British Journal of Anaesthesia, 118 (6): 823-33 (2017)

‘] doi: 10.1093/bja/aex100

Advance Access Publication Date: 14 May 2017
Review Article

REVIEW ARTICLE

Routine use of viscoelastic blood tests for diagnosis and
treatment of coagulopathic bleeding in cardiac surgery:
updated systematic review and meta-analysis

G. F. Serraino® and G. J. Murphy

Department of Cardiovascular Sciences and National Institute for Health Research Leicester Biomedical
Research Unit in Cardiovascular Medicine, University of Leicester, Clinical Sciences Wing, Glenfield General
Hospital, Leicester LE3 9QP, UK

*Corresponding author. E-mail: gfs3@le.ac.uk

Abstract

Viscoelastic point-of-care tests are commonly used to provide prompt diagnosis of coagulopathy and allow targeted treat-
ments in bleeding patients. We updated existing meta-analyses that have evaluated the clinical effectiveness of viscoelastic
point-of-care tests vs the current standard of care for the management of cardiac surgery patients at risk of coagulopathic
bleeding. Randomized controlled trials comparing viscoelastic point-of-care diagnostic testing with standard care in cardiac
surgery patients were sought. All-cause mortality, blood loss, reoperation, blood transfusion, major morbidity, and intensive
care unit and hospital length of stay were analysed using random-effects modelling. Fifteen trials that randomized a total of
8737 participants were included for the analysis. None of the trials was classified as low risk of bias. The use of thromboelas-
tography- (TEG®) or thromboelastometry (ROTEM®)-guided algorithms did not reduce mortality [risk ratio (RR) 0.55, 95% con-
fidence interval (CI) 0.28-1.10] without heterogeneity (I>=1%), reoperation for bleeding, stroke, ventilation time, or hospital
length of stay compared with standard care. Use of TEG® or ROTEM® resulted in reductions in the frequency of red blood cell
(Risk Ratio 0.88, 95% Confidence Interval 0.79-0.97; I°=43%) and platelet transfusion (Risk Ratio 0.78, 95% Confidence Interval
0.66-0.93; [*=0%). Group Reading Assessment and Diagnostic Evaluation (GRADE) assessment demonstrated that the quality
of the evidence was low or very low for all estimated outcomes. Routine use of viscoelastic point-of-care tests did not
improve important clinical outcomes beyond transfusion in adults undergoing cardiac surgery.
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Coagulopathic bleeding is a common and severe complication
of cardiac surgery. Up to 5% of all cardiac surgery patients
require emergency re-exploration for bleeding in the immediate
postoperative period.” This is associated with a four-fold
increase in mortality and resource use.”* Viscoelastic point-of-

care whole blood tests provide rapid quantitative assessments
of global clotting and are commonly used to provide prompt
diagnosis of coagulopathy and allow targeted treatment in
bleeding patients. Existing National Institute for Health and
Care Excellence (NICE) guidance recommends their routine use
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Editor’s key points

¢ Viscoelastic testing of whole blood coagulation is widely
used to diagnose coagulopathic bleeding and guide
treatment in cardiac surgery patients.

* In a systematic review and meta-analysis of random-

ized controlled trials, use of viscoelastic testing reduced

red blood cell and platelet transfusion, but had no effect

on mortality or major morbidity, except acute kidney

injury.

Viscoelastic testing is not effective in reducing mortality

in cardiac surgery, and further large trials are unlikely

to show such a benefit.

in the management of bleeding cardiac surgery patients.’
A recent Cochrane review concluded that the existing trial evi-
dence was insufficient to demonstrate that use of Viscoelastic
testing improved clinical outcomes.® They recommended that a
pragmatic multicentre randomized controlled trial (RCT) at low
risk of bias be performed to address this knowledge gap.
Karkouti and colleagues’ have recently published such a trial,
enrolling 7402 patients in 12 Canadian hospitals. The aim of the
present study was to update existing meta-analyses that have
evaluated viscoelastic tests to include this new evidence, and
assess whether this will allow clearer conclusions with respect
to the clinical benefits of these devices in cardiac surgery.

Methods

Protocol and registration

Search methods, data extraction, assessment, and presentation
were performed as recommended by the Cochrane Handbook
for Systematic Reviews of Interventions (Version 5.1).° The anal-
ysis was specified in advance and documented on PROSPERO
International prospective register of systematic reviews
(CRD:42016033831) on January 31, 2016; http://www.crd.york.ac.
uk/PROSPERO/display_record.asp?ID=CRD42016033831
(accessed on January 1, 2017).

Eligibility criteria

Randomized controlled trials irrespective of blinding, language,
publication status, date of publication, and sample size were con-
sidered eligible for this study. Participants of any age undergoing
cardiac surgery for acquired or congenital disease or aortovascular
disease with or without cardiopulmonary bypass were considered.
No age restriction was applied. There were no exclusion criteria.

Type of intervention

We assessed trials evaluating the risks and benefits of the fol-
lowing viscoelastic point-of-care testing devices for coagulop-
athy: ROTEM (ROTEM® Delta; TEM International GmbH, Munich,
Germany; www.rotem.de (accessed on January 18, 2017)),
thromboelastography (TEG; TEG® 5000 analyser; Haemonetics
Corporation, Niles, IL, USA; www.haemonetics.com (accessed
on January 15, 2017)), or Sonoclot® Coagulation and Platelet
Function Analyzer (Sienco Inc., CO, USA), alone or combined
with platelet function testing.

Comparator

The comparator is represented by a combination of clinical judge-
ment and standard laboratory tests, including prothrombin time
(PT), activated partial thromboplastin time (aPTT), activated clot-
ting time, and plasma fibrinogen concentrations. We did not dis-
tinguish between these comparators for the purpose of this review.

Outcome measures

The primary outcome was 30 day or hospital all-cause mortality.
The secondary outcomes were adverse events, including the fol-
lowing: reoperation for bleeding; red blood cell (RBC), platelet,
fresh frozen plasma, fibrinogen, and prothrombin complex con-
centrate transfusion; acute kidney injury; cerebrovascular acci-
dent (stroke); myocardial infarction; ventilation time; and
intensive care unit (ICU) and hospital length of stay (LoS).

