) and make up with albumin, to
achieve the desired colloid osmotic pressure, and "due to the colloid osmot-
ic pressure of FFP the patients in the FFP group received less albumin in the
prime than those in the no FFP group." Therefore it was possible that the staM
in theatre were aware of which group a patient was in

Blinding of participants Low risk Participants were infants and at this young age are likely to be unaware of
their random allocation

Blinding of personnel High risk Personnel transfused FFP intra-operatively to those randomised to the FFP
group and, consequently, they will not have been blinded to the intervention

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information about blinding of analysts to permit judgement

McCall 2004  (Continued)
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Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Comment: fibrinogen levels were a specified outcome of this study. For low fib-
rinogen levels after protamine administration, "according to a predetermined
protocol" patients would receive "cryoprecipitate (0.5U/kg) for a fibrinogen
less than 80mg/dL". Note fibrinogen levels much lower in "no FFP" group at
end of bypass (58 versus 123 mg/dL), so more patients in this group would
have received prophylactic cryo at this time - but the number of patients and
amount of cryo infused is not stated. However, this would explain why the fib-
rinogen levels on ICU admission were then the same in both groups. Some da-
ta are presented for patients receiving additional blood components "at the
discretion of the surgeon and anaesthesiologist" "if bleeding continued" (i.e.
to treat bleeding, not for prophylaxis). It is not clear how many patients in total
received prophylactic components and of what type intraoperatively

Comment: PT and APTT results are presented at baseline but not at end of by-
pass and differences may have been associated with potential for bleeding.
These were not predetermined outcome measures however.

Comment: haematocrit in the FFP group was slightly but not statistically sig-
nificantly higher at baseline, which may be the reason they received fewer red
cells overall (1.8 versus 2.1, but not statistically significant). However, there
was no difference in the red cells administered in the prime. Haematocrit da-
ta for end of bypass were not presented. Red cells are not listed among the ad-
ditional blood components transfused prophylactically according to the post-
bypass protocol, or for additional bleeding prior to admission to ICU

Selective reporting (re-
porting bias)

Low risk All pre-reported outcomes analysed

Equal use of co-interven-
tions in each arm

High risk FFP group had higher fibrinogen levels after bypass and therefore received
less cryoprecipitate, which "tended to decrease the overall mean patient ex-
posure to blood products"

Comment: treatment with cryoprecipitate has some similar effects to treat-
ment with FFP. This may confound the outcomes

Balance of baseline factors Low risk Similar mean age, weight and co-morbidities in each group

McCall 2004  (Continued)

 
 

Study characteristics

Methods Type of study: single-centre, parallel-group randomised controlled trial. Full-text paper

Country: United States

Dates of trial (start and end): not reported

Follow-up until: 24 hours postoperatively

Participants Inclusions:

1. Neonates and infants (age range not defined) undergoing open heart surgery with CPB

2. Weight 10 kg or less

Exclusions:

1. Pre-existing haematological disease

Oliver 2003 
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2. Abnormal pre-operative clotting parameters

3. Severe liver failure

4. Blood transfusion in 24 hours before operation

Age:

Intervention arm: mean 6.9 months (standard deviation 7.4 months)

Comparator arm: mean 6.6 months (standard deviation 5.9 months)

Ethnicity:

Not reported

Gender:

Intervention arm: 17 male and 11 female

Comparator arm: 14 male and 14 female

Operations:

Intervention arm: elective surgery only; 13 non-cyanotic heart disease and 15 cyanotic heart disease

Comparator arm: elective surgery only; 17 non-cyanotic heart disease and 11 cyanotic heart disease

Interventions Intervention arm:

Transfusion with 1 unit FFP with CPB priming intra-operatively (n = 28)

Comparator arm:

Infusion of 200 ml 5% HAS with CPB priming intra-operatively (n = 28)

Outcomes Primary:

Blood loss 24 hours postoperatively

Other outcomes:

1. Blood transfusion requirements in operating room and 24 hours postoperatively

2. Bleeding ('wet surgical field') 10 minutes after protamine administration

3. Prothrombin time 10 minutes after protamine administration and on arrival to ICU

4. Activated partial thromboplastin time 10 minutes after protamine administration and on arrival to
ICU

5. Fibrinogen concentration 10 minutes after protamine administration

6. Thromboelastography R time 10 minutes after protamine administration

7. Thromboelastography maximum amplitude 10 minutes after protamine administration

8. Return to theatre during study period

9. Perioperative mortality

10. ICU admission duration

Notes Fibrin glue also used

Risk of bias

Oliver 2003  (Continued)
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Patients were randomised to receive either 200mL of albumin 5% or
one unit FP in the prime for CPB" Comment: how the random sequence was
generated is not described

Allocation concealment
(selection bias)

Unclear risk Comment: how allocation was concealed is not described. Although the pa-
tient had already been recruited to the study at the time of priming the pump,
it remains possible that the treating clinician may have been aware of the
group to which a patient had been allocated (e.g. visual cues, as the products
look different) and may have been able to influence the allocation sequence

Blinding of participants Unclear risk Participants were neonates and infants and at this young age are likely to be
unaware of their random allocation

Blinding of personnel Low risk Quote: "All personnel associated with the perioperative care of these infants
and children except the perfusionists were blinded to the constitution of the
prime"

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information about blinding of analysts to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All patients analysed

Selective reporting (re-
porting bias)

Low risk All pre-reported outcomes analysed

Equal use of co-interven-
tions in each arm

High risk Similar numbers of patients undergoing each type of surgery. In addition to
the study intervention, patients in the control group were given 0.6 ± 0.7 units
FFP whereas those in the FFP group received an additional 0.3 ± 0.5 units FFP.
This may confound the outcomes. Cryoprecipitate transfusions were equal in
both groups

Balance of baseline factors Low risk Similar age, weight and co-morbidities

Oliver 2003  (Continued)

 
 

Study characteristics

Methods Type of study: single-centre, parallel-group randomised controlled trial. Full-text paper

Country: United States

Dates of trial (start and end): not reported

Follow-up until: 48 hours postoperatively

Participants Inclusions:

1. Adults undergoing cardiac surgery with CPB

Exclusions:

Not reported

Snow 1982 
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Age:

Not reported

Ethnicity:

Not reported

Gender:

Intervention arm: 19 male and 7 female

Comparator arm: 24 male and 3 female

Operations:

Intervention arm: elective surgery only; 20 coronary artery bypass graLs, 1 combined coronary artery
bypass graL and mitral valve replacement, 1 aortic valve replacement, 1 mitral valve replacement, 1
atrial septal defect repair and 1 coronary artery bypass graL and septal myomectomy

Comparator arm: elective surgery only; 23 coronary artery bypass graLs, 1 combined coronary artery
bypass graL and aortic valve replacement and 1 mitral valve replacement

Interventions Intervention arm:

Transfusion of mean of 3.5 units FFP at time of heparin neutralisation (n = 26)

Comparator arm:

Standard care (no comparator agent) (n = 27)

Outcomes Primary:

Not reported

Other outcomes:

1. Blood transfusion requirements (time scale not reported) postoperatively

2. Prothrombin time immediately postoperatively and at 24 and 48 hours postoperatively

3. Fibrinogen concentration immediately postoperatively and at 24 and 48 hours postoperatively

4. Haematocrit immediately postoperatively and at 24 and 48 hours postoperatively

5. Return to theatre during admission

6. Postoperative blood loss (time scale not reported)

Notes —

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quote: "FiLy-three consecutive patients were studied in a randomised
prospective manner, using hospital numbers"

Allocation concealment
(selection bias)

Unclear risk Insufficient information about allocation concealment to permit judgement

Blinding of participants Unclear risk Insufficient information about blinding of participants to permit judgement

Snow 1982  (Continued)
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Blinding of personnel High risk Personnel transfused FFP postoperatively to those randomised to the FFP
group and, consequently, they will not have been blinded to the intervention

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information about blinding of analysts to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Results as presented do not state how many patients completed study but no
patients are described as not completing the study

Selective reporting (re-
porting bias)

Low risk All pre-reported outcomes analysed

Equal use of co-interven-
tions in each arm

Low risk Operations and techniques similar in both groups

Balance of baseline factors Unclear risk Similar gender ratio. No information on age or co-morbidities

Snow 1982  (Continued)

 
 

Study characteristics

Methods Type of study: single-centre, parallel-group randomised controlled trial. Full-text paper

Country: United Kingdom

Dates of trial (start and end): not reported

Follow-up until: 24 hours postoperatively

Participants Inclusions:

1. Adults (15 years or more) and children (under 15 years of age) undergoing cardiac surgery with CPB
(analysed as separate groups)

Exclusions:

Not reported

Age:

Not reported

Ethnicity:

Not reported

Gender:

Not reported

Operations:

Not reported. Mix of elective and emergency patients not reported

Interventions Adults

Intervention arm:

Trimble 1964 
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Postoperative transfusion of 2 units (500 ml) FFP after CPB and heparin neutralisation (n = 15)

Comparator arm:

Standard care (no comparator agent) (n = 25)

Children

Intervention arm:

Postoperative transfusion of 1 unit (250 ml) FFP after CPB and heparin neutralisation (n = 6)

Comparator arm:

Standard care (no comparator agent) (n = 7)

Outcomes Adults

Primary:

Postoperative blood loss 24 and 48 hours postoperatively

Other outcomes:

Not reported

Children

Primary:

Postoperative blood loss 24 hours postoperatively

Other outcomes:

