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Introduction

Abnormal bleeding is a common complication of cardiac 
surgery with cardiopulmonary bypass (CPB) (1,2). Excessive 
bleeding increases the rates of massive transfusion and 
re-exploration, which are potentially associated with 

increased morbidity and mortality (3-6). Furthermore, 
blood transfusion is associated with a prolonged hospital 
stay as well as increased hospital costs (7). Timely diagnosis 
and treatment of bleeding diathesis are thus important to 
prevent adverse events.
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Conclusions: TEG or ROTEM-guided transfusion strategies may reduce blood loss volume and the 
transfusion rates in adult patients undergoing cardiac surgery. 

Keywords: Thromboelastography (TEG); blood transfusion; cardiac surgical procedures; adult

Submitted Nov 30, 2018. Accepted for publication Mar 22, 2019.

doi: 10.21037/jtd.2019.04.39

View this article at: http://dx.doi.org/10.21037/jtd.2019.04.39

1181

https://crossmark.crossref.org/dialog/?doi=10.21037/jtd.2019.04.39


1171

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(4):1170-1181jtd.amegroups.com

Journal of Thoracic Disease, Vol 11, No 4 April 2019

Transfusion of hemostatic blood products is traditionally 
based on standard laboratory tests. However, these 
have limited use in acute bleeding because of their long 
turnaround time and poor predictive value of bleeding 
tendency (8). Thromboelastography (TEG) and rotational 
thromboelastometry (ROTEM) are viscoelastic point-of-
care testing. A transfusion algorithm incorporating TEG 
or ROTEM can help to determine the appropriate time 
and target for the use of hemostatic blood products, which 
may thus reduce the quantity of blood loss as well as blood 
products transfused. The point-of-care testing may also 
enable clinicians to distinguish coagulopathy from surgical 
causes (9).

The aim of this article is to assess the effects of  
TEG/ROTEM-guided transfusion algorithm vs. current 
standard treatments on all-cause mortality, blood products 
transfusion and short-term hospitalization outcomes in 
adult patients undergoing cardiac surgery with CPB. 

Methods

We conducted a systematic review with a meta-analysis 
using Cochrane Collaboration methodology and PRISMA 
and GRADE guidelines (10-12). We searched the Cochrane 
Register of Controlled Trials, MEDLINE, EMBASE, 
BIOSIS, International Web of Science, Latin American 
Caribbean Health Sciences Literature, The Chinese 
Biomedical Literature Database, Advanced Google, and 
Cumulative Index to Nursing & Allied Health Literature 
from 1980 to August 1, 2017. Search strategies were 
developed specifically for each database, the main search 
syntax was “("Thoracic Surgery"[Mesh] OR "Cardiac 
Surgical Procedures"[Mesh] OR aortic valve replacement 
OR aortic valve repair OR mitral valve replacement 
OR mitral valve repair OR coronary artery bypass OR 
pulmonary valve replacement OR pulmonary valve repair 
OR aortic artery replacement OR aortic root replacement 
OR antrectomy OR tricuspid valve replacement OR 
tricuspid valve repair) AND ("Thrombelastography"[Mesh] 
OR rotational thromboelastometry OR thromboelastogram)”. 
We hand-searched the reference lists and reviews and 
contacted authors and experts in this field for any missed, 
unreported, or ongoing studies. We searched for ongoing 
clinical trials and unpublished studies on the following 
websites: clinical trials registry, ISRCTN registry, Center 
Watch, and UMIN clinical trials registry.

We included all publications of retrospective cohort 
studies, matched case-control studies and randomized 

controlled trials (RCTs) evaluating the effect of a  
TEG/ROTEM-guided transfusion algorithm vs. the 
current standard treatments, irrespective of publication 
status, language of the report, or blinding status. We 
excluded trials conducted on pediatric patients. Two authors 
independently screened the search results and selected 
studies for inclusion. Any disagreements were solved by 
discussion. 

All trials were evaluated for major sources of bias. For 
parallel groups, the items were random sequence generation, 
allocation concealment, blinding, incomplete outcome 
data, selective outcome reporting, and other sources of bias, 
including funder bias. Risk of bias in cluster-randomized 
trials was assessed as recruitment bias, baseline imbalance, 
loss of clusters, incorrect analysis, and comparability with 
individually randomized trials. We graded each domain of 
bias “high risk”, “low risk”, or “unclear risk”. Following 
Cochrane guideline, publication bias was assessed for items 
with more than ten trials included.