Information sources

Potentially eligible trials were identified by searching the
Cochrane Central Register of Controlled Trials (CENTRAL;
Internet), Clinical Trials.gov, MEDLINE (PubMed 1946 to present),
EMBASE (Ovid 1975 to present), and the Cumulative Index to
Nursing and Allied Health Literature (CINAHL) Plus (1979 to
present), using a combination of subject headings and text
words to identify relevant trials (see Supplementary material for
detailed PubMed search criteria). The last search was run on
December 3, 2016. In addition to searching databases, we
searched in trials registries and we checked reference lists.

Study selection and data items

Two reviewers (GJ.M., G.F.S.) identified trials for inclusion inde-
pendently of each other. Excluded studies and reasons for exclu-
sion were recorded. Two authors independently screened search
output to identify records of potentially eligible trials examining
outcomes, the full texts of which were retrieved and assessed for
inclusion. A standardized form was used to extract data from
included studies for assessment of study quality and evidence syn-
thesis. Extracted information included the following: year and lan-
guage of publication; country of participant recruitment; year of
conduct of the trial; study setting (university teaching hospital,
non-university teaching hospital); study population, with inclusion
and exclusion criteria; sample size; participant characteristics;
baseline characteristics; type of surgery; outcomes and times of
measurement; and information for assessment of the risk of bias.

Data extraction forms were completed by one author and
checked by a second author. Likewise, quality assessment was
done by one author and checked by a second.

Risk of bias in individual studies

The methodological quality of randomized trials was assessed
using the Cochrane Collaboration’s tools for assessing risk of
bias in parallel group’ and cluster'® randomized trials. The
items assessed for parallel group trials were as follows:
(i) sequence generation,; (ii) allocation concealment; (iii) blinding
of outcome assessor; (iv) incomplete outcome data; (v) selective
outcome reporting; and (vi) other sources of bias, including fun-
der bias. Risk of bias was graded as unclear, high, or low. We
graded sealed opaque envelopes as unclear evidence of alloca-
tion concealment. We also considered the absence of a
prespecified protocol or trial registration of trial design as
unclear evidence of reporting bias. Risk of bias in cluster-
randomized trials was assessed as follows: (i) recruitment bias;
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(ii) baseline imbalance; (iii) loss of clusters, incorrect analysis;
and (iv) comparability with individually randomized trials.

Reporting bias

Where 10 or more studies are identified for each outcome, publi-
cation was assessed by the visual assessment of funnel plots
and Egger’s test.”

Missing data

We performed an intention-to-treat analysis where possible.
For dichotomous data presented only as percentages, we esti-
mated frequencies using reported sample sizes for this out-
come. For continuous outcomes, if the mean and sp were not
available from the trial report, we sought this information from
the trial authors. When this information was still not available,
we calculated the mean and spb from the median (interquartile
range) using the software available in Review Manager Version
5.2.

Heterogeneity

We anticipated that major sources of clinical heterogeneity
would be associated with different patient groups, use of differ-
ent goal directed algorithms, use of co-interventions such as
restrictive transfusion thresholds, and differences in methodol-
ogy used to assess coagulative dysfunction. We explored hetero-
geneity within each meta-analysis using a ;* test with
significance set at a P<0.10. We expressed the percentage of het-
erogeneity attributable to variation rather than to chance as 2.
We defined heterogeneity as follows: [’=0-40%, no or mild het-
erogeneity; 1’=40-80%, moderate heterogeneity; and 1*>80%,
severe heterogeneity. In the presence of severe heterogeneity,
meta-analysis was not performed.

Data synthesis

Meta-analysis was performed using the software package
Review Manager version 5.2 and in accordance with recommen-
dations of the Cochrane Handbook for Systematic Reviews of
Intervention.® As a result of the inclusion of multiple small
studies with significant heterogeneity, we presented the results
of our random-effects models for the primary analyses. We also
compared results of a random-effects model with a fixed-effects
model to assess effects of small studies. Pooled effect estimates
were expressed as risk ratios (RR) with the 95% confidence inter-
val (CI). For continuous outcomes, we pooled mean differences
(MD) or standardized mean differences (SMD) with 95% CI by
using the inverse variance method.

Subgroup analyses were performed for different viscoelastic
point-of-care testing devices and by participant group; coronary
artery bypass graft (CABG) vs non-CABG. The test for subgroup
differences with Review Manager was used, with a value of
P<0.05 considered statistically significant.

Sensitivity analysis excluded trials with high risk of bias for
any of the following: random sequence generation; allocation
concealment; blinding of participants; health-care providers or
outcome assessors; incomplete outcome data; attrition; and
other sources of bias, including source of funder.

We presented the main results of the review in a ‘summary
of findings’ table. We included the following outcomes: risk of
mortality; risk of reoperation and bleeding; risk of RBC, FFB, and
platelet transfusion; and resource use (ICU and hospital LoS).

We used GRADEpro software to prepare the ‘summary of
findings’ table. We judged the overall quality of evidence for
each outcome as ‘high’, ‘moderate’, ‘low’, or ‘very low’ according
to the GRADE (Grades of Recommendation, Assessment,
Development, and Evaluation) approach. We considered the fol-
lowing: impact of risk of bias of individual trials; precision of
pooled estimate; inconsistency or heterogeneity (clinical, meth-
odological, and statistical); indirectness of evidence; and impact
of selective reporting and publication bias on effect estimate.

Results

A total of 5125 abstracts were retrieved from the searches
(Supplementary Fig. S1). There were 4570 articles excluded for
duplicate publication, animal study, and reviews, and there
were 533 articles excluded on the basis of title and abstracts. A
total of 22 relevant publications were retrieved for further
assessment. Fifteen trials that randomized a total of 8737 partic-
ipants met the inclusion criteria and were included in the analy-
sis.” *?° Two of the included studies were published in abstract
form.” ?? The two review authors (G.J.M., G.F.S.) agreed on the
selection of included studies. Key characteristics of individual
studies are described in Table 1.