Return to theatre in study period

Notes Adults and children were analysed separately

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The patients were divided into two groups by reference to a series of
random numbers"

Allocation concealment
(selection bias)

Unclear risk Insufficient information about allocation concealment to permit judgement

Blinding of participants Unclear risk Insufficient information about blinding of participants to permit judgement

Blinding of personnel Unclear risk Personnel transfused FFP postoperatively to those randomised to the FFP
group and, consequently, they will not have been blinded to the intervention

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information about blinding of analysts to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Results as presented do not state how many patients completed study but no
patients are described as not completing the study

Trimble 1964  (Continued)
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Selective reporting (re-
porting bias)

Low risk All pre-reported outcomes analysed

Equal use of co-interven-
tions in each arm

Unclear risk Insufficient information about co-interventions to permit judgement. In adults
the mean perfusion time was lower in the group receiving FFP (87 minutes)
than controls (131 minutes)

Balance of baseline factors Unclear risk Insufficient information about balance of baseline factors to permit judge-
ment. In children the mean age was lower in the group receiving FFP (5.5
years) than controls (8.5 years)

Trimble 1964  (Continued)

 
 

Study characteristics

Methods Type of study: single-centre, parallel-group randomised controlled trial. Full-text paper

Country: Norway

Dates of trial (start and end): not reported

Follow-up until: 6 months postoperatively

Participants Inclusions:

Adults (over age of 18 years) undergoing cardiac surgery with CPB

Exclusions:

1. Emergency coronary surgery
2. Unstable angina pectoris
3. History of exposure to viral hepatitis during the last 6 months
4. History of hypersensitivity to blood products

5. IgA deficiency with documented antibodies against IgA

6. History of drug abuse or suspected drug abuse
7. Pregnancy
8. Current participation in another clinical study or during the past 3 months

Age:

Arm 1: mean 71 years (standard deviation 10.1 years)

Arm 2: mean 69.9 years (standard deviation 10.1 years)

Arm 3: mean 67.6 years (standard deviation 12.5 years)

Ethnicity:

Not reported

Gender:

Arm 1: 13 male and 12 female

Arm 2: 5 male and 6 female

Arm 3: 11 male and 8 female

Operations:

Tølløfsrud 2003 
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Elective surgery only. Individual operation types not reported

Interventions FFP given therapeutically for the following indications:

1. Reversal of warfarin
2. Increase heparin effect in case of low antithrombin III
3. Non-surgical bleeding after optimising coagulation status with protamine sulphate, desmopressin
acetate, tranexamic acid and normothermia
4. Massive surgical bleeding to supply coagulation factors

Arm 1:

10 to 20 ml/kg Uniplas (FFP) for patients with blood group A, B or AB (n = 25)

Arm 2:

10 to 20 ml/kg Uniplas (FFP) for patients with blood group O (n = 11)

Arm 3:

10 to 20 ml/kg Octaplas (FFP) ABO unselected (n = 19)

Controls

Patients undergoing cardiac surgery who were not randomised (n = 29) (not included in systematic re-
view)

Outcomes Primary:

1. Maximum increase in complement factor 3bc (C3bc)

2. Incidence of anti-A or anti-B mediated transfusion reactions in 48 hours postoperatively

Other outcomes:

1. Adverse events in 48 hours postoperatively

2. Incidence of positive viral tests in 6 months postoperatively (hepatitis B virus surface antigen and IgG
antibodies against HBV core antigen; hepatitis C virus, human immunodeficiency virus 1+2; human T-
lymphotrophic virus 1 + 2; cytomegalovirus; hepatitis A virus; and parvovirus B19)

3. Changes in vital signs in 48 hours postoperatively

4. APTT after surgery, 24 hours and 48 hours

5. Activated clotting time after surgery, 24 hours and 48 hours

5. Mortality (perioperative and up to 7 months postoperatively)

7. Return to theatre during the study period

Notes Used for treatment of bleeding rather than prophylaxis. In some cases, used for warfarin reversal at
a dose of 5 to 8 ml/kg. 'Control group' were patients that were not randomised, so have not been in-
cluded in the analysis. One patient in the Octaplas group, received 2 units of Uniplas (out of a total of 6
units) due to a protocol violation

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk How the random sequence was generated was not described

Tølløfsrud 2003  (Continued)
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Allocation concealment
(selection bias)

Unclear risk Quote: "The patients were randomised 2:1 to receive Uniplas or Octaplas AB,
respectively, by drawing sealed envelopes"

Blinding of participants Unclear risk Insufficient information about blinding of participants to permit judgement

Blinding of personnel High risk Quote: "The study was observer-blinded with respect to all laboratories, but
not to the administrator of the study drug"

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information about blinding of analysts to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All patients analysed

Selective reporting (re-
porting bias)

Unclear risk No outcomes stated in methods

Equal use of co-interven-
tions in each arm

Low risk Equal use of interventions in both arms

Balance of baseline factors Low risk Similar gender ratio and comorbidities

Tølløfsrud 2003  (Continued)

 
 

Study characteristics

Methods Type of study: single-centre randomised controlled trial. Full-text paper

Country: Germany

Dates of trial (start and end): September 2007 to April 2008

Follow-up until: 24 hours postoperatively

Participants Inclusions:

1. Adults undergoing cardiac surgery with coronary artery bypass surgery (with or without CPB)

Exclusions:

1. Previous cardiac surgery procedures

2. Antiplatelet agents in 72 hours prior to surgery

3. Known coagulation disorders

4. LeL ventricular ejection fraction < 40%

Age:

Intervention arm: mean 63 years (standard deviation 8 years)

Comparator arm: mean 65 years (standard deviation 7 years)

Ethnicity:

Not reported

Wilhelmi 2001 
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Gender:

Intervention arm: 43 male and 17 female

Comparator arm: 44 male and 16 female

Operations:

Intervention arm: 60 elective coronary artery bypass graLs with CPB

Comparator arm: 58 elective coronary artery bypass graLs with CPB and 2 emergency coronary artery
bypass graLs with CPB

Interventions Intervention arm:

Transfusion of 4 units (1000 ml) FFP after CPB and heparin neutralisation (n = 60)

Comparator arm:

Transfusion of 1000 ml hydroxyethyl starch (HES) after CPB and heparin neutralisation (n = 60)

Outcomes Primary:

Not stated

Other outcomes:

1. Postoperative blood loss after 6 and 24 hours

2. Haematocrit on admission to ICU and 24 hours postoperatively

3. Prothrombin time on admission to ICU; 3, 6 and 24 hours after transfusion of FFP or HES; and on dis-
charge from hospital

4. Activated partial thromboplastin time on admission to ICU; 3, 6 and 24 hours after transfusion of FFP
or HES; and on discharge from hospital

5. Mortality up to day 9

6. Return to theatre during admission

7. ICU admission duration

8. Red cell transfusions during hospital admission

Notes Block randomisation. All patients treated with FFP operated on first, followed by control group. 4 units
(1000 ml) FFP given in either arm if excessive bleeding postoperatively

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quote: "Patients were block-randomised into groups of n = 60 patients. All pa-
tients in the FFP group were operated on first, followed by the 60 control pa-
tients."

Allocation concealment
(selection bias)

High risk Not concealed, as FFP group were all operated on first

Blinding of participants High risk Not blinded, as FFP group were all operated on first

Blinding of personnel High risk Not blinded, as FFP group were all operated on first

Wilhelmi 2001  (Continued)
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Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Not blinded, as FFP group were all operated on first

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All patients analysed

Selective reporting (re-
porting bias)

Low risk All pre-reported outcomes analysed

Equal use of co-interven-
tions in each arm

Low risk Operations and techniques similar in both groups with the same 2 surgeons
performing all the operations. Additional FFP could be given to both groups
but the mean volumes given to both groups were substantially different (4
units in FFP group and 0.2 units in control group)

Balance of baseline factors Low risk Similar age, gender, rates of pre-operative infarction and pulmonary function
tests in both groups

Wilhelmi 2001  (Continued)

APTT: activated partial thromboplastin time
CPB: cardiopulmonary bypass
FFP: fresh frozen plasma
HAS: human albumin solution
HBV: hepatitis B
HES: hydroxyethyl starch
ICU: intensive care unit
INR: international normalised ratio
PT: prothrombin time
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Armellin 2001 Ineligible intervention: trial of plasmapheresis

Bilgin 2011 Ineligible intervention: this paper is a post hoc analysis of a randomised controlled trial of 2 types
of red blood cells

Boldt 1989 Ineligible intervention: trial of plasmapheresis

Potentially associated with fabrication of results

Boldt 1990 Ineligible intervention: trial of plasmapheresis

Potentially associated with fabrication of results

Boldt 1993 Ineligible intervention: trial of plasmapheresis

Potentially associated with fabrication of results

Chapanduka 2002 Ineligible study type: consecutive series; not a randomised controlled trial

Demeyere 2010 Ineligible intervention: trial of FFP versus prothrombin complex concentrate for warfarin reversal

Frenzel 2008 Ineligible intervention: this is a study of anticoagulants and not of interventions to prevent or stop
bleeding
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Study Reason for exclusion

Haubelt 2002 Ineligible study type: consecutive series, not a randomised controlled trial

Hertfelder 1992 Ineligible intervention: comparison of platelet-rich plasma with fresh whole blood

Lancé 2012 Ineligible intervention: the study compared 2 units of FFP transfused alongside 2 g of fibrinogen
concentrate with 4 units of FFP. We did not include a category for 2 comparisons of the same prod-
uct within a study in this review

