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 The value of thrombelastography (TEG) and thromboelastometry (ROTEM) to improve perioperative hemo-
stasis is under debate. We aimed to assess the effects of TEG- or ROTEM-guided therapy in patients under-
going cardiac surgery on the use of allogeneic blood products. We analyzed 12 trials including 6835 patients,
749 of them included in 7 randomized controlled trials (RCTs). We collected data on the amount of transfused
allogeneic blood products and on the proportion of patients who received allogeneic blood products or
coagulation factor concentrates. Including all trials, the odds ratios (ORs) for transfusion of red blood cell
(RBC) concentrates, fresh-frozen plasma (FFP), and platelets were 0.62 (95% confidence interval [CI], 0.56-
0.69; P b .001), 0.28 (95% CI, 0.24-0.33; P b .001), and 0.55 (95% CI, 0.49-0.62; P b .001), respectively. However,
more than 50% of the patients in this analysis were derived from one retrospective study. Including RCTs only,
the ORs for transfusion of RBC, FFP, and platelets were 0.54 (95% CI, 0.38-0.77; P b .001), 0.36 (95% CI, 0.25-
0.53; P b .001), and 0.57 (95% CI, 0.39-0.81; P= .002), respectively. The use of coagulation factor concentrates
was reported in 6 studies, 2 of them were RCTs. The ORs for the infusion of fibrinogen and prothrombin
complex concentrate were 1.56 (95% CI, 1.29-1.87; P b .001) and 1.74 (95% CI, 1.40-2.18; P b .001), respec-
tively. However, frequencies and amounts were similar in the intervention and control group in the 2 RCTs. It
is presumed that TEG- or ROTEM-guided hemostatic management reduces the proportion of patients
undergoing cardiac surgery transfusedwith RBC, FFP, and platelets. This presumption is strongly supported by
similar ORs found in the analysis including RCTs only. Patient blood management based on the transfusion
triggers by TEG or ROTEM appears to be more restrictive than the one based on conventional laboratory
testing. However, evidence for improved clinical outcome is limited at this time.
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MASSIVE BLEEDING, MEDIASTINAL reexploration, and transfusion
of allogeneic blood products have been associated with increased
morbidity and mortality after cardiac surgery [1-6]. Timely diagnosis
and treatment of bleeding diathesis are thus important to prevent
such adverse events. Various hematologic causes of increased bleed-
ing have been identified, including dual-antiplatelet therapy [7,8],
reduced thrombin generation due to oral anticoagulants (eg, warfarin
and dabigatran) [9], and hypofibrinogenemia [10]. In addition,
residual heparin, hyperfibrinolysis, prolonged cardiopulmonary by-
pass, and intraoperative deep hypothermic cardiac arrest contribute
to abnormal bleeding after cardiac surgery [11,12]. Multiple blood
conservation strategies have thus been recommended for perioper-
ative patient blood management in cardiac surgery [6,7,13]. Examples
of such strategies include early cessation of antiplatelet and anti-
thrombotic agents, acute normovolemic hemodilution, intraoperative
cell scavenging, and the prophylactic use of tranexamic acid or
ε-aminocaproic acid [7]. Furthermore, implementing transfusion algo-
rithms has been repeatedly shown to reduce transfusion of allogeneic
blood products [6,14,15].

Screening for coagulation abnormalities and selected application
of hemostatic interventions in the transfusion algorithms have been
dependent on coagulation tests including platelet count, prothrombin
time (PT), activated partial thromboplastin time (aPTT), and the
Clauss fibrinogen assay. Most trigger values recommended in the
recent guidelines [16-18] have been empirically established. Indeed,
PT and aPTT cutoff values set outside the reference range can be useful
in predicting bleeding after cardiac surgery under best conditions [19].
However, a keen interest in viscoelastic point-of-care (POC) testing
including thrombelastography (TEG) and rotational thromboelasto-
metry (ROTEM) has emerged because of a long turnaround time of
the conventional laboratory testing, generally limited predictive
value, and inability to assess the interaction between cellular and
plasma hemostatic elements (according to the cell-based model of
mboelastometry for Patient Blood Management in
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coagulation) [20,21]. Although TEG and ROTEM have been reported
to have low predictive values in the statistical models of post-
operative bleeding after cardiac surgery [19,22], the mainstay use
of these POC viscoelastic tests is to choose optimal allogeneic blood
product(s) or coagulation factor concentrate(s) in the presence of
clinical bleeding [13,21,23]. A timely decision for transfusion and
proper selection of hemostatic components are pivotal in the patient
blood management because a variety of allogeneic blood prod-
ucts and coagulation factor concentrates are currently available in
many countries.