Included studies

Of the 15 trials identified, 13 enrolled adults undergoing CABG
(n=2)," * mixed cardiac surgery (n=10),” */ *® ?°?® or surgery on
the thoracic aorta (n=1),"® and two enrolled children undergoing
surgery for congenital disease.”” '° The sample size ranged from
22 to 7402. The largest trial, which enrolled more patients (7402)
than all previous trials, was a multicentre stepped wedge cluster
RCT.” To adjust for the stepped wedge cluster design, we recalcu-
lated the effective sample size for this trial according to the recom-
mendations in the Cochrane Handbook," using the intracluster
coefficient calculation of 0.095 stated in the trial methods.”

All trials evaluated the efficacy of blood management algo-
rithms based on viscoelastic test results. One trial® evaluated
ROTEG®, seven trials evaluated ROTEM®, 7 1¢ 77 1921 22 25 g d seven
trials evaluated TEG®.*>"*® 20 2 2% 26 Blood management in controls
was at the clinicians’ discretion in combination with standard lab-
oratory tests in eight trials,”® '© *® 2° ?22* 26 gtandard laboratory
tests alone in six trials,” ** ¥ *° ?! 2> and clinical judgement alone
in one trial.” Ten trials provided data on length of follow-up ” ** **
18192122 24°25 that ranged from 24 h to 3yr.

Excluded studies

Seven trials that met our inclusion criteria were excluded after
review of the full manuscript (Supplementary Table S1). Four stud-
ies were excluded because of insufficient data to judge the study
design.”’*° One trial®* used viscoelastic testing algorithms in the
control group, and one*” randomized abdominal aortic aneurysm
surgeries. Two trials (NCT00772239; NCT01218074) were published
only as protocols without any data available.

Risk of bias

The trial by Karkouti and colleagues’ was judged to be at low
risk of bias for the domains recruitment bias, baseline imbal-
ance, loss of clusters, and incorrect analysis. No trial was judged
to be at low risk of bias. Bias domains are presented in the ‘risk
of bias’ graph and a ‘risk of bias’ summary figure (Fig. 1) and
online Supplementary material.
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B Random sequence generation (selection bias) _
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Blinding of outcome assessment (detection bias) _
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _
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Fig 1 Risk of bias summary for individual studies (A) and all studies (B).

Sequence generation

Random sequence generation was adequate in four trials,’® *7 2 2°

unclear in eight trials,">™> *7 18 21 22 26 gnd with high risk of bias in
two trials.”® **

Allocation concealment

13-19 21-26

Allocation concealment was unclear in 13 trials and

with high risk in one trial >

Blinding

There was evidence of blinding of patients and clinical staff car-
ing for patients in two trials,”® ** unclear evidence in five tri-
als,”” ' ?! 2% and evidence of lack of blinding in seven trials.'**®
2022 25 26 There was evidence of blinding of outcome assessors
in two trials,"* ** unclear evidence of blinding of outcome asses-
sors in seven trials,*® */7*° 2! 23 2° anq high risk of detection bias
in five trials.’® 120 22 2°
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Incomplete outcome data

Nine trials reported completeness of follow-up for the primary
outcome,® 1* 16 19721 24 26 Al yeported <10% loss to follow-up.
Three trials that failed to report completeness of follow-up were
considered to be at high risk of attrition bias.” ?* ?* Insufficient
reporting of attrition or exclusion to permit a judgement was
detected in two trials.”” *®

Selective reporting

Three trials were published only as an abstract; in these trials,
some outcomes were not reported, or treatment effects were
not reported,'” ** ?” and thus were considered to be at high risk.
All others trials but one’ were considered at unclear risk
because we were unable to retrieve the original protocols or evi-
dence of publication in a trial registry.

Other potential sources of bias

Nine trials disclosed funding source.” ** 1* 18 19 21 2224 25 Of thege,

three trials were at risk of funder bias.” *° ?° For the remaining
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studies, funding was defined as unknown. Sample size calcula-
tion was reported in eight trials.” *? 14 6 20 23725

Effects of interventions

A summary of findings for the main comparison TEG® or
ROTEM® vs usual care for patients undergoing cardiac surgery is
reported in Supplementary Table S2.

Primary outcome

Hospital mortality was reported in seven trials.”® ' 19 2! 2325

Mortality was lower in patients treated with TEG®- or ROTEM®-
guided algorithms (12/350) vs controls (23/339); however, this
was not statistically significant (RR 0.55, 95% CI 0.28-1.10, I’=1%;
i° test for heterogeneity, P=0.40; Fig. 2A).

Secondary outcomes

Bleeding and transfusion

Eleven RCTs reported data on the number of patients transfused
with allogenic RBCs.” *37%¢ 18 19 21 24726 Re( blood cell transfusion
was reduced in patients treated with VE testing algorithms with
some heterogeneity (RR 0.88, 95% CI 0.79-0.97; I’=43%; ; test for
heterogeneity, P=0.06; Fig. 2B). Exclusion of the trial by Karkouti
and colleagues’ did not alter the summary effect estimate or
heterogeneity (RR 0.86, 95% CI 0.76-0.96; [*>=52%; y* test for het-
erogeneity, P=0.03).

Eight RCTs reported data on the number of patients receiving
fresh frozen plasma.’ '? 1 16 19 21 24 25 The summary effects esti-
mate for VE testing vs controls was RR 0.68, 95% CI 0.46-1, with
significant heterogeneity (I°’=79%; ;> test for heterogeneity,
P=0.0001; Fig. 2C). Exclusion of the trial by Karkouti and col-
leagues’ did not significantly alter the summary effect estimate
or reduce heterogeneity (RR 0.62, 95% CI 0.38-0.99; [*=84%; *
test for heterogeneity, P=0.05).

Ten RCTs reported data on the number of patients receiving
platelet transfusion.” #71¢ 18 19 21 24 25 (Jge of VE tests resulted in
a significant reduction in the number of patients receiving pla-
telet transfusions (RR 0.78, 95% CI 0.66-0.93; [’=0%; y° test for
heterogeneity, P=0.06; Fig. 2D). Exclusion of the trial by Karkouti
and colleagues’ did not alter these findings (RR 0.76, 95% CI
0.63-0.91; ’=0%; 1* test for heterogeneity, P=0.003).

Four trials evaluated fibrinogen administration.” '© > 2> All four
reported no difference between the VE algorithm group compared
with the control group in the volume of fibrinogen transfused. Two
of these trials provided dichotomous data on the number of
patients who received fibrinogen in each intervention group.’® *
The summary effects estimate for VE testing vs controls was RR
0.94, 95% CI 0.76-1.17; I’=22%; 5 test for heterogeneity, P=0.59, sug-
gesting no difference between groups (Supplementary Fig. S2A).