Menges 2006 Ineligible intervention: trial of plasmapheresis

Potentially associated with fabrication of results

Safwat 2002 Ineligible intervention: trial of platelet plasmapheresis

von Sommoggy 1990 Ineligible intervention: combination of FFP and human albumin compared with hydroxyethyl
starch

Yiu 2006 Ineligible intervention: study of reversal of warfarin

FFP: fresh frozen plasma
 

Characteristics of studies awaiting classification [ordered by study ID]

 

Methods Type of study: single-centre, parallel-group randomised controlled trial. Full-text paper

Country: China

Dates of trial (start and end): February 2013 to October 2013

Follow-up until: until hospital discharge

Participants Inclusions:

1. Children aged 6 months to 3 years undergoing cardiac surgery with CPB for congenital cyanotic
heart disease

Exclusions:

1. Haemoglobin less than 150 g/l

2. Known coagulation disorders

3. Renal insufficiency

4. Hepatic insufficiency

5. Anticoagulant medications

6. Previous cardiac surgery procedures

7. Emergency surgery

8. Critically ill patient

Age:

Intervention arm: mean 15.6 months (standard deviation 7.7 months)

Comparator arm: mean 14.7 months (standard deviation 8.1 months)

Miao 2014 
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Ethnicity:

Not reported

Gender:

Intervention arm: 24 male and 22 female

Comparator arm: 27 male and 18 female

Operations:

Intervention arm: elective surgery only; all patients had cyanotic heart disease

Comparator arm: elective surgery only; all patients had cyanotic heart disease

Interventions Intervention arm:

Transfusion of 10 to 20 ml/kg FFP with CPB priming (n = 46)

Comparator arm:

Transfusion of 10 to 20 ml/kg gelofusine with CPB priming (n = 45)

Outcomes Primary:

Change in haemostatic parameters measured by thromboelastography postoperatively

Other outcomes:

1. Postoperative blood loss 6 hours and 24 hours postoperatively and total blood loss before dis-
charge

2. Red cell transfusions postoperatively

3. Platelet transfusions postoperatively

4. Need for pharmacological agents (prothrombin complex concentrate and fibrinogen concen-
trate) to control bleeding postoperatively

5. ICU admission duration

6. Total length of hospital admission

7. Return to theatre during admission

8. Renal function postoperatively

Notes —

Miao 2014  (Continued)

 
 

Methods Type of study: single-centre, parallel-group randomised controlled trial. Full-text paper

Country: China

Dates of trial (start and end): December 2012 to March 2013

Follow-up until: until hospital discharge

Participants Inclusions:

1. Children aged 6 months to 3 years undergoing cardiac surgery with CPB

Miao 2015 
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2. Weight 5 to 15 kg

Exclusions:

1. Previous cardiac surgery procedures

2. Known coagulation disorders

3. Renal insufficiency

4. Hepatic insufficiency

5. Anticoagulant medications

6. Emergency surgery

7. Critically ill patients

Age:

Intervention arm: mean 11.8 months (standard deviation 8.2 months)

Comparator arm: mean 12.7 months (standard deviation 9.5 months)

Ethnicity:

Not reported

Gender:

Intervention arm: 20 male and 17 female

Comparator arm: 18 male and 20 female

Operations:

Intervention arm: elective surgery only; 13 non-cyanotic heart disease and 15 cyanotic heart dis-
ease

Comparator arm: elective surgery only; 22 non-cyanotic heart disease and 15 cyanotic heart dis-
ease

Interventions Intervention arm:

Transfusion of 1 to 2 units FFP with CPB priming (n = 37)

Comparator arm:

Transfusion of 10 to 20 ml/kg gelofusine with CPB priming (n = 38)

Outcomes Primary:

Change in haemostatic parameters measured by thromboelastography postoperatively

Other outcomes:

1. Postoperative blood loss after 24 hours postoperatively and blood loss until discharge

2. Red cell transfusions during ICU admission

3. Platelet transfusions during ICU admission

4. Need for pharmacological agents (prothrombin complex concentrate and fibrinogen concen-
trate) to control bleeding during ICU admission

5. ICU admission duration

Miao 2015  (Continued)

Fresh frozen plasma for cardiovascular surgery (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

57



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

6. Total length of hospital admission

7. Return to theatre during admission

8. Postoperative haematocrit

Notes —

Miao 2015  (Continued)

CPB: cardiopulmonary bypass
FFP: fresh frozen plasma
ICU: intensive care unit
 

Characteristics of ongoing studies [ordered by study ID]

 

Study name 'Prothrombinex-VF vs fresh frozen plasma for the treatment of bleeding post-cardiopulmonary by-
pass'

Methods Type of study : multi-centre, parallel-group randomised controlled trial

Follow-up until: 30 days postoperatively

Participants Inclusion:

1. Patients undergoing cardiac surgery requiring cardiopulmonary bypass and determined to have
non-surgical bleeding post heparin reversal

2. Age 18 to 100 years

Exclusion:

1. Patients with pre-existing bleeding diatheses

2. Patients receiving Prothrombinex VF or FFP less than 5 days before CPB

3. Patients receiving a heart or lung transplant

4. Patients undergoing implant of ventricular assist devices

Interventions Intervention arm:

Human 3 factor prothrombin complex concentrate (Prothrombinex-VF) 25 IU/kg for first-line treat-
ment of non-surgical bleeding post-cardiopulmonary bypass

Comparator arm:

FFP 15 ml/kg for first-line treatment of non-surgical bleeding post-cardiopulmonary bypass

Outcomes Primary outcome:

Composite outcomes of requirements for red cell or platelet transfusion up to 24 hours postopera-
tively

Other outcomes:

1. Chest drain output at 6 and 24 hours postoperatively

2. ICU arrival haemoglobin

3. Incidence of thrombotic complications (during hospital admission)

4. Length of stay on ICU

ACTRN12613001279718 
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5. Length of stay in hospital

6. Overall mortality at 30 days

7. Respiratory indices (P:F ratios) at 6 and 12 hours postoperatively

8. Total surgical red cell loss at postoperative day 5

Starting date 13 January 2014

Contact information Principal investigator: Warren Pavey (warren.pavey@health.wa.gov.au)

Notes —

ACTRN12613001279718  (Continued)

 
 

Study name 'Coagulopathy during surgery for the repair of extent 4 thoraco-abdominal aortic aneurysms - fea-
sibility study of the use of fibrinogen concentrate infusion in place of fresh frozen plasma'

Methods Type of study: single-centre randomised controlled trial

Follow-up until: 24 hours postoperatively

Participants Inclusion:

1. Undergoing elective extent 4 thoracoabdominal aneurysm repair

2. Over 18 years of age

3. Able to give written informed consent

Exclusion:

1. Re-do surgery

2. Surgery for ruptured aneurysm

3. Pregnancy

4. Females of child bearing age (age < 45 years) not using medically approved method of contracep-
tion

5. Congenital coagulopathy

6. Known allergy to study drug

Interventions Intervention arm:

Intra-operative infusion of fibrinogen concentrate 2 g/hour

Comparator arm:

Intra-operative transfusion of FFP

Outcomes Primary outcome:

Pattern of coagulation disturbance (individual coagulation factor levels; von Willebrand factor; and
thrombin generation) intraoperatively and up to 24 hours postoperatively

Other outcomes:

1. Blood loss

EudraCT: 2009-016709-41 
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2. Red cell, FFP and platelet transfusions intraoperatively

3. Morbidity

4. Length of stay

5. Mortality

Starting date 26 January 2010

Contact information Principal investigators: Alastair Nimmo (a.nimmo@ed.ac.uk) and Gary Morrison (gary.morri-
son@luht.scot.nhs.uk)

Notes —

EudraCT: 2009-016709-41  (Continued)

 
 

Study name 'Vasculopathic Injury and Plasma as Endothelial Rescue - OCTAplas Trial (VIPER-OCTA)'

Methods Type of study: single-centre randomised controlled trial

Follow-up until: 90 days postoperatively

Participants Inclusion:

1. Patient undergoing emergency surgery with cardiopulmonary bypass pump for a thoracic aortic
dissection
2. Over 18 years age
3. Consent obtainable from patient or by proxy (independent physician and/or next of kin)

Exclusion:

1. Documented refusal of blood transfusion
2. FFP transfusion before randomisation
3. Aortic dissection due to trauma
4. Treatment with GPIIb/IIIa inhibitors less than 24 hours from screening
5. Withdrawal from active therapy
6. Expected to die less than 24 hours from screening
7. Previously within 30 days included in a randomised trial, if known at the time of enrolment
8. Known IgA deficiency with documented antibodies against IgA
9. Known hypersensitivity to OctaplasLG®: the active substance, any of the excipients (sodium cit-
rate dihydrate, sodium dihydrogen phosphate dihydrate or glycine) or residues from the manufac-
turing process (Tri (N-Butyl) Phosphate (TNBP) and Octoxynol (Triton X-100))
10. Known severe deficiencies of protein S
11. Pregnancy (non-pregnancy confirmed by patient being postmenopausal or having a negative
serum-hCG)

Interventions Intervention arm:

OctaplasLG

Comparator arm:

Fresh frozen plasma

Outcomes Primary outcome:

Plasma levels of endothelial markers (Syndecan-1, soluble thrombomodulin, sE-selectin, sVE-cad-
herin) at 24 hours postoperatively