The outcomes of this review were: (I) all-cause mortality 
(longest follow-up data from each trial regardless of the 
period of follow-up); (II) blood loss including mediastinal 
drainage and post-operative bleeding; (III) proportion 
of patients transfused with allogeneic blood products, 
including red blood cell (RBC) concentrates, fresh frozen 
plasma (FFP), platelet (PLT) concentrates, cryoprecipitate 
and some pharmacological agents such as fibrinogen 
concentrate and prothrombin complex concentrate (PCC); 
(IV) incidence of massive bleeding or massive transfusion 
and surgical re-exploration; (V) short-term hospitalization 
outcomes, including length of hospital stay and intensive 
care unit (ICU) stay. For each item we conducted analysis in 
the overall studies and RCTs respectively.

Statistics

Data were summarized as relative risks (RRs) with 95% 
confidence intervals (CI) for dichotomous variables and 
mean differences (MD) with 95% CI for continuous 
variables. The degree of heterogeneity was quantified 
with the I2 statistic and Chi-square test. I2 values of 50% 
and more indicate a substantial level of heterogeneity, 
while I2 values of 25% and less indicates a low level of 
heterogeneity (12). As we included RCTs, observational and 
retrospective studies, there are substantial heterogeneity 
in overall study analyses which made use of a fixed effect 
model little valuable. Therefore, we only reported results 
from random effect model in overall studies. As for RCTs, 
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we reported the results from fixed effect models when I2 
≤25%. In case of I2 >25%, we tried to determine the cause 
of heterogeneity by performing relevant subgroup analyses, 
and when it failed, we reported the results from random 
effect models. We used the Chi-square test to provide an 
indication of heterogeneity between studies, with P value 
≤0.1 considered significant. All forest plot and meta-analytic 
estimates were performed using Review Manager 5.3.5 
(The Nordic Cochrane Centre, Rigshospitalet 2008). We 
considered P<0.05 as significant.

Meta-analysis may result in type I errors because of 
sparse data or repeated significance testing when updating 
the meta-analysis with new trials. To avoid this, trial 
sequential analysis (TSA) was applied in the analysis of 
RCTs. TSA is a methodology to quantify the statistical 
reliability of evidence in a cumulative meta-analysis and 
to adjust the threshold of statistical significance for sparse 
data and repetitive testing on accumulating data. It may 
reduce the risk of type I errors resulting from meta-
analysis due to random errors arising from repeated 
significance testing when updating meta-analysis with new 
trials (13). Using a trial sequential monitoring boundary 
can also help to determine whether additional trials are 
needed or whether a trial could be terminated early (14), 
so it is also used as a second step to verify the findings 
of meta-analysis. TSA was performed using the TSA 
Viewer, version 0.9.5.10 Beta (TSA Viewer 0.9.5.10 Beta, 
Copenhagen Trial Unit, Centre for Clinical Intervention 
Research, Rigshospitalet, 2016).

Results

Study characteristics

We identified 3,987 publications on the use of TEG 
or ROTEM, from which 26 publications were selected 
(Figure 1). Four of the trials were terminated without 
published data (15-18). We found one ongoing trial but 
were unable to retrieve any data from the investigators 
at their current stage (19). Two of the trials (20,21) were 
excluded because they enrolled pediatric patients only. 
Altogether, we included 19 studies (20-38) with a total of 
15,320 participants, of which 13 (23-26,28-32,34-36,38) 
were RCTs (Table 1). The trial conducted by Karkouti et al., 
which enrolled 7,402 patients, was a multicenter stepped-
wedge cluster RCT (38). To adjust for the stepped-wedge 
cluster design, we recalculated the effective sample size for 
this trial according to the recommendation in the Cochrane 
Handbook, using the intracluster coefficient calculation of 
0.095 stated in the trial methods. In 15 trials (with 9 RCTs), 
the intervention group applied a transfusion algorithm 
fully based on TEG or ROTEM, while four trials used 
TEG or ROTEM in combination with other point-of-
care testing devices. The control group in 13 trials adopted 
a transfusion algorithm based on the clinician’s discretion 
in combination with a standard laboratory test, while five 
trials (26,34,35,38,39) adopted a transfusion based on 
standard laboratory tests only and one (22) based on the 
clinician’s discretion only. Three (29,34,35) of the trials 
were published in abstracts only.