Four trials evaluated prothrombin complex concentrate
administration.” *® %> > Two of these trials provided dichotomous
data on the number of patients who received prothrombin com-
plex concentrate in each intervention group.'® ** The summary
effects estimate for VE testing vs controls was RR 0.39, 95% CI 0.07—-
2.16; ’=91%; 1* test for heterogeneity, P=0.28, suggesting no differ-
ence between treatment groups (Supplementary Fig. S2B).

Nine trials reported the number of patients who required
reoperation for bleeding.'® '* ¢ 17 20 2! 2325 Uge of VE testing
resulted in reductions in the number of reoperations for bleeding,
but this effect did not reach statistical significance (RR 0.82, 95% CI
0.55-1.23; I’=0%; y* test for heterogeneity, P=0.63; Fig. 2E).

Major morbidity

Four trials"® '® ?* ?° reported the number of patients with severe
AKI. The use of VE testing reduced the frequency of severe AKI
us controls with moderate heterogeneity (RR 0.42, 95% CI 0.20-
0.86; [*’=26%; P=0.02; Supplementary Fig. S2C).

Two trials’® ?* evaluated the number of patients with cere-
brovascular accident. There was no difference between VE test-
ing and controls with respect to the frequency of stroke (RR 1.73,
95% CI 0.41-7.23; ’=0%; P=0.45; Supplementary Fig. S2D).

Three trials’® '® ?* provided continuous data (mean, sp) on
ventilation time. Meta-analysis demonstrated shorter ventila-
tion times in the VE testing group, but this was not statistically
significant (MD 0.28, 95% CI —0.66 to 1.23; ’=0%; P=0.56;
Supplementary Fig. S2E).

Resource use

Intensive care unit length of stay

The ICU LoS was reported in three studies.'® '® ?* The ICU LoS was
shorter in patients randomized to TEG®- or ROTEM®-guided algo-
rithms vs controls, but this was not statistically significant (MD
—31.76h, 95% CI —94.68 to 31.17; [>=59%; P=0.32; Supplementary
Fig. S2F).

Hospital length of stay

Hospital LoS was reported in three studies.’® *® ** Hospital LoS
was shorter in patients randomized to TEG®- or ROTEM®-guided
algorithms vus controls, but this was not statistically significant,
with moderate heterogeneity (MD —3.11 days, 95% CI —9.57 to
3.34; [’=69%; P=0.34; Supplementary Fig. $2G).

Publication bias

For two outcomes (RBC and fresh frozen plasma transfusion)
there were sufficient numbers of trials providing data (10 or
more studies identified for each outcome) for evaluation of pub-
lication bias. The funnel plot of standard error vs risk ratio for
RBC transfusion showed an asymmetrical distribution and a
regression test for funnel plot asymmetry model: z=-2.21,
P<0.026 (random-effects version of Egger’s test) indicating likely
publication bias (Supplementary Fig. S3A). The funnel plot of
standard error us risk ratio for platelet transfusion showed a
symmetrical distribution and a regression test for funnel plot
asymmetry model: z=0.22, P=0.818 (random-effects version of
Egger’s test) that indicated no publication bias (Supplementary
Fig. S3B). Exclusion of the trial by Karkouti and colleagues’ did
not alter these findings (P=0.015 for RBC transfusion and 0.724
for platelet transfusion).

Sensitivity analyses

Sensitivity analysis were not conducted because none of the
included trials was considered at low risk of bias. Summary
effect estimates from fixed-effects models did not materially
alter our results.