EudraCT: 2014-000452-28 
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Other outcomes:

1. Plasma levels of endothelial markers (Syndecan-1, soluble thrombomodulin, sE-selectin, sVE-
cadherin) at 48 hours postoperatively
2. Acute kidney injury according to RIFLE criteria in the first 7 postoperative days
3. Renal replacement therapy in the first 7 postoperative days
4. Sepsis-related organ failure assessment: worst score in the first 7 postoperative days
5. Mortality at 30 days and 90 days postoperatively

6. C-reactive protein, interleukin-6, catecholamines at 24 hours and 48 hours postoperatively
7. Length of stay in ICU and hospital assessed at 30 days and 90 days
8. Severe adverse reactions in the first 30 postoperative days

9. Transfusion-associated acute lung injury in the first 30 postoperative days
10. Transfusion-associated circulatory overload in the first 30 postoperative days

Starting date November 2014

Contact information Principal investigators: Jakob Stensballe (stensballe@rh.dk) and Pär I Johansson (per.johans-
son@regionh.dk)

Notes —

EudraCT: 2014-000452-28  (Continued)

CPB: cardiopulmonary bypass
FFP: fresh frozen plasma
ICU: intensive care unit
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Fresh frozen plasma versus no plasma

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Short-term mortality (up to 30 days) 6   Peto Odds Ratio (Peto,
Fixed, 95% CI)

Totals not select-
ed

1.2 Serious organ damage - myocardial
infarction

1 120 Risk Ratio (M-H, Random,
95% CI)

Not estimable

1.3 Serious organ damage - renal failure 1   Mean Difference (IV, Ran-
dom, 95% CI)

Totals not select-
ed

1.4 Bleeding in first 24 hours (adults - ml;
neonates and paediatrics ml/kg)

4   Mean Difference (IV, Ran-
dom, 95% CI)

Subtotals only

1.4.1 Neonates and paediatrics 4 138 Mean Difference (IV, Ran-
dom, 95% CI)

-1.46 [-4.70, 1.78]

1.5 Transfusion requirements (volume)
– red cells (up to 24 hours) (adults - ml;
neonates and paediatrics ml/kg)

3   Mean Difference (IV, Ran-
dom, 95% CI)

Subtotals only

1.5.1 Neonates and paediatrics 3 110 Mean Difference (IV, Ran-
dom, 95% CI)

0.40 [-2.99, 3.79]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.6 Number of patients receiving a red
cell transfusion

4 222 Peto Odds Ratio (Peto,
Fixed, 95% CI)

2.57 [1.30, 5.08]

1.7 Transfusion requirements – platelets
(up to 24 hours) (units)

2   Mean Difference (IV, Ran-
dom, 95% CI)

Totals not select-
ed

1.7.1 Neonates and paediatrics 2   Mean Difference (IV, Ran-
dom, 95% CI)

Totals not select-
ed

1.8 Transfusion requirements – cryopre-
cipitate (up to 24 hours) (units)

2   Mean Difference (IV, Ran-
dom, 95% CI)

Totals not select-
ed

1.8.1 Neonates and paediatrics 2   Mean Difference (IV, Ran-
dom, 95% CI)

Totals not select-
ed

1.9 Measurement of prothrombin time
within 2 hours of FFP or control infusion

5 210 Mean Difference (IV, Fixed,
95% CI)

-0.71 [-1.28,
-0.13]

1.10 Measurement of activated partial
thromboplastin time within 2 hours of
FFP or control infusion

8   Mean Difference (IV, Ran-
dom, 95% CI)

Totals not select-
ed

1.11 Measurement of fibrinogen concen-
tration within 2 hours of FFP or control
infusion

5   Mean Difference (IV, Ran-
dom, 95% CI)

Totals not select-
ed

1.12 Resource use: time in intensive care
unit

2   Mean Difference (IV, Ran-
dom, 95% CI)

Totals not select-
ed

1.13 Resource use: need for return to
theatre

7 398 Peto Odds Ratio (Peto,
Fixed, 95% CI)

0.81 [0.26, 2.57]

 
 

Analysis 1.1.   Comparison 1: Fresh frozen plasma versus no plasma, Outcome 1: Short-term mortality (up to 30 days)

Study or Subgroup

Chong Sung 2006
Kanbak 2011
Långström 2008
McCall 2004
Oliver 2003
Wilhelmi 2001

FFP
Events

0
0
0
0
1
0

Total

21
16

9
10
28
60

Control
Events

0
0
0
0
1
0

Total

21
16

8
10
28
60

Peto Odds Ratio
Peto, Fixed, 95% CI

Not estimable
Not estimable
Not estimable
Not estimable

1.00 [0.06 , 16.40]
Not estimable

Peto Odds Ratio
Peto, Fixed, 95% CI

0.01 0.1 1 10 100
Favours FFP Favours control
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Analysis 1.2.   Comparison 1: Fresh frozen plasma versus no
plasma, Outcome 2: Serious organ damage - myocardial infarction

Study or Subgroup

Wilhelmi 2001

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Test for subgroup differences: Not applicable

FFP
Events

0

0

Total

60

60

Control
Events

0

0

Total

60

60

Weight
Risk Ratio

M-H, Random, 95% CI

Not estimable

Not estimable

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours FFP Favours control

 
 

Analysis 1.3.   Comparison 1: Fresh frozen plasma versus no plasma, Outcome 3: Serious organ damage - renal failure

Study or Subgroup

Loeffelbein 2008

FFP
Mean

41.3

SD

4.3

Total

10

Control
Mean

89.6

SD

66.7

Total

10

Mean Difference
IV, Random, 95% CI

-48.30 [-89.73 , -6.87]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours control Favours FFP

 
 

Analysis 1.4.   Comparison 1: Fresh frozen plasma versus no plasma, Outcome
4: Bleeding in first 24 hours (adults - ml; neonates and paediatrics ml/kg)

Study or Subgroup

1.4.1 Neonates and paediatrics
Chong Sung 2006
Kyoung 2004
McCall 2004
Oliver 2003
Subtotal (95% CI)
Heterogeneity: Tau² = 4.33; Chi² = 5.09, df = 3 (P = 0.16); I² = 41%
Test for overall effect: Z = 0.88 (P = 0.38)

Test for subgroup differences: Not applicable

FFP
Mean

8.7
9.7
10

32.4

SD

3.9
4.9

7
17.6

Total

21
10
10
28
69

Control
Mean

9.9
10.3

10
51

SD

4.8
5.5

5
38

Total

21
10
10
28
69

Weight

44.5%
28.1%
23.3%

4.1%
100.0%

Mean Difference
IV, Random, 95% CI

-1.20 [-3.85 , 1.45]
-0.60 [-5.17 , 3.97]
0.00 [-5.33 , 5.33]

-18.60 [-34.11 , -3.09]
-1.46 [-4.70 , 1.78]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours FFP Favours control
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Analysis 1.5.   Comparison 1: Fresh frozen plasma versus no plasma, Outcome 5: Transfusion
requirements (volume) – red cells (up to 24 hours) (adults - ml; neonates and paediatrics ml/kg)

Study or Subgroup

1.5.1 Neonates and paediatrics
Chong Sung 2006
Kyoung 2004
Oliver 2003
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.53, df = 2 (P = 0.77); I² = 0%
Test for overall effect: Z = 0.23 (P = 0.82)

Test for subgroup differences: Not applicable

Control
Mean

7.5
9.6
7.5

SD

6
13.6
17.5

Total

17
10
28
55

FFP
Mean

7.6
10.3
4.5

SD

6.2
6.6
12

Total

17
10
28
55

Weight

68.3%
13.1%
18.6%

100.0%

Mean Difference
IV, Random, 95% CI

-0.10 [-4.20 , 4.00]
-0.70 [-10.07 , 8.67]
3.00 [-4.86 , 10.86]
0.40 [-2.99 , 3.79]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours control Favours FFP

 
 

Analysis 1.6.   Comparison 1: Fresh frozen plasma versus no plasma,
Outcome 6: Number of patients receiving a red cell transfusion

Study or Subgroup

Kanbak 2011
McCall 2004
Oliver 2003
Wilhelmi 2001

Total (95% CI)
Total events:
Heterogeneity: Chi² = 5.10, df = 2 (P = 0.08); I² = 61%
Test for overall effect: Z = 2.71 (P = 0.007)
Test for subgroup differences: Not applicable

FFP
Events

13
2
5

22

42

Total

13
10
29
60

112

Control
Events

13
0
6
7

26

Total

13
10
27
60

110

Weight

5.7%
27.2%
67.1%

100.0%

Peto Odds Ratio
Peto, Fixed, 95% CI

Not estimable
8.26 [0.48 , 142.43]

0.73 [0.20 , 2.71]
3.87 [1.68 , 8.89]

2.57 [1.30 , 5.08]

Peto Odds Ratio
Peto, Fixed, 95% CI

0.005 0.1 1 10 200
Favours FFP Favours control

 
 

Analysis 1.7.   Comparison 1: Fresh frozen plasma versus no plasma,
Outcome 7: Transfusion requirements – platelets (up to 24 hours) (units)

Study or Subgroup

1.7.1 Neonates and paediatrics
McCall 2004
Oliver 2003

FFP
Mean

0.9
2.1

SD

0.7
1.7

Total

10
28

Control
Mean

1
1.3

SD

0.7
1.6

Total

10
28

Mean Difference
IV, Random, 95% CI

-0.10 [-0.71 , 0.51]
0.80 [-0.06 , 1.66]

Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours FFP Favours control
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Analysis 1.8.   Comparison 1: Fresh frozen plasma versus no plasma, Outcome
8: Transfusion requirements – cryoprecipitate (up to 24 hours) (units)

Study or Subgroup

1.8.1 Neonates and paediatrics
McCall 2004
Oliver 2003

FFP
Mean

0.4
0.1

SD

0.8
0.8

Total

10
28

Control
Mean

2
0.1

SD

0.9
0.4

Total

10
28

Mean Difference
IV, Random, 95% CI

-1.60 [-2.35 , -0.85]
0.00 [-0.33 , 0.33]

Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours FFP Favours control

 
 

Analysis 1.9.   Comparison 1: Fresh frozen plasma versus no plasma, Outcome
9: Measurement of prothrombin time within 2 hours of FFP or control infusion

Study or Subgroup

Consten 1996
Kanbak 2011
McCall 2004
Oliver 2003
Snow 1982

Total (95% CI)
Heterogeneity: Chi² = 1.44, df = 4 (P = 0.84); I² = 0%
Test for overall effect: Z = 2.41 (P = 0.02)
Test for subgroup differences: Not applicable

FFP
Mean

16
13.38

16
15

12.2

SD

4.9
0.45

2
2.2

3.31

Total

24
16
10
28
26

104

Control
Mean

17
13.94

19
16.1
12.6

SD

5.1
1.37

8
2.6

4.08

Total

26
16
10
27
27

106

Weight

4.3%
65.9%
1.3%

20.3%
8.3%

100.0%

Mean Difference
IV, Fixed, 95% CI

-1.00 [-3.77 , 1.77]
-0.56 [-1.27 , 0.15]
-3.00 [-8.11 , 2.11]
-1.10 [-2.38 , 0.18]
-0.40 [-2.40 , 1.60]

-0.71 [-1.28 , -0.13]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours FFP Favours control

 
 

Analysis 1.10.   Comparison 1: Fresh frozen plasma versus no plasma, Outcome 10:
Measurement of activated partial thromboplastin time within 2 hours of FFP or control infusion

Study or Subgroup

Oliver 2003
Chong Sung 2006
Kyoung 2004
Kasper 2001
McCall 2004
Kanbak 2011
Consten 1996
Wilhelmi 2001

FFP
Mean

66.5
49

49.7
40
49

32.79
42
59

SD

33.3
11.5
13.7

6
18

8.69
34.29

7.4

Total

28
21
10
27
10
16
24
60

Control
Mean

94
60.5
59.2

48
50

29.49
36
40

SD

48.5
15.5
11.6

9
24

3.43
25.5

7

Total

27
21
10
29
10
16
26
60

Mean Difference
IV, Random, 95% CI

-27.50 [-49.56 , -5.44]
-11.50 [-19.75 , -3.25]

-9.50 [-20.63 , 1.63]
-8.00 [-11.98 , -4.02]
-1.00 [-19.59 , 17.59]

3.30 [-1.28 , 7.88]
6.00 [-10.86 , 22.86]
19.00 [16.42 , 21.58]

Mean Difference
IV, Random, 95% CI

-50 -25 0 25 50
Favours FFP Favours control
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Analysis 1.11.   Comparison 1: Fresh frozen plasma versus no plasma, Outcome 11:
Measurement of fibrinogen concentration within 2 hours of FFP or control infusion

Study or Subgroup

McCall 2004
Snow 1982
Oliver 2003
Kasper 2001
Lee 2013

FFP
Mean

1.95
2.58

0.996
1.8
1.7

SD

0.2
0.87

0.398
0.5

0.422

Total

10
26
28
27
26

Control
Mean

2.15
2.45

0.681
1.3

1.129

SD

0.42
0.64

0.289
0.4

0.295

Total

10
27
28
29
28

Mean Difference
IV, Random, 95% CI

-0.20 [-0.49 , 0.09]
0.13 [-0.28 , 0.54]
0.31 [0.13 , 0.50]
0.50 [0.26 , 0.74]
0.57 [0.38 , 0.77]

Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours control Favours FFP

 
 

Analysis 1.12.   Comparison 1: Fresh frozen plasma versus no
plasma, Outcome 12: Resource use: time in intensive care unit

Study or Subgroup

Oliver 2003
Wilhelmi 2001

FFP
Mean

6
2

SD

7.8
0.8

Total

28
60

Control
Mean

5.4
2

SD

2
0.8

Total

28
60

Mean Difference
IV, Random, 95% CI

0.60 [-2.38 , 3.58]
0.00 [-0.29 , 0.29]

Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours FFP Favours control

 
 

Analysis 1.13.   Comparison 1: Fresh frozen plasma versus no
plasma, Outcome 13: Resource use: need for return to theatre

Study or Subgroup

Chong Sung 2006
Kasper 2001
Kyoung 2004
Oliver 2003
Snow 1982
Trimble 1964
Trimble 1964
Wilhelmi 2001

Total (95% CI)
Total events:
Heterogeneity: Chi² = 6.37, df = 5 (P = 0.27); I² = 21%
Test for overall effect: Z = 0.35 (P = 0.72)
Test for subgroup differences: Not applicable

FFP
Events

0
2
0
1
1
0
0
1

5

Total

21
27
10
28
26
15
6

60

193

Control
Events

0
0
0
1
0
3
1
2

7

Total

21
29
10
28
27
23
7

60

205

Weight

16.9%

17.0%
8.6%

23.4%
8.6%

25.5%

100.0%

Peto Odds Ratio
Peto, Fixed, 95% CI

Not estimable
8.27 [0.50 , 135.86]

Not estimable
1.00 [0.06 , 16.40]

7.68 [0.15 , 387.26]
0.17 [0.02 , 1.88]
0.16 [0.00 , 7.96]
0.51 [0.05 , 4.97]

0.81 [0.26 , 2.57]

Peto Odds Ratio
Peto, Fixed, 95% CI

0.002 0.1 1 10 500
Favours FFP Favours control

 

 

A D D I T I O N A L   T A B L E S
 

  FFP Comparator

Table 1.   Blood loss 
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Blood loss at 24 hours: data reported as median values (with 25 and 75 percentiles)

Kasper 2001 - adults 630 ml (450 to 1840)

(n = 24)

830 ml (340 to 1980)

(n = 28)

Lee 2013 - infants (aged less than 12 months) 10.3 ml/kg (7.4 to 17.3)

(n = 26)

10 ml/kg (6.9 to 22.5)

(n = 28)

Lee 2013 - children (aged 1 to 16 years) 11.5 ml/kg (6.4 to 19.1)

(n = 34)

12.2 ml/kg (6.9 to 28.5)

(n = 33)

Blood loss: timing of measurement not reported

Consten 1996 - during postoperative ICU admission* 896 (104) ml

(n = 24)

776 (76) ml

(n = 26)

Kanbak 2011 - during postoperative ICU admission* 979 (497) ml

(n = 16)

1022 (424) ml

(n = 16)

Snow 1982 - during postoperative ICU admission.
Bleeding from 2 separate chest drains reported inde-
pendently*

Chest drain 1: 676 (449) ml

Chest drain 2: 200 (120) ml

(n = 26)

Chest drain 1: 531 (286) ml

Chest drain 2: 211 (155) ml

(n = 27)

Trimble 1964 - children** 120 ml

(n = 7)

135 ml

(n = 6)

Trimble 1964 - adults ** 400 ml

(n = 15)

500 ml

(n = 23)

Table 1.   Blood loss  (Continued)

* Data reported as mean values (with standard deviation).
** Data reported as mean values: no standard deviations reported and these data not sought due to the age of the trial.
FFP: fresh frozen plasma
ICU: intensive care unit
 
 

  FFP Comparator

Consten 1996 - red blood cell volume transfused during 24-hour postopera-
tive ICU admission*

608 (152) ml

(n = 24)

756 (79) ml

(n = 26)

Kasper 2001 - red blood cell transfusion requirements at 24 hours: adults** 1 unit red cells (range 0
to 3 units)

(n = 24)

3 units red cells (range 0
to 6 units)

(n = 28)

Lee 2013 - red blood cell transfusion requirements at 24 hours in ICU: infants
(aged less than 12 months)**

5 ml (0 to 42.5)

(n = 26)

12.5 ml (0 to 66.8)

(n = 28)

Table 2.   Transfusion requirements: red blood cells 
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Lee 2013 - red blood cell transfusion requirements at 24 hours in ICU: chil-
dren (aged 1 to 16 years)**

0 ml (0 to 120)

(n = 34)

0 ml (0 to 125)

(n = 33)

Wilhelmi 2001 - number of units of red blood cells transfused per patient in
the first 24 hours*

1.6 (2) units/patient

(n = 60)

0.6 (1) units/patient

(n = 60)

Snow 1982 - number of units of red blood cells transfused per patient over
admission*

3.00 (1.68) units/patient

(n = 26)

2.68 (1.67) units/patient

(n = 27)

Table 2.   Transfusion requirements: red blood cells  (Continued)

* Data reported as mean values (with standard deviation).
** Data reported as median values (with 25 and 75 percentiles).
FFP: fresh frozen plasma
ICU: intensive care unit
 
 

  FFP Comparator

Lee 2013 - platelet transfusion requirements at 24 hours in ICU: infants (aged
less than 12 months)*

0 ml (0 to 31.3)

(n = 26)

0 ml (0 to 36)