Database search, hand search of the reference

lists and other sources (n=3,987)

Records excluded (n=3,954) (animal studies, 

reviews, search overlap, irrelevant studies, et al.)

Full-text article excluded (n=7)

(irrelevant endpoints, different patient

category)

Full-text article review (n=33)

Trials assessed (n=26)

Excluded trials (n=7) (trials

terminated without data, n=4; trials on

pediatric patients, n=2; ongoing trial, n=1

Trials included in meta-analysis (n=19)

Figure 1 Flow diagram of included and excluded studies.
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Table 1 Characteristics of included studies

Study
No. of 

participants
Inclusion criteria Interventional algorithm

Control group 
transfusion 

management

Type of 
study

Ak 2009 224 Elective first-time CABG, with CPB Fully TEG-based algorithm Clinical judgement 
and SLTs

RCT

Anderson 
2006

990 All types of cardiac surgery requiring 
CPB

Fully ROTEM-based algorithm Clinical judgement 
and SLTs

RC

Avidan 2004 102 Elective first-time CABG, with CPB Partly TEG-based algorithm, included 
the Hepcon and PFA-100 platelet 
function analyser

SLTs RCT

Fassl 2013 62 Proximal aortic surgery with induced 
HCA, requiring CPB 

Fully ROTEM-based algorithm Clinical judgement 
and SLTs

MCC

Girdauskas 
2010

56 High risk aortic surgery including 
urgent and emergency surgery with 
HCA, requiring CPB

Fully ROTEM-based algorithm Clinical judgement 
and SLTs

RCT

Görlinger 
2011

3,865 All types of cardiac surgery requiring 
CPB

Fully ROTEM-based algorithm Clinical judgement 
and SLTs

RC

Karkouti 
2016

7,402 All types of cardiac surgery requiring 
CPB

Partly ROTEM-based algorithm SLTs RCT

Kempfert 
2011

104 Adult patients with significant 
postoperative bleeding (>200 mL/h) 
following standard elective isolated or 
combined cardiac surgical procedures

Fully ROTEM-based algorithm SLTs RCT

Kuiper 2019 355 All types of cardiac surgery requiring 
CPB

Fully ROTEM-based algorithm SLTs PC

Kultufan 
Turan 2006

40 CABG or valve surgery Fully ROTEM-based algorithm Clinical judgement 
and SLTs

RCT

Nuttall 2001 92 All types of cardiac surgery requiring 
CPB, with abnormal microvascular 
bleeding after CPB

Partly TEG-based algorithm, included 
point-of-care SLTs

Clinical judgement 
and SLTs

RCT

Paniagua 
2011

22 Cardiac surgery requiring CPB, with 
major postoperative bleeding (>300 
mL in the first postoperative hour)  

Fully ROTEM-based algorithm SLTs RCT

Rauter 2007 208 Elective on-pump cardiac surgery Fully ROTEM-based algorithm Clinical judgement 
and SLTs

RCT

Royston 
2001

60 Surgery requiring CPB, with high risk of 
requiring hemostatic products (Heart 
transplantation, revascularization 
bypass, Ross procedure, multiple 
valve and revascularization surgery) 

Fully TEG-based algorithm Clinical judgement 
and SLTs

RCT

Shore-
Lesserson 
1999

105 High risk cardiac procedure with CPB 
(Single or multiple valve replacement, 
combined artery bypass plus valvular 
procedure, cardiac reoperation, 
thoracic aortic replacement)

Fully TEG-based algorithm Clinical judgement 
and SLTs

RCT

Spiess 1995 1,079 All types of cardiac surgery requiring CPB Fully TEG-based algorithm Clinical judgement RC

Table 1 (continued)
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Four studies gave no data on percentage of selective or 
emergent surgery, including two RCTs (23,25) and two 
retrospective cohort studies (22,27). Calculated by the 
available data, the proportion of elective surgeries in overall 
studies is 92.8% in TEG/ROTEM group vs. 92.5% in 
control group, while the proportion in RCTs is 94.8% in 
TEG/ROTEM group vs. 92.8% in control group.