Subgroup analyses

Results of subgroup analyses for TEG® algorithms vs ROTEM®
algorithms, TEG® algorithm vs other algorithm, CABG vs non-
CABG surgery or combined are shown in Supplementary Table
S3. There was no significant interaction between prespecified
subgroups and overall effect estimates for our primary and sec-
ondary end points.
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A Mortallty VE Control group Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight ~M-H, random, 95% CI  Year M-H, random, 95% CI
Shore-Lesserson 1999 0 53 2 52 5.3% 0.20[0.01,3.99] 1999 —
Royston 2001 0 30 0 30 Not estimable 2001
AK 2009 3 114 2 110 152% 1.45[0.25, 8.50] 2009 -
Girdauskas 2010 4 27 5 29  324% 0.86 [0.26,2.87] 2010 ——
Paniagua 2011 3 26 4 18  25.2% 0.52[0.13,2.05] 2011 —-
Weber 2012 2 50 10 50  22.0% 0.20[0.05, 0.87] 2012 —
Nakayama 2014 ] 50 0 50 Not estimable 2014
Total (95% Cl) 350 339 100.0% 0.55[0.28, 1.10] -
Total events 12 23
Heterogeneity: Tau?=0.01; Chi?=4.03, df=4 (P=0.40); I’=1% + + + +
Test for overall effect: Z=1.69 (P=0.09) 0.005 0.1 1 10 200
Favours [experimental] ~ Favours [control]
B Red blood cell transfusion
Experimental Control Risk ratio Risk ratio
Study or subgroup Events  Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI
AK 2009 52 114 60 110 9.3% 0.84[0.64, 1.09]
Avidan 2004 34 51 35 51 9.0% 0.97[0.74,1.27]
Cui 2010 3 17 5 14 0.6% 0.49[0.14,1.71]
Girdauskas 2010 24 27 27 29 14.8% 0.95[0.81,1.13]
Karkouti 2016 58 127 52 118 8.7% 1.04[0.78, 1.37] -
Kultufan Turan 2006 7 20 12 20 2.0% 0.58[0.29, 1.17]
Nakayama 2014 42 50 45 50 15.8% 0.93[0.80, 1.09] ——
Paniagua 2011 238 26 16 18 11.7% 1.00[0.80, 1.23] E—
Shore-Lesserson 1999 22 53 31 52 5.3% 0.70[0.47,1.03] +———+—
Weber 2012 42 50 49 50 17.7% 0.86[0.75, 0.97] —_—
Westbrook 2009 14 32 33 37 4.9% 0.49[0.33,0.74] +————
Total (95% Cl) 567 549 100.0% 0.88[0.79, 0.97] -
Total events 321 365
Heterogeneity: Tau?=0.01; Chi’=17.65, df=10 (P=0.06); [>=43% + + + +
Test for overall effect: Z=2.54 (P=0.01) 07 085 1 12 1.5
Favours [experimental] Favours [control]
C Platelet transfusion
Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI
AK 2009 19 114 31 110 14.4% 0.59[0.36, 0.98] —=—]
Avidan 2004 2 51 0 51 1.5% 5.00[0.25, 101.63]
Girdauskas 2010 9 27 25 29 13.8% 0.39[0.22, 0.67] —a—
Karkouti 2016 30 127 24 118 14.9% 1.16[0.72, 1.87] —-—
Nakayama 2014 42 50 43 50 18.5% 0.98[0.83, 1.15] -+
Paniagua 2011 12 26 8 18 12.3% 1.04[0.54, 2.01] o
Shore-Lesserson 1999 4 53 16 52 8.2% 0.25[0.09, 0.68] s —
Weber 2012 20 50 40 50 16.4% 0.50[0.35, 0.72] —-—
Total (95% Cl) 498 478 100.0% 0.68[0.46, 1.00] >
Total events 138 187
Heterogeneity: Tau?=0.20; Chi?=33.93, df=7 (P=0.0001); I’=79% ' + + 1
Test for overall effect: Z=1.96 (P=0.05) 0.01 0.1 1 10 100
Favours [experimental] ~ Favours [control]
D Fresh frozen plasma transfusion
VE POC Control Risk ratio Risk ratio
Study or subgroup Events  Total Events Total Weight ~M-H, random, 95% CI M-H, random, 95% CI
AK 2009 17 114 29 110 9.8% 0.57 [0.33, 0.97]
Avidan 2004 2 51 1 51 0.5% 2.00[0.19, 21.37]
Cui 2010 5 17 5 14 2.7% 0.82[0.30, 2.28]
Girdauskas 2010 14 27 23 29 17.0% 0.65 [0.43, 0.98] —a—
Karkouti 2016 31 127 31 118 15.4% 0.93[0.60, 1.43] —m
Kultufan Turan 2006 1 20 0 20 0.3% 3.00[0.13, 69.52]
Nakayama 2014 22 50 22 50 14.5% 1.00 [0.64, 1.56] —
Paniagua 2011 10 26 10 18 7.0% 0.69[0.37, 1.31] s
Shore-Lesserson 1999 7 53 15 52 4.3% 0.46 [0.20, 1.03]
Weber 2012 28 50 33 50 28.4% 0.85[0.62, 1.16] ——
Total (95% Cl) 535 512 100.0% 0.78[0.66, 0.93] L 2
Total events 137 169
Heterogeneity: Tau?=0.00; Chi?=7.33, df=9 (P=0.60); I’<0% 0’2 0’5 ] 2 5
Test for overall effect: Z=2.84 (P=0.004) h )
Favours [experimental] ~ Favours [control]
E Reoperation of bleeding
VE Control group Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI
AK 2009 6 114 5 110 12.1% 1.16 [0.36, 3.68]  —
Avidan 2004 1 51 1 51 21% 1.00[0.06, 15.56]
Girdauskas 2010 5 27 7 29 15.5% 0.77[0.28, 2.13] ——
Kempfert 2011 15 52 13 52  40.0% 1.15[0.61,2.18] —-—
Nuttall 2001 0 a1 6 51 2.0% 1.10[0.01, 1.64] —
Paniagua 2011 3 26 5 18 9.6% 0.42[0.11,1.52] —_———
Royston 2001 1 30 1 30 2.2% 1.00[0.07, 15.26]
Shore-Lesserson 1999 0 53 2 52 1.8% 0.20 [0.01, 3.99]
Weber 2012 5 50 8 50 14.8% 0.63[0.22, 1.78] —
Total (95% Cl) 444 443 100.0% 0.82[0.55, 1.23] <
Total events 36 48 . N N ,
itv: Tau2=0.00: Chi?— » P k + + 1
Heterogeneity: Tau’ _>0.00, Chi“=6.11, df=8 (P=0.63); 1°=0% 0.01 01 1 10 100
Test for overall effect: Z=0.95 (P=0.34) Favours [VE]  Favours [control]

Fig 2 Forrest plots showing pooled effect estimated from random-effects models for mortality (A), red blood cell transfusion (B), platelet transfusion (C), fresh fro-
zen plasma transfusion (D), and reoperation for bleeding (E).
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GRADE summary

Results of the GRADE Summary of the evidence are listed in
Table 2. There was no difference between viscoelastic testing
and control groups for mortality, RBC transfusion, bleeding,
major morbidity (with the exception of severe AKI), or resource
use. The quality of evidence was ‘low’ or ‘very low’ for all out-
comes assessed, implying a high level of uncertainty with
respect to these results.

Discussion

Summary of evidence

A systematic review of trials of viscoelastic point-of-care testing
in cardiac surgery identified 15 RCTs, of which we judged none
was free from potential bias. Pooled effect estimates showed
that TEG®- or ROTEM®-guided algorithms for management of
coagulopathic haemorrhage reduced the number of patients
requiring transfusion, but had no effect on mortality, stroke,
prolonged intubation, emergency reoperation for bleeding, or in
ICU and hospital length of stay. There was a significant reduc-
tion in the frequency of severe AKI in four trials where this was
reported. GRADE assessment concluded that the quality of evi-
dence was ‘low’ or ‘very low’ for all outcomes.

Strengths and limitations

The principal limitation of this sytematic review is that the find-
ings and interpretations are limited by the quality and quantity
of available evidence. We judged all of the 14 parallel group trials
as having significant limitations in terms of methodological qual-
ity. The risk of procedural bias was high in these trials as there
was little or no allocation concealment or blinding of clinical per-
sonnel. The potential to produce summary effect estimates was
limited by the wide variety of outcomes reported and a lack of
standardization of the way in which these were measured.
The assessment of heterogeneity was limited by the relatively
small number of studies that contributed to each meta-analysis.
Our assessment of likely bias differed from that in a recent
Cochrane review.® For example, in that analysis use of sealed
envelopes was considered at low risk of bias for allocation con-
cealment. However, Cochrane guidance states that only sealed
opaque envelopes can be considered as evidence of allocation
concelament.’ Where the term opaque was omitted we therefore
classified this as unclear and not low. Likewise, the Cochrane
reviewers assessed several studies as having a low risk of report-
ing bias, despite the absence of prospective trial registration or
availability of trial protocols for reference.® We judged that these
trials should be categorized as having unclear evidence of report-
ing bias; hence, we found no trial at low risk of bias.