(n = 28)

Lee 2013 - platelet transfusion requirements at 24 hours in ICU: children (aged
1 to 16 years)*

0 ml (0 to 20)

(n = 34)

0 ml (0 to 30)

(n = 33)

McCall 2004 - number of donor exposures from platelets, per patient** 0.9 (0.7)

(n = 10)

1 (0.7)

(n = 10)

Oliver 2003 - platelet units transfused in the operating theatre and during the
first 24 hours in ICU **

2.1 (1.7)

(n = 28)

1.3 (1.6)

(n = 28)

Table 3.   Transfusion requirement: platelet usage 

*Data reported as median values (with 25 and 75 percentiles).
**Data reported as mean values (with standard deviation).
FFP: fresh frozen plasma
ICU: intensive care unit
 
 

  FFP Comparator

McCall 2004 - number of donor exposures from cryoprecipitate per patient 0.4 units ± 0.8 units

(n = 10)

2.0 units ± 0.9 units

(n = 10)

Oliver 2003 - number of cryoprecipitate units transfused in the operating
theatre and during the first 24 hours in ICU

0.1 units ± 0.8 units

(n = 28)

0.1 units ± 0.4 units

(n = 28)

Table 4.   Transfusion requirements: cryoprecipitate 

Data expressed as mean ± standard deviation.
FFP: fresh frozen plasma
ICU: intensive care unit
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  FFP Comparator

Kasper 2001 - percentage of expected prothrombin time after FFP (or com-
parator) infusion*

58% ± 10%

(n = 27)

46% ± 8%

(n = 29)

Kyoung 2004 - international normalised ratio at end of surgery* 1.44 ± 0.13

(n = 10)

2.01 ± 0.42

(n = 10)

Lee 2013 - prothrombin time after 24 hours in ICU: infants** 15.3 seconds (14 to 16.1
seconds)

(n = 26)

14.8 seconds (13.7 to 16.6
seconds)

(n = 28)

Lee 2013 - prothrombin time after 24 hours in ICU: children (aged 1 to 16
years)*

15 seconds ± 1.7 seconds

(n = 34)

15 seconds ± 1.9 seconds

(n = 33)

Wilhelmi 2001 - percentage of expected prothrombin time after admission
to ICU*

79% ± 9.3%

(n = 60)

74% ± 10.1%

(n = 60)

Table 5.   Measurement of coagulation: prothrombin time (PT) 

*Data reported as mean ± standard deviation.
**Data reported as median (interquartile range).
FFP: fresh frozen plasma
ICU: intensive care unit
 
 

  FFP Comparator

Lee 2013 - APTT level at 24 hours in ICU: infants (aged less than 12
months)*

34.4 secs (32.4 to 42.5)

(n = 26)

39 secs (34.7 to 47.4)

(n = 28)

Lee 2013 - APTT level at 24 hours in ICU: children (aged 1 to 16
years)*

31.8 secs (29.5 to 33.8)

(n = 34)

32.5 secs (29.4 to 34.8)

(n = 33)

Table 6.   Measurement of coagulation factors or tests: APTT 

*Data reported as median values (with 25 and 75 percentiles).
APTT: activated partial thromboplastin time
FFP: fresh frozen plasma
ICU: intensive care unit
 
 

  FFP Comparator

Kasper 2001 - fibrinogen concentration after FFP (or comparator) infu-
sion*

1.8 g/l ± 0.5 g/l

(n = 27)

1.3 g/l ± 0.4 g/l

(n = 29)

Lee 2013 - fibrinogen concentration after protamine administration: in-
fants*

1.70 g/l ± 0.422 g/l 1.129 g/l ± 0.295 g/l

Table 7.   Measures of coagulation: fibrinogen concentration 
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(n = 26) (n = 28)

Lee 2013 - fibrinogen concentration after protamine administration: chil-
dren (aged 1 to 16 years)**

1.54 g/l (1.388 to 1.933 g/
l)

(n = 34)

1.36 g/l (1.163 to 1.583 g/l)

(n = 33)

McCall 2004 - fibrinogen concentration after end of cardiopulmonary by-
pass*

1.23 g/l ± 0.2 g/l

(n = 10)

0.58 g/l ± 0.17 g/l

(n = 10)

Oliver 2003 - fibrinogen concentration 10 minutes after protamine ad-
ministration*

0.996 g/l ± 0.398 g/l

(n = 28)

0.681 g/l ± 0.289 g/l

(n = 28)

Snow 1982 - fibrinogen concentration in recovery room postoperatively* 2.58 g/l ± 0.87 g/l

(n = 26)

2.45 g/l ± 0.64 g/l

(n = 27)

Table 7.   Measures of coagulation: fibrinogen concentration  (Continued)

*Data reported as mean±standard deviation.
**Data reported as median (interquartile range).
FFP: fresh frozen plasma
 
 

Outcome Uniplas (blood
group A, B or AB)

(n = 25)

Uniplas (blood
group O)

(n = 11)

Octaplas (any
blood group)

(n = 19)

Short-term mortality (n) 0 0 2

Major complications: respiratory failure (n) 2 0 0

Major complications: myocardial infarction (n) 0 0 1

Major complications: stroke (n) 2 1 0

Major complications: renal failure (n) 1 0 1

Bleeding in first 24 hours: mean ± SD 854 (544) ml 946 (943) ml 993 (693) ml

Red cell transfusions (mean) 3.7 units 3.9 units 3.2 units

Platelet transfusions (mean) 0.48 units 0.36 units 0.42 units

Activated partial thromboplastin time: mean ± SD 46.5 seconds ±
21.03 seconds

41.11 seconds ±
9.48 seconds

36.88 seconds ±
5.28 seconds

Adverse events (n) 0 0 0

Return to theatre (n) 1 1 0

Table 8.   Tølløfsrud 2003: outcome data 

(n): number
SD: standard deviation
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A P P E N D I C E S

Appendix 1. Search strategies

CENTRAL

#1 MeSH descriptor: [Thoracic Surgery] explode all trees
#2 MeSH descriptor: [Cardiovascular Surgical Procedures] explode all trees
#3 MeSH descriptor: [Cardiopulmonary Bypass] explode all trees
#4 MeSH descriptor: [Thoracic Surgical Procedures] explode all trees
#5 MeSH descriptor: [Heart Bypass, LeL] explode all trees
#6 ((thoracic or cardiovascular or coronary or myocardial or pericardial or vascular or aorta or aorto* or valve or "ventricular reconstructive"
or "oM pump" or bypass) near/3 (surg* or operat*))
#7 ("heart failure surgery" or "hypertrophic cardiomyopathy surgery")
#8 (heart or aortocoronary or coronary or cardiopulmonary) near (bypass or "by pass") or CABG
#9 ((valve* or arter*) near (implant* or graL* or replac* or correct*))
#10 "myocardial revasculari*" or cavopulmonary
#11 angioplast* or (coronary near balloon*) or cardiomyoplast*
#12 ("mitral valve replacement*" or "aortic valve repair*" or "mitral valve repair*")
#13 ("maze surgery" or "arrhythmia surgery")
#14 ("carotid endarterectom*" or "heart transplant*")
#15 (ventricular near (surg* or restor* or reconstruct*))
#16 ((heart or cardiac or aortic) near (surg* or operat*))
#17 MeSH descriptor: [Cardiovascular Diseases] explode all trees with qualifier(s): [Surgery - SU]
#18 MeSH descriptor: [Aorta, Thoracic] explode all trees with qualifier(s): [Surgery - SU]
#19 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18
#20 MeSH descriptor: [Blood Transfusion] explode all trees
#21 MeSH descriptor: [Hemorrhage] explode all trees
#22 transfus* or bleed* or hemorrhag* or haemorrhag*
#23 (blood near/3 loss*) or bloodloss*
#24 #20 or #21 or #22 or #23
#25 MeSH descriptor: [Plasma] this term only
#26 plasma:ti
#27 ((pasteurized near/2 plasma) or (pasteurised near/2 plasma) or (methylene near/2 plasma) or (solvent near/2 plasma) or (detergent
near/2 plasma) or (cryoprecipitate near/2 plasma) or (supernatant near/2 plasma) or (cryosupernatant near/2 plasma)):ab
#28 #25 or #26 or #27
#29 #24 and #28
#30 SDFFP or MBFFP or uniplas* or octaplas* or FFP or FP24 or frischplasma or "clinical plasma"
#31 (plasma near/3 (fresh* or frozen or freeze* or prefrozen or prefreez* or thaw* or prethaw* or transfus* or infus* or treatment* or therap*
or administ* or donor* or donat* or autologous))
#32 ((pasteurized or pasteurised or methylene or solvent or detergent or cryoprecipitate or supernatant or cryosupernatant) and plasma):ti
#33 (plasma near/3 "pathogen inactivated") or (plasma near/3 "pathogen reduced")
#34 #29 or #30 or #31 or #32 or #33
#35 #19 and #34

MEDLINE (OvidSP)