Only one trial (23) included could be classified as having 
an overall low risk of bias (Figure 2). The multicenter 
stepped-wedge cluster RCT conducted by Karkouti and 
colleagues (38) was judged to be at low risk for the domain 
recruitment bias, baseline imbalance, loss of clusters, and 
incorrect analysis. Publication bias were assessed for blood 
loss, RBC transfusion, FFP transfusion, PLT transfusion 
and re-exploration in overall studies. The funnel plot of 
standard error versus risk ratio for RBC transfusion and re-
exploration showed a symmetrical distribution that indicated 
no publication bias, while that for blood loss, FFP transfusion 
and PLT transfusion showed a relatively higher publication bias.

Mortality

Eight trials supplied mortality data, including five RCTs 
(23,30,32,35,36), two retrospective cohort study (33,40) 
and one prospective cohort study (39). Analyses from 
both overall studies and RCTs showed no significant 
effect of the TEG/ROTEM-guided algorithm vs. the 
control group on the longest follow-up mortality: in all 
studies it was 135/2,680 (5.0%) in the TEG/ROTEM 
group compared with 124/2,293 (5.4%) in the control 

group (RR 0.83, 95% CI: 0.53–1.30; I2 =25%, P=0.4); 
in RCTs it was 12/270 (4.4%) in the TEG/ROTEM 
group compared with 23/259 (8.9%) in the control 
group (RR 0.50, 95% CI: 0.26–0.96, I2 =1%, P=0.04). All 
trials except three (36,38,40) had the point of hospital 
discharge as the longest follow-up. 

Blood loss

Blood loss volume at 12 or 24 hours after the operation 
varied from 450±259.3 to 2,408±1,771 mL in the 
intervention group and 390±429.4 to 2,736±1,617 mL  
in the control group. The analyses conducted in both 
overall studies and RCTs showed beneficial effects of the 
TEG/ROTEM-guided algorithm, indicating reduced 
bleeding of 132 mL in overall studies (MD: −132.46, 95% 
CI: −207.49, −57.43, I2 =53%, P<0.01) (Figure 3A), and  
103 mL in RCTs (MD: −103.50, 95% CI: −156.52, −50.48, 
I2 =0%, P<0.01) (Figure 3B).

Transfusion requirements

Transfusion frequencies of RBC, FFP, and PLT were 
available in 14 studies, while transfusion of fibrinogen or 
cryoprecipitate was available in seven studies. Data on the 
usage of PCC was supplied in six studies. The proportion 
of patients with each type of blood product transfusion in 
overall studies and in RCTs is shown in Table 2. In overall 
studies, the RRs for RBC, FFP and PLT transfusion were 
0.87 (95% CI: 0.83–0.91, I2 =11%, P<0.01), 0.50 (95% CI: 

Table 1 (continued)

Study
No. of 

participants
Inclusion criteria Interventional algorithm

Control group 
transfusion 

management

Type of 
study

St-Onge 
2018

385 Cardiac surgery involving aorta with 
CPB 

Fully TEG-based algorithm Clinical judgement 
and SLTs

RC

Weber 2012 100 Elective complex cardiothoracic 
surgery with CPB (combined coronary 
artery bypass graft and valve surgery, 
double or triple valve procedures, 
aortic surgery or redo surgery)