These limitations notwithstanding, the present meta-analy-
sis provides the most comprehensive evaluation of viscoelastic
point-of-care tests in cardiac surgery to date. It considered all
trials identified in two recent meta-analyses,® ** along with the
results of a recent large cluster randomized trial not included in
these previous analyses.” The trial by Karkouti and colleagues’
enrolled 7402 patients; almost five times the number patients
enrolled in the previous RCTs identified in our search. We eval-
uated the effects of including or excluding this study from our
primary analysis to assess how the results from this trial influ-
enced the effect estimates. The analysis demonstrated that the
inclusion of this trial did not substantially alter summary effect
estimates for those outcomes where data were available; specif-
ically, that viscoelastic tests reduced numbers of patients
receiving RBC and platelet transfusions.

Transfusion decisions are subject to local and individual
prejudices,®* and these outcomes are particularly susceptible to
the absence of random sequence generation, allocation conceal-
ment, blinding, or standardized transfusion and bleeding proto-
cols in control groups, in almost all of the parallel group trials
identified. Funnel plot analysis also indicated a high likelihood
of publication bias for this outcome. The effect of viscoelastic
testing on transfusion frequency in the trials is also at odds
with the wide interinstitutional variability commonly observed
for RBC transfusion, which suggests that this treatment is
largely influenced by factors independent from the patient.** It
is important to consider that RBC transfusion has a financial
and societal cost; however, the low quality of the evidence for
an effect on transfusion does not resolve uncertainty as to the
effect of VE testing on this outcome. In contrast, objective out-
comes, less dependent on subjective decision-making or bias,
including mortality, emergency resternotomy, stroke, ventila-
tion time, and intensive care and hospital stay, were not differ-
ent between groups. There was a reduction in severe AKI
associated with viscoelastic tests in the meta-analysis based on
an analysis of 62 events in four trials, all of which were at high
risk of bias. There was a reduction in major bleeding attributable
to viscoelastic testing in the trial by Karkouti and colleagues,’
and this potentially has clinical importance. However, this was
a composite end point, and the frequencies of individual com-
ponents of the end point were not published, despite a direct
request to the authors, limiting our ability to evaluate these
results. The trial by Karkouti and colleagues’ also failed to dem-
onstrate any difference in overall complication rates; although
again the exact complications and their frequencies were not
specified. Overall, the results of this trial mirrored the findings
of the 2016 Cochrane review;* notably, that the use of viscoe-
lastic testing reduced transfusion, but had no benefit with
respect to objective clinically important end points. This is at
odds with the findings of the systematic review conducted by
Whiting and colleagues,®® who concluded that viscoelastic test-
ing was likely to be cost-effective. Their analysis directly
informed current National Health Service NICE Guidelines,
which recommend routine use of viscoelastic testing in cardiac
surgery.” Whiting and colleagues demonstrated a reduction in
RBC transfusion attributable to the use of viscoelastic testing.*
Using assumptions based on historical data showing strong
associations between RBC transfusion and adverse clinical out-
comes,*® they estimated that this reduction in RBC transfusion
would be cost-effective.®®> However, cause and effect between
RBC transfusion and adverse outcome has been questioned by
recent studies,®® including the Transfusion Indicating
Threshold Reduction 2 (TITRE2) trial, where reductions in RBC
transfusion attributable to application of a restrictive transfu-
sion threshold increased mortality.”” Combined with the uncer-
tain effects of bias on subjective transfusion decisions, these
results question the accuracy of existing NICE guidance. The
absence of a causal relationship between RBC transfusion and
adverse outcome could explain, in part, the apparent discord-
ance between the assessment of efficacy (transfusion) and
effectiveness (clinical outcomes) in the analyses.

Conclusions

Evidence to support routine use of viscoelastic testing in cardiac
surgery is weak. Authors of the recent Cochrane review stated
that further large pragmatic trials at low risk of bias were
required to resolve this knowledge gap.® However, inclusion of
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Table 2 Summary of main findings of systematic review and GRADE assessment of trial results. GRADE Working Group grades of evidence
are as follows: high quality, we are very confident that the true effect lies close to that of the estimate of the effect; moderate quality, we
are moderately confident in the effect estimate (the true effect is likely to be close to the estimate of the effect, but there is a possibility
that it is substantially different); low quality, our confidence in the effect estimate is limited (the true effect may be substantially different
from the estimate of the effect); and very low quality, we have very little confidence in the effect estimate (the true effect is likely to be
substantially different from the estimate of effect). *The risk in the intervention group (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). fOnly two trials with low risks of bias.
Two trials were 0 event trials. *Only one trial with low risk of bias. "Bleeding and coagulopathy as inclusion criteria might change the
effect estimate. SAll the included trials were at high risk of bias. |High risk of publication bias detected. CI, confidence interval; ICU, inten-
sive care unit; LoS, length of stay; MD, mean difference; RCT, randomized controlled trial; RR, risk ratio

Viscoelastic point-of-care tests vs standard care in cardiac surgery patients at risk of coagulopathic bleeding