1. exp Blood Transfusion/
2. exp Hemorrhage/
3. (transfus* or bleed* or hemorrhag* or haemorrhag*).tw.
4. ((blood adj3 loss*) or bloodloss*).tw.
5. or/1-4
6. Plasma/
7. plasma.ti.
8. ((pasteurized or pasteurised or methylene or solvent or detergent or cryoprecipitate or supernatant or cryosupernatant or thawed) adj2
plasma).ab.
9. or/6-8
10. 5 and 9
11. (SDFFP or MBFFP or uniplas* or octaplas* or FFP or FP24 or frischplasma or clinical plasma).ti,ab.
12. (plasma adj3 (fresh* or frozen or freez* or prefrozen or prefreez* or thaw* or prethaw* or transfus* or infus* or treatment* or therap*
or administ* or donor* or donat* or autologous)).tw.
13. ((pasteurized or pasteurised or methylene or solvent or detergent or cryoprecipitate or supernatant or cryosupernatant) and plasma).ti.
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14. (plasma adj3 (pathogen inactivated or pathogen reduced)).tw.
15. or/10-14
16. Thoracic Surgery/
17. exp Cardiovascular Surgical Procedures/
18. exp Thoracic Surgical Procedures/
19. Cardiopulmonary Bypass/ or Heart Bypass LeL/
20. ((thoracic or cardiovascular or coronary or myocardial or pericardial or vascular or aorta or aorto* or valve or ventricular reconstructive
or oM pump or bypass) adj3 (surg* or operat*)).tw.
21. ((heart or cardiac or aortic) adj5 (surg* or operat*)).tw.
22. ((heart or aortocoronary or coronary or cardiopulmonary) adj5 (bypass or by pass)).tw.
23. ((valve* or arter*) adj5 (implant* or graL* or replac* or correct*)).tw.
24. (myocardial revasculari* or cavopulmonary or CABG).tw.
25. (angioplast* or (coronary adj3 balloon*) or cardiomyoplast*).tw.
26. (mitral valve replacement* or aortic valve repair* or mitral valve repair*).tw.
27. (maze surgery or arrhythmia surgery).tw.
28. (carotid endarterectom* or heart transplant*).tw.
29. (ventricular adj5 (surg* or restor* or reconstruct*)).tw.
30. (heart failure surgery or hypertrophic cardiomyopathy surgery).tw.
31. Aorta Thoracic/su
32. exp Cardiovascular Diseases/su
33. or/16-32
34. 15 and 33
35. randomized controlled trial.pt.
36. controlled clinical trial.pt.
37. randomi*.tw.
38. placebo.ab.
39. clinical trials as topic.sh.
40. randomly.ab.
41. groups.ab.
42. trial.tw.
43. or/35-42
44. exp animals/ not humans/
45. 43 not 44
46. 34 and 43

EMBASE (OvidSP)

1. exp BLOOD TRANSFUSION/
2. exp BLEEDING/
3. (transfus* or bleed* or hemorrhag* or haemorrhag*).tw.
4. ((blood adj3 loss*) or bloodloss*).tw.
5. or/1-4
6. exp Plasma/
7. plasma.ti.
8. ((pasteurized or pasteurised or methylene or solvent or detergent or cryoprecipitate or supernatant or cryosupernatant or thawed) adj2
plasma).ab.
9. or/6-8
10. 5 and 9
11. Fresh Frozen Plasma/
12. Plasma Transfusion/
13. (plasma adj3 (fresh* or frozen or freez* or prefrozen or prefreez* or thaw* or prethaw* or transfus* or infus* or treatment* or therap*
or administ* or donor* or donat* or autologous)).tw.
14. (SDFFP or MBFFP or uniplas* or octaplas* or FFP or FP24 or frischplasma or clinical plasma).tw.
15. ((pasteurized or pasteurised or methylene or solvent or detergent or cryoprecipitate or supernatant or cryosupernatant) and plasma).ti.
16. (plasma adj3 (pathogen inactivated or pathogen reduced)).tw.
17. or/10-16
18. exp Thorax Surgery/
19. exp Cardiovascular Surgery/
20. Cardiopulmonary Bypass/
21. ((thoracic or cardiovascular or coronary or myocardial or pericardial or vascular or aorta or aorto* or valve or ventricular reconstructive
or oM pump or bypass) adj3 (surg* or operat*)).tw.
22. ((heart or cardiac or aortic) adj5 (surg* or operat*)).tw.
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23. ((heart or aortocoronary or coronary or cardiopulmonary) adj5 (bypass or by pass)).tw.
24. ((valve* or arter*) adj5 (implant* or graL* or replac* or correct*)).tw.
25. (myocardial revasculari* or cavopulmonary or CABG).tw.
26. (angioplast$ or (coronary adj3 balloon$) or cardiomyoplast$).tw.
27. (mitral valve replacement* or aortic valve repair* or mitral valve repair*).tw.
28. (maze surgery or arrhythmia surgery).tw.
29. (carotid endarterectom* or heart transplant*.tw.
30. (ventricular adj5 (surg* or restor* or reconstruct*)).tw.
31. (heart failure surgery or hypertrophic cardiomyopathy surgery).tw.
32. Thoracic Aorta/su
33. exp Cardiovascular Disease/su
34. or/18-33
35. 17 and 34
36. Randomized Controlled Trial/
37. Randomization/
38. Single Blind Procedure/
39. Double Blind Procedure/
40. Crossover Procedure/
41. Placebo/
42. exp Clinical Trial/
43. Prospective Study/
44. (randomi* or double-blind* or single-blind* or RCT*).tw.
45. (random* adj2 (allocat* or assign* or divid* or receiv*)).tw.
46. (crossover* or cross over* or cross-over* or placebo*).tw.
47. ((treble or triple) adj blind*).tw.
48. or/36-47
49. Case Study/
50. case report*.tw.
51. (note or editorial).pt.
52. or/49-51
53. 48 not 52
54. limit 53 to embase
55. 35 and 54

PubMed (epublications only)

#1 (plasma[TI] AND (fresh*[TI] OR frozen[TI] OR freez*[TI] OR prefrozen[TI] OR prefreez*[TI] OR thaw*[TI] OR prethaw*[TI] OR transfus*[TI]
OR infus*[TI] OR treatment*[TI] OR therapy[TI] OR therapeutic*[TI] OR administ*[TI] OR donor*[TI] OR donat*[TI] OR autologous[TI]
OR pasteurized[TI] OR pasteurised[TI] OR methylene[TI] OR solvent[TI] OR detergent[TI] OR cryoprecipitate[TI] OR supernatant[TI] OR
cryosupernatant[TI]))
#2 (SDFFP[TI] OR MBFFP[TI] OR uniplas*[TI] OR octaplas*[TI] OR FFP[TI] OR FP24[TI] OR frischplasma[TI] OR clinical plasma[TI] OR
pathogen reduced plasma[TI] OR pathogen inactivated plasma[TI])
#3 #1 OR #2
#4 (cardiac OR heart OR thoracic OR cardiovascular OR angioplasty* OR coronary OR myocardial OR pericardial OR vascular OR aorta OR
aortic OR aorto* OR valve OR ventricular OR oM pump OR bypass)
#5 (random* OR blind* OR "control group" OR placebo* OR controlled OR groups OR trial* OR "systematic review" OR "meta-analysis" OR
metaanalysis OR "literature search" OR medline OR cochrane OR embase) AND (publisher[sb] OR inprocess[sb] OR pubmednotmedline[sb])
#6 #3 AND #4 AND #5

Transfusion Evidence Library

Clinical Specialty: Cardiovascular Surgery AND Subject Area: Plasma/FFP

CINAHL (NHS Evidence)

1. exp Blood Transfusion/
2. exp Hemorrhage/
3. (transfus* or bleed* or hemorrhag* or haemorrhag*).ti,ab
4. ((blood adj3 loss*) or bloodloss*).ti,ab
5. or/1-4
6. Plasma/
7. plasma.ti
8. ((pasteurized or pasteurised or methylene or solvent or detergent or cryoprecipitate or supernatant or cryosupernatant or thawed) adj2
plasma).ab
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9. or/6-8
10. 5 and 9
11. (SDFFP or MBFFP or uniplas* or octaplas* or FFP or FP24 or frischplasma or clinical plasma).ti,ab
12. (plasma adj3 (fresh* or frozen or freez* or prefrozen or prefreez* or thaw* or prethaw* or transfus* or infus* or treatment* or therap*
or administ* or donor* or donat* or autologous)).ti,ab
13. ((pasteurized or pasteurised or methylene or solvent or detergent or cryoprecipitate or supernatant or cryosupernatant) and plasma).ti
14. (plasma adj3 (pathogen inactivated or pathogen reduced)).ti,ab
15. or/10-14
16. Thoracic Surgery/
17. exp Cardiovascular Surgical Procedures/
18. exp Thoracic Surgical Procedures/
19. Cardiopulmonary Bypass/ or Heart Bypass LeL/
20. ((thoracic or cardiovascular or coronary or myocardial or pericardial or vascular or aorta or aorto* or valve or ventricular reconstructive
or oM pump or bypass) adj3 (surg* or operat*)).ti,ab
21. ((heart or cardiac or aortic) adj5 (surg* or operat*)).ti,ab
22. ((heart or aortocoronary or coronary or cardiopulmonary) adj5 (bypass or by pass)).ti,ab
23. ((valve* or arter*) adj5 (implant* or graL* or replac* or correct*)).ti,ab
24. (myocardial revascular* or cavopulmonary or CABG).ti,ab
25. (angioplast* or (coronary adj3 balloon*) or cardiomyoplast*).ti,ab
26. (mitral valve replacement* or aortic valve repair* or mitral valve repair*).ti,ab
27. (maze surgery or arrhythmia surgery).ti,ab
28. (carotid endarterectom* or heart transplant*).ti,ab
29. (ventricular adj5 (surg* or restor* or reconstruct*)).ti,ab.
30. (heart failure surgery or hypertrophic cardiomyopathy surgery).ti,ab
31. Aorta Thoracic/su
32. exp Cardiovascular Diseases/su
33. or/16-32
34. 15 and 33
35. exp Clinical Trials/
36. Clinical Trial.pt.
37. (controlled trial* or clinical trial*).ti,ab
38. (singl* blind* or doubl* blind* or trebl* blind* or tripl* blind* or singl* mask* or doubl* mask* or trebl* mask* or tripl* mask*).ti,ab
39. randomi*.ti,ab
40. Random Assignment/
41. (random* adj2 (assign* or allocat*)).ti,ab
42. (phase three or phase III or phase three).ti,ab
43. Placebos/
44. Quantitative Studies/
45. or/35-44
46. 34 and 45