Fully ROTEM-based algorithm Clinical judgement 
and SLTs

RCT

Westbrook 
2009

69 All types of cardiac procedures with 
CPB except lung transplantations

Partly TEG-based algorithm, included 
Platelet mapping

Clinical judgement 
and SLTs

RCT

CPB, cardiopulmonary bypass; CABG, cardiac artery bypass graft; TEG, thromboelastography; ROTEM, rotational thromboelastometry; SLT, 
standard laboratory tests; RCT, randomized controlled trial; MCC, matched case-control study; RC, retrospective cohort study; PC, prospective 
cohort study; HCA, hypothermic circulatory arrest.
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0.31–0.80, I2 =93%, P<0.01), and 0.86 (95% CI: 0.73–1.02, 
I2 =62%, P=0.08), respectively. In RCTs, the RRs for each 
of the transfusion agents were 0.89 (95% CI: 0.80–0.98,  
I2 =0%, P=0.02), 0.59 (95% CI: 0.42–0.82, I2 =55%, P<0.01), 
and 0.81 (95% CI: 0.74–0.90, I2 =0%, P<0.01), respectively. 
Transfusion frequencies of fibrinogen or cryoprecipitate 
in overal l  studies were 376/3,109 (12.1%) in the  
TEG/ROTEM group vs. 228/2,632 (8.7%) in the control 
group (RR 1.20, 95% CI: 0.78–1.84, I2 =91%, P=0.4), 

while the frequency of PCC usage was 236/2,518 (9.4%) 
vs. 137/2,144 (6.4%) (RR 1.04, 95% CI: 0.48–2.28,  
I2 =89%, P=0.92). When including RCTs only, the transfusion 
frequencies of fibrinogen or cryoprecipitate were 53/77 
(68.8%) in the TEG/ROTEM group vs. 56/79 (70.9%) in the 
control group (RR 0.98, 95% CI: 0.80–1.19, I2 =22%, P=0.81), 
while that of PCC usage was 33/108 (30.6%) vs. 56/110 
(50.9%) (RR 0.62, 95% CI: 0.18–2.07, I2 =86%, P=0.4).

Massive bleeding/transfusion and re-exploration 

Massive bleeding was reported in three studies and was 
defined as (I) mediastinal blood loss over 400 mL in the first 
hour after surgery or over 100 mL/hour for four consecutive 
hours (30), (II) drainage volumes from chest tubes more 
than 1,000 mL within the first 24 hours (37), and (III) ≥5 U  
o f  RBCs ,  ≥5  U o f  p l a sma ,  che s t  tube  dra inage  
of ≥1,000 mL within 24 hours of surgery, surgical re-
exploration, or administration of recombinant activated 
factor VII (38). Massive transfusion was reported in four 
studies and was defined as transfusion of more than 10 U of 
RBC (33), more than 20 U of any allogeneic blood products 
(32,40), or both (22). Massive bleeding or transfusion 
was found in 141 (4.5%) of the 3,149 patients in the  
TEG/ROTEM group and in 172 (6.6%) of the 2,606 
patients in the control group (RR 0.71, 95% CI: 0.54–0.93, 
I2 =32%, P=0.01). In RCTs, 44 (16.4%) of the 268 patients in 
the TEG/ROTEM group and 49 (19.1%) of the 257 patients 
in the control group demonstrated massive bleeding or 
transfusion (RR 0.86, 95% CI: 0.60–1.24, I2 =0%, P=0.42). 

The incidence of surgical re-exploration was reported 
in 13 studies (22-24,26,27,30,32-36,39,40), including 131 
(3.3%) of the 3,917 patients in the TEG/ROTEM group vs. 
196 (5.7%) of the 3,423 patients in the control group (RR 
0.67, 95% CI: 0.50–0.88, I2 =26%, P<0.01). However, when 
including RCTs only, the outcome was no longer statistically 
significant (RR 0.74, 95% CI: 0.50–1.10, I2 =0%, P=0.14). 

Short-term hospitalization outcomes

Analyses on the short-term hospitalization outcomes 
including length of hospital stay and ICU stay also reached 
no statistically significant difference, either in overall study or 
in RCTs (see Figures S1,S2 in the supplementary material).

TSA

TSA of 11 RCTs on the effect of the transfusion algorithm 
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bias. A yellow symbol denotes unclear risk of bias. 
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guided by TEG/ROTEM on blood loss resulted in a 
statistically significant TSA α-boundary adjusted MD  
of −102.29 [95% CI: −158.79, −45.79, diversity (D2) =12%, 
I2 =5%, fixed-effect model, Figure 4]. The cumulative 
Z-curve crossed the monitoring boundary constructed 
for a required information size of 872 participants 
corresponding to a low bias, based on MD and variance, 
with 80% power and α of 0.05. Only one trial had a low 
risk of bias. TSA of the effect of the TEG/ROTEM-
guided algorithm on the proportion of patients requiring 
RBC resulted in a TSA α-boundary adjusted RR of 0.87 
(95% CI: 0.83–0.91, D2 =0, I2 =0, fixed-effect model) 
with an intervention event proportion of 55.98% and 
a control event proportion of 62.9% (based on meta-
analysis). The cumulative Z-curve crossed the monitoring 
boundary constructed for a required information size of 
1,246 participants, with 80% power and α of 0.05. TSA 
on the proportion of patients requiring FFP resulted 
in a TSA α-boundary adjusted RR of 0.59 (95% CI: 