Patient population, adult cardiac surgery; setting, tertiary cardiac centres

Intervention: viscoelastic point-of-care test-based algorithms

Control: standard care

Outcomes Anticipated absolute effects* (95% CI) Relative effect No. of Quality of the evidence
(95% CI) Participants  (GRADE)
Risk with Control Risk with NIRS (studies)
Mortality 68 per 1000 37 per 1000 (19-75) RR 0.55 (0.28-1.10) 689 (7 RCTSs) @ @ O O
Low"
Red blood cell transfusion 391 per 1000 585 per 1000 (388-564)  RR 0.88 (0.79-0.97) 1116 (11 RCTs) @ OQ Q
Very low!!
Platelet transfusion 330 per 1000 257 per 1000 (218-307)  RR 0.78 (0.66-0.93) 1116 (11 RCTs) @ @ O O
Low"
Severe acute kidney injury 188 per 1000 89 per 1000 (44-166) RR 0.42 (0.20-0.86) 1047 (10 RCTs) @ O Q Q
Very low'
Reoperation for bleeding 108 per 1000 89 per 1000 (60-133) RR 0.82 (0.55-1.23) 744 (4 RCTs) @ OQ Q
Very low*1
Intensive Care Unit Length of stay The mean ICU LoS in @ OQ Q
the intervention
group was 31.8 lower Very low$
(94.7 lower to 31.1
higher)
Hospital Length of stay The mean hospital LoS @ @ O O
was 3.1 lower (9.6
lower to 3.3 higher) Low"

the large pragmatic trial of viscoelastic testing by Karkouti and
colleagues’ did not alter the precision of the estimates from
existing parallel group trials. Moreover, the trial by Karkouti and
colleagues’ was at low risk of bias for all of the conventional
bias domains for cluster randomized trials, with the exception
of potential funding bias, and also did not demonstrate benefits
for important clinical end points. These findings lead us to
hypothesize that viscoelastic testing lacks clinical effectiveness.
This hypothesis is supported by weak evidence of predictive
accuracy of viscoelastic testing for coagulopathic bleeding.*® On
the basis of the weight of the available evidence, further large
trials are unlikely to demonstrate clinical benefits for current
viscoelastic point-of-care tests. Research should now focus on
development of new techniques to identify important and treat-
able causes of coagulopathy in cardiac surgery.

Downl oaded from https://academ c. oup.coni bj a/article-abstract/ 118/ 6/ 823/ 3798649
by University of Lelcester user
on 08 Novenber 2017

Authors’ contributions

The authors had full access to all data and take responsibility
for the integrity of the data and accuracy of the analysis.
Literature searches, data extraction, analysis, and writing the
manuscript: G.F.S., GJ.M.

Supplementary material

Supplementary material is available at British Journal of
Anaesthesia online.

Declaration of interest

None declared.


Deleted Text:  
Deleted Text: Karkouti 
Deleted Text: randomised 
Deleted Text: hypothesise 

832 |

Serraino and Murphy

Funding

British Heart Foundation [RG/13/6/29947 (GJ.M.), CH/12/1/29419
(GJ.M.), and PG/11/95/29173 (G.J.M.)]; Leicester National Institute for
Health Research Cardiovascular Biomedical Research Unit (G.J.M.).

References

1.

10.

11.

12.

13.

Murphy MF, Murphy GJ, Gill R, et al. National comparative
audit of blood transfusion: 2011 audit of blood transfusion in
adult cardiac surgery. 2013. Available from http://hospital.
blood.co.uk/audits/ (accessed January 11, 2017)

Ranucci M, Bozzetti G, Ditta A, Cotza M, Carboni G, Ballotta A.
Surgical reexploration after cardiac operations: why a worse
outcome? Ann Thorac Surg 2008; 86: 1557-62

Unsworth-White MJ, Herriot A, Valencia O, et al
Resternotomy for bleeding after cardiac operation: a marker
for increased morbidity and mortality. Ann Thorac Surg 1995;
59: 664-7

Ranucci M, Aronson S, Dietrich W, et al. Patient blood man-
agement during cardiac surgery: do we have enough evi-
dence for clinical practice? J Thorac Cardiovasc Surg 2011; 142:
249.e1-32

National Institute for Health and Care Excellence (NICE)
Diagnostics Guidance 13: Detecting, managing and monitor-
ing haemostasis: viscoelastometric point-of-care testing
(ROTEM, TEG and Sonoclot systems), 2014. Available from
https://www.nice.org.uk/guidance/dg13 (accessed on
January 15, 2017)

Wikkelso A, Wetterslev ], Moller AM, Afshari A.
Thromboelastography (TEG) or thromboelastometry
(ROTEM) to monitor haemostatic treatment versus usual
care in adults or children with bleeding. Cochrane Database
Syst Rev 2016; CD007871 Issue 8.

Karkouti K, Callum J, Wijeysundera DN, et al. Point-of-care
hemostatic testing in cardiac surgery: a stepped-wedge clus-
tered randomized controlled trial. Circulation 2016; 134:
1152-62

Higgins JPT, Green S. Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1.0 [updated March 2011].
The Cochrane Collaboration, 2011. Available from www.
handbook.cochrane.org (accessed on January 17, 2017)
Higgins JPTAD, Sterne JAC. Assessing risk of bias in included
studies. In: Higgins JPT, Green S. Cochrane Handbook for
Systematic Reviews of Interventions Version 5.1.0 [updated
March 2011]. The Cochrane Collaboration, 2011. Available
from www.handbook.cochrane.org

Higgins JPTD, Deeks JJ, Altman DG. Chapter 16: Special topics
in statistics. In: Higgins JPT, Green S. Cochrane Handbook for
Systematic Reviews of Interventions Version 5.1.0 [updated
March 2011]. The Cochrane Collaboration, 2011. Available
from www.handbook.cochrane.org (accessed on January 17,
2017)

Sterne JACEM, Moher D. Addressing reporting biases. In:
Higgins JPT, Green S. Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1.0 [updated March 2011].
The Cochrane Collaboration, 2011. Available from www.
handbook.cochrane.org

Higgins JP, Thompson SG. Quantifying heterogeneity in a
meta-analysis. Stat Med 2002; 21: 1539-58

Ak K, Isbir CS, Tetik S, et al. Thromboelastography-based
transfusion algorithm reduces blood product use after elec-
tive CABG: a prospective randomized study. J Card Surg 2009;
24:404-10

Downl oaded from https://academ c. oup.coni bj a/article-abstract/ 118/ 6/ 823/ 3798649
by University of Lelcester user

on 08 Novenber 2017

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Avidan MS, Alcock EL, Da Fonseca ], et al. Comparison
of structured use of routine laboratory tests or near-
patient assessment with clinical judgement in the manage-
ment of bleeding after cardiac surgery. Br ] Anaesth 2004; 92:
178-86

CuiY, HeiF, Long C, et al. Perioperative monitoring of throm-
boelastograph on blood protection and recovery for severely
cyanotic patients undergoing complex cardiac surgery. Artif
Organs 2010; 34: 955-60