LILACS

tw:((ti:(plasma OR FFP)) AND (tw:(cardiac OR heart OR thoracic OR cardiovascular OR coronary OR thoracic OR angioplasty OR
myocardial OR pericardial OR vascular OR aorta OR aortic OR ventricular OR bypass))) AND (instance:"regional") AND ( db:("LILACS") AND
type_of_study:("clinical_trials"))

IndMed

(plasma OR FFP) AND (cardiac OR heart OR thoracic OR cardiovascular OR coronary OR thoracic OR cardiovascular OR angioplasty OR
myocardial OR pericardial OR vascular OR aorta OR aortic OR ventricular OR bypass) AND (randomized OR randomised OR randomly OR
blind OR blinded OR trial OR allocated OR allocated OR assigned OR control group OR controlled study OR intervention))

KoreaMed

"Randomized Controlled Trial" [PT] AND plasma [ALL] AND transfusion [ALL] OR

"Randomized Controlled Trial" [PT] AND plasma [TI] OR

"Randomized Controlled Trial" [PT] AND FFP [ALL]

PakMediNet

(trial OR randomized OR randomised) AND (plasma OR FFP OR transfusion)
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Web of Science: Conference Proceedings Citation Index - Science (CPCI-S), 1990 to present

TOPIC: (FFP OR (plasma NEAR/3 (fresh* or frozen or freez* or prefrozen or prefreez* or thaw* or prethaw* or transfus* or infus* or therapy
or therapeutic or administ* or donor* or donat* or autologous or pasteurized or pasteurised or methylene or solvent or detergent or
cryoprecipitate or supernatant or cryosupernatant))) AND TOPIC: ((cardiac OR heart OR thoracic OR cardiovascular OR coronary OR
cardiovascular OR angioplasty OR myocardial OR pericardial OR vascular OR aorta OR aortic OR ventricular OR "oM pump" OR bypass))
AND TOPIC: ((randomi* OR randomly OR blind* OR trial OR allocat* OR assign* OR "control group" OR "controlled study" OR intervention))

WHO ICTRP search portal

Title: fresh plasma OR frozen plasma OR plasma transfusion OR plasma infusion OR thawed plasma OR donor plasma OR donated plasma
OR autologous plasma OR FFP
Condition: cardiac OR heart OR thoracic OR cardiovascular OR coronary OR angioplasty OR myocardial OR pericardial OR vascular OR aorta
OR aortic OR ventricular OR bypass
OR
Title: fresh plasma OR frozen plasma OR plasma transfusion OR plasma infusion OR thawed plasma OR donor plasma OR donated plasma
Intervention: cardiac OR heart OR thoracic OR cardiovascular OR coronary OR angioplasty OR myocardial OR pericardial OR vascular OR
aorta OR aortic OR ventricular OR bypass

ClinicalTrials.gov

Search Terms: "fresh plasma" OR "frozen plasma" OR "plasma transfusion" OR "plasma infusion" OR "thawed plasma" OR "donor plasma"
OR "donated plasma" OR "autologous plasma" OR FFP
Study Type: Interventional Studies
Conditions/Interventions: cardiac OR heart OR thoracic OR cardiovascular OR coronary OR angioplasty OR myocardial OR pericardial OR
vascular OR aorta OR aortic OR ventricular OR bypass

ISRCTN Register and PakMediNet

"fresh plasma" OR "frozen plasma" OR "plasma transfusion" OR "plasma infusion" OR "thawed plasma" OR "donor plasma" OR "donated
plasma" OR "autologous plasma" OR FFP

EUDRACT

("fresh plasma" OR "frozen plasma" OR "plasma transfusion" OR "plasma infusion" OR "thawed plasma" OR "donor plasma" OR "donated
plasma" OR "autologous plasma" OR FFP) AND (cardiac OR heart OR thoracic OR cardiovascular OR coronary OR angioplasty OR myocardial
OR pericardial OR vascular OR aorta OR aortic OR ventricular OR bypass)

W H A T ' S   N E W

 

Date Event Description

25 August 2021 Review declared as stable A search in February 2018 identified two new studies. This new
information is unlikely to change the review's findings (as as-
sessed by the authors). According to the review authors, there is
no new sufficient evidence since then the last search to warrant
an update of the review. 

The editorial team agrees with this topic not being an active area
of research and has concluded that this review is not due for up-
dating.

 

H I S T O R Y

Protocol first published: Issue 1, 2009
Review first published: Issue 7, 2015

C O N T R I B U T I O N S   O F   A U T H O R S

MD and SS were (transfusion) content experts for the review.

RS was a (cardiac surgery) content expert for the review.
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MD and RS undertook the screening and selection of trials, data extraction, assessment of risk of bias and analysis of results, and led the
preparation of the final report.

SB was the methodological expert for this review and initially project managed the review, provided support and training to MD and RS,
and provided support with data analysis and the preparation of the final report.

CD was the information specialist who developed and implemented the search strategies and undertook the first siL of identified
references.

MT was the statistical advisor for the review.

MT and SS contributed to the data analysis.

SB, MT and SS helped to prepare the final report.

AM and IA were content experts for the protocol stage of the review, contributed to the development of the protocol, commented on the
final version of the review and developed the 'Summary of findings' table.

D E C L A R A T I O N S   O F   I N T E R E S T

MD: None known.

RS: None known.

SB: None known.

CD: None known.

MT: My role as a statistical editor/referee for 4 Cochrane groups (Anaesthesia, Wounds, Breast Cancer, and Sexually Transmitted Infections),
and previous editorial work with the Injuries Group, are independent to my involvement in this review. I declare that my involvement here
as an author has no related financial relationships.

AM: None known.

IA: None known.

SS: None known.

S O U R C E S   O F   S U P P O R T

Internal sources

• National Blood Service, Research and Development, UK

External sources

• Department of International Development (DFID), UK

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

Plasmapheresis and plasma exchange are specialised techniques in which patient plasma is removed and fractionated in an apheresis
machine, and replaced by other solutions. These replacement solutions may include (allogeneic) FFP (or other agent such as human
albumin solution), and are then re-infused into the patient. The principle aim of this therapy is the removal of a component in blood from
the patient, rather than the transfusion of FFP as a source of supplementary pro-coagulant factor. Consequently, we excluded studies of
plasmapheresis and plasma exchange from this review.

The protocol (types of interventions) diMerentiates between FFP compared with no FFP, and FFP compared with an active comparator,
be that clinical plasma (any type) or a plasma-derived blood product (for example, prothrombin complex concentrate). We discussed
separating the analysis of data in this way both before and aLer data were extracted from the included studies, but decided on both
occasions that there was no clinical justification for this separation at the data analysis stage. As a result the data have been analysed and
presented as FFP versus any comparator. We have assessed the statistical heterogeneity of the data that were pooled in a meta-analysis

and looked into this further when the I2 value was greater than 50% (as pre-specified in the protocol).

We used a PRISMA flow chart in this review in preference to a QUORUM flow chart, as PRISMA flow charts have largely replaced QUORUM
flow charts (Boccia 2009).
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In the protocol we made plans to assume a worst-case scenario analysis of the main outcome (in hospital or 30-day mortality) if patients
were lost to follow-up. Such an analysis would assume that those patients who were lost to follow-up in the treatment group had the
worse outcome while patients lost to follow-up in the control group had the best outcome. Given the low mortality rate in the studies that
reported this outcome, we removed this analysis, as it was felt to be misleading.

Methods for future updates

For future updates of this review, we will analyse separately trials including or excluding patients receiving preoperative medications with
major eMects on the coagulation system (e.g. anticoagulant, antiplatelet agents). There were insuMicient data found in this review, but if
data are suMicient in future updates of this review, we will undertake meta-regression.

There were not suMicient data for subgroup analysis in this review but we will assess the following subgroups in future updates of this
review if there are suMicient data:

• type of surgical procedure;

• type of plasma component used; and

• dose of plasma component used.

For future reviews we will explore the robustness of the overall results to variation in the following factors if there are suMicient data:

• study quality;

• nature of the intervention/comparator;

• types of participants with reference to the complexity of surgery/intervention (whether major or minor).

The first is a commonly applied approach in Cochrane reviews, responding to concerns about the exaggeration of treatment eMects in
studies with poorly conducted randomisation. The second recognises the intrinsic complexity of all interventions in transfusion medicine.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Blood Loss, Surgical  [prevention & control];  Cardiovascular Surgical Procedures  [*mortality];  Elective Surgical Procedures  [mortality]; 
Erythrocyte Transfusion;  *Hemostasis, Surgical;  *Plasma;  Randomized Controlled Trials as Topic;  Risk Assessment

MeSH check words

Adult; Child; Humans; Infant, Newborn
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