0.42–0.82, D2 =63%, I2 =55%, random-effect model) with 
continuity adjustment for zero event trials (0.5 in each 
arm). The cumulative Z-curve crossed the monitoring 
boundary constructed for an adjusted information size of 
693 participants with an intervention event proportion of 
21.65% and a control event proportion of 35.74% (based 
on meta-analysis, with 80% power and α of 0.05). TSA 
on the proportion of patients requiring PLT resulted 
in a TSA α-boundary adjusted RR of 0.77 (95% CI: 
0.63–0.94, D2 =24%, I2 =14%, fixed-effect model) with 
continuity adjustment for zero event trials (0.5 in each 
arm). The cumulative Z-curve crossed the monitoring 
boundary constructed for a required information size of 
1,354 participants with an intervention event proportion 
of 23.29% and a control event proportion of 30.13% 
(based on meta-analysis, with 80% power and α of 0.05). 
The cumulative Z-curve of massive bleeding/transfusion 
and re-exploration in RCTs did not reach the monitoring 
boundary constructed for a required information size.

Figure 3 Forest plot of blood loss in overall studies (A) and in RCTs (B). RCT, randomized controlled trial; TEG, thromboelastography; 
ROTEM, rotational thromboelastometry.

A

B
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Discussion

In this systematic review of 13 RCTs and six observational 
studies involving adult patients undergoing cardiac surgery 
with CPB, we found that the mortality rate in the TEG/
ROTEM group was lower than that in control group, but 
without statistically significant difference, either in overall 
studies or in RCTs. Only six studies, including five RCTs, 
provided data on mortality. 

We found a statistically significant reduction of blood 
loss in favor of the TEG/ROTEM-guided algorithm in 
both overall studies and RCTs. Despite a potential benefit 
of TEG/ROTEM in the estimation and prevention 
of bleeding after cardiac surgery, no association with 
improvement of long-term prognosis was found. The use 
of a TEG/ROTEM-guided algorithm had a significant 
beneficial effect on the transfusion requirements of RBC 
and FFP. TSA of continuous data on blood loss and 
dichotomous outcomes on transfusion of blood products 
verified the conclusions drawn from the meta-analysis.

Several meta-analyses have been performed on the 
TEG/ROTEM-guided algorithm, but most were aimed 
at bleeding patients with no regard to original disease and 
included both adult and pediatric patients. Most of the 
analyses found a reduction of blood loss or transfusion rates 
favoring TEG/ROTEM-guided algorithm (41-45), while 

few found a beneficial effect on mortality or short-term 
hospitalization outcomes (44,46). A recent updated meta-
analysis (47) focusing on the effectiveness of viscoelastic 
tests in patients undergoing cardiac surgery reached similar 
conclusions with our analysis on transfusion of RBCs and 
FFP, but concluded that the use of viscoelastic testing 
had no beneficial effects on objective clinical outcomes. 
Blood loss was not assessed in this study. Our analysis 
included six more observational studies (22,27,33,37,39,40), 
including two latest ones (39,40), which provided important 
complementary information to the existing reviews conducted 
on RCTs. Separate analyses of RCTs could reduce bias that 
may be caused by inclusion of the retrospective studies. As 
pediatric patients have completely different characteristics 
and surgical procedures with adult patients, we excluded this 
subgroup of patients to reduce bias.