Girdauskas E, Kempfert J, Kuntze T, et al
Thromboelastometrically guided transfusion protocol dur-
ing aortic surgery with circulatory arrest: a prospective,
randomized trial. J Thorac Cardiovasc Surg 2010; 140:
1117-24.e2

Kempfert J. Thromboelastography-guided blood component
therapy after cardiac surgery: a randomised study. Interact
Cardiovasc Thorac Surg 2011; 13: S106-7

Kultufan Turan S, Aydinli B, Ayik ], et al. The role of rotational
thromboelastgraphy on decision of blood transfusion in
open heart surgery. Gdg ° lis-Kalp-Damar Anestezi ve Yog ~ un
Bakim Dernegi Dergisi 2006; 12: 154-9

Nakayama Y, Nakajima Y, Tanaka KA, et al
Thromboelastometry-guided intraoperative haemostatic
management reduces bleeding and red cell transfusion after
paediatric cardiac surgery. Br ] Anaesth 2015; 114: 91-102
Nuttall GA, Oliver WC, Santrach PJ, et al. Efficacy of a simple
intraoperative transfusion algorithm for nonerythrocyte
component utilization after cardiopulmonary bypass.
Anesthesiology 2001; 94: 773-81; discussion 5A-6A.

Paniagua P, Koller T, Requena T, Gil JM, Campos JM, Galan J.
Randomized controled trial to evaluate postoperative coagu-
lation management with bed-side trombelastometry
(Rotem) compared with a transfusion protocol based on lab-
oratory meausurments in bleeding patients after cardiac
surgery: preliminary data. Paper presented at the European
Anaesthesiology Congress (EUROANAESTHESIA); 11-14 June
2011; Amsterdam: Netherlands. Eur ] Anaesthesiol 2011; 28:
A9%4

Rauter M, Kastenbauer T, Schwarz S, Fitzgerald R. Reduced
number of red blood cell transfusions in cardiac surgery due
to perioperative coagulation testing by thromboelastometry.
Acta Anaesthesiol Scand 2007; 51: 40

Royston D, von Kier S. Reduced haemostatic factor transfu-
sion using heparinase-modified thrombelastography during
cardiopulmonary bypass. Br]J Anaesth 2001; 86: 575-8
Shore-Lesserson L, Manspeizer HE, DePerio M, et al.
Thromboelastography-guided transfusion algorithm
reduces transfusions in complex cardiac surgery. Anesth
Analg 1999; 88: 312-9

Weber CF, Gorlinger K, Meininger D, et al. Point-of-care test-
ing: a prospective, randomized clinical trial of efficacy in coa-
gulopathic cardiac surgery patients. Anesthesiology 2012; 117:
531-47

Westbrook AJ, Olsen J, Bailey M, Bates J, Scully M,
Salamonsen RF. Protocol based on thromboelastograph
(TEG) out-performs physician preference using laboratory
coagulation tests to guide blood replacement during and
after cardiac surgery: a pilot study. Heart Lung Circ 2009; 18:
277-88

Dietrich W, Schopf K, Spannagl M, Jochum M, Braun SL,
Meisner H. Influence of high- and low-dose aprotinin on acti-
vation of hemostasis in open heart operations. Ann Thorac
Surg 1998; 65: 70-7; discussion 77-8.



Viscoelastic testing in cardiac surgery | 833

28.

29.

30.

31.

32.

33.

Forestier F, Bélisle S, Contant C, Harel F, Janvier G, Hardy JF.
Reproducibility and interchangeability of the Thromboelas-
tograph, Sonoclot and Hemochron activated coagulation
time in cardiac surgery. Can J Anaesth 2001; 48: 902-10
Miyashita T, Kuro M. Evaluation of platelet function by
Sonoclot analysis compared with other hemostatic variables
in cardiac surgery. Anesth Analg 1998; 87: 1228-33

Thai J, Reynolds EJ, Natalia N, et al. Comparison between
RapidTEG® and conventional thromboelastography in car-
diac surgery patients. Br ] Anaesth 2011; 106: 605-6

Agarwal S, Johnson RI, Shaw M. Preoperative point-of-care
platelet function testing in cardiac surgery. J Cardiothorac
Vasc Anesth 2015; 29: 333-41

Traverso CI, Arcelus JI, Gomez E, Luna D, Lopez-Cantarero M,
Garcia J. Prospective assessment of the risk of deep vein
thrombosis in elective abdominal surgery: predictive role of
thromboelastography. Thromb Haemorrh Disorders 1993; 71:
9-15

Whiting P, Al M, Westwood M, et al. Viscoelastic point-of-
care testing to assist with the diagnosis, management and
monitoring of haemostasis: a systematic review and cost-

Downl oaded from https://academ c. oup.coni bj a/article-abstract/ 118/ 6/ 823/ 3798649
by University of Lelcester user

on 08 Novenber 2017

34.

35.

36.

37.

38.

effectiveness analysis. Health Technol Assess 2015; 19: 1-228,
v-vi

Bennett-Guerrero E, Zhao Y, O’Brien SM, et al. Variation in
use of blood transfusion in coronary artery bypass graft sur-
gery. JAMA 2010; 304: 1568-75

Murphy GJ, Reeves BC, Rogers CA, Rizvi SI, Culliford L,
Angelini GD. Increased mortality, postoperative morbidity,
and cost after red blood cell transfusion in patients having
cardiac surgery. Circulation 2007; 116: 2544-52

Patel NN, Avlonitis VS, Jones HE, Reeves BC, Sterne JA,
Murphy GJ. Indications for red blood cell transfusion in car-
diac surgery: a systematic review and meta-analysis. Lancet
Haematol 2015; 2: e543-53

Murphy GJ, Pike K, Rogers CA, et al. Liberal or restrictive
transfusion after cardiac surgery. N Engl ] Med 2015; 372:
997-1008

Corredor C, Wasowicz M, Karkouti K, Sharma V. The role of
point-of-care platelet function testing in predicting
postoperative bleeding following cardiac surgery: a
systematic review and meta-analysis. Anaesthesia 2015; 70:
715-31

Handling editor: Hugh C Hemmings Jr