Though our analysis showed consistent benefits of 
viscoelastic testing on blood loss and transfusion rates, 
it failed to reach the same beneficial effects on patients’ 
outcome including mortality, length of hospital stay 
and ICU stay, even rates of re-exploration and massive 
bleeding/transfusion. There are several possible reasons 
underlying this phenomenon. For one thing, aside from 
blood loss and transfusion, there are other variables that 
may affect outcomes of patients undergoing cardiac surgery, 
such as length of surgical, duration on extracorporeal 
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Figure 4 Trial sequential analysis of blood loss. Trial sequential analysis of 11 RCTs on the effect of transfusion algorithm guided by  
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diversity (D2) =12%, I2 =5%, fixed effect model]. Cumulative Z-curve crossed the monitoring boundary constructed for a required 
information size of 872 participants corresponding to low bias based mean difference and variance, with 80% power and α of 0.05. However, 
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TSA, trial sequential analysis; MD, mean difference.
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circulation, duration of cross-clamping, hematocrit level, 
thrombocyte count, temperature on arrival to the ICU and 
comorbidities. Not all of the above items are comparable 
in each of the included trials, especially in observational 
studies, and standardized transfusion and bleeding protocols 
in control groups are quite poor in almost all the trials. For 
another thing, although mortality in overall studies reached 
no statistical difference, mortality in RCTs is marginally 
lower in TEG/ROTEM group (P=0.04). Massive bleeding 
or transfusion was marginally and surgical re-exploration 
was significantly reduced in the TEG/ROTEM group, 
though when including RCTs only, neither of the outcome 
was statistically significant. The result of TSA showed that 
unlike blood loss and transfusion rates, the cumulative 
Z-curve of massive bleeding/transfusion and re-exploration 
in RCTs did not reach the monitoring boundary constructed 
for a required information size. Therefore, the most likely 
reason for the inconsistent impact of viscoelastic testing on 
patient outcomes is the insufficient sample size of RCTs.

Furthermore,  c l inical  complicat ions including 
infection, thrombosis, allergic reactions, acute kidney or 
pulmonary injury, which are more related to bleeding and  
transfusion (48), were not demonstrated in most of the 
included trials, whether viscoelastic testing can reduce 
the incidences of these complications is still unknown. 
Another concern of transfusion is financial and social 
costs. Whiting and colleagues have concluded in a meta-
analysis and review that viscoelastic testing was more cost-
saving and effective than standard laboratory testing (43). 
Their analysis directly informed current National Health 
Service NICE Guidelines, which recommend routine use of 
viscoelastic testing in cardiac surgery. We have good reason 
to believe that more strictly-designed and large-sized RCTs 
are needed to evaluate the complications and short-term 
mortality.

Findings and interpretations in this review are limited by 
the quality and quantity of the available evidence. On one 
hand, even excluding retrospective and observational studies, 
most RCTs also have little or no allocation concealment or 
blinding of clinical personnel, which contributed to the high 
procedural bias in these trials. Furthermore, control groups 
in almost all trials had no standard transfusion protocols, 
random sequence generation, allocation concealment, or 
blinding. Publication bias are also high for blood loss, FFP 
transfusion and PLT transfusion. On the other hand, the 
interventional algorithms and follow-up times described in 
the trials included in this meta-analysis were not completely 
consistent, especially the first one. The transfusion 

algorithms in intervention group are fully or partly based 
on TEG or ROTEM, while that in control group based 
on standard laboratory test or the clinician’s discretion, or 
both. Direct translation to other clinical settings should 
thus be made with great caution.

In conclusion, though the evidence is limited to 
surrogate outcomes such as blood loss and transfusion rates, 
it is still reasonable to use TEG or ROTEM as a tool to 
guide transfusion in cardiac surgery. Large-sized RCTs 
with low bias are seriously needed to evaluate the effects 
of transfusion algorithms based on TEG or ROTEM on 
the hospitalization outcomes and complications in cardiac 
surgery setting.
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Figure S2 Forest plot of length of ICU stay. The length of hospital stay (hours) reached no statistical significant difference, either in overall 
study (A) or in RCTs (B). ICU, intensive care unit; RCT, randomized controlled trial; TEG, thromboelastography; ROTEM, rotational 
thromboelastometry.
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Figure S1 Forest plot of length of hospital stay. The length of hospital stay (days) reached no statistical significant difference, either in 
overall study (A) or in RCTs (B). RCT, randomized controlled trial; TEG, thromboelastography; ROTEM, rotational thromboelastometry.
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