In this article, we aimed to assess the effects of TEG- or ROTEM-
guided transfusion therapy in patients undergoing cardiac surgery
regarding transfusion of allogeneic blood products. We hypothesized
that the TEG- or ROTEM-guided treatment algorithm reduces the
transfusion of allogeneic blood products.
Patients and Methods

We performed an electronic search of the MEDLINE database to
identify published prospective and retrospective clinical trials
comparing the patient cohort, in which hemostatic therapy and
transfusion of allogeneic blood products were guided by TEG or
ROTEM (intervention group), and the other cohort, which was guided
either by standard laboratory coagulation testing or by clinical
judgment (control group). The search covered the period between
January 1995 and February 2013 and was restricted to publications in
English. The following search terms were applied: “thrombelasto-
graphy” and “thromboelastometry.” Additional studies were identi-
fied by searching of reference lists and reviews as well as contacts
with experts in the field.

One hundred seventy-seven publications were identified by the
initial search. After excluding 135 publications, which were animal
studies, laboratory investigations, or unrelated to cardiac surgery, a
total of 42 relevant publications were available for further assessment.
Of them, 12 trials were finally selected because they provided data on
frequency and median amounts of transfusion in TEG- and ROTEM-
guided groups in comparison with control groups [12,14,15,24-32].

The trials were initially categorized into 3 types; (i) retrospective
cohort studies comparing 2 cohorts before and after the introduction
of a TEG- or ROTEM-guided transfusion algorithm, (ii) matched case-
control studies, and (iii) randomized controlled trials (RCTs).
Treatment algorithms including threshold values (triggers) for
component transfusion based on TEG or ROTEM parameters in the
intervention group or on conventional laboratory values in the control
group were summarized. The methodologies and pertinent parame-
ters of TEG and ROTEM have been extensively reviewed before [21].
The transfused units of allogeneic blood products and the infused
Table 1
Study characteristics

Author and year Type of study No. of participants Population

Ak et al, 2009 [24] RCT 224 CABG
Anderson et al, 2006 [25] RC 990 Mixed cardiac su
Avidan et al, 2004 [14] RCT 102 CABG
Fassl et al, 2013 [12] MCC 62 HCA
Girdauskas et al, 2010 [26] RCT 56 HCA
Görlinger et al, 2011 [27] RC 3865 Mixed cardiac su
Nuttall et al, 2001 [15] RCT 92 Patients with ble
Romlin et al, 2011 [28] MCC 100 Pediatric cardiac
Royston and von Kier, 2001 [32] RCT 60 Mixed cardiac su
Shore-Lesserson et al, 1999 [29] RCT 105 Mixed cardiac su
Spiess et al, 1995 [30] RC 1079 Mixed cardiac su
Weber et al, 2012 [31] RCT 100 Bleeding patients

Abbreviations: CABG, coronary artery bypass graft surgery; HCA, hypothermic circulatory a
MEA, multiple-electrode aggregometry (Multiplate); PFA, platelet function analyzer (PFA-1
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amounts of coagulation factor concentrates were summarized from
the publications.

The primary aim of this review was to compare the proportion of
patients transfused with allogeneic blood products including red
blood cell (RBC) concentrates, fresh-frozen plasma (FFP), and platelet
concentrates between the intervention and control groups. The sec-
ondary aim was to compare the proportion of patients who received
hemostatic agents including fibrinogen concentrate, cryoprecipitate,
prothrombin complex concentrate (PCC), and recombinant acti-
vated factor VII (rFVIIa). The median amounts of transfused allo-
geneic blood products and infused hemostatic agents were evaluated,
where available.

Finally, we evaluated the incidence of massive bleeding or massive
transfusion, surgical reexploration, and hematocrit/hemoglobin levels
and platelet count before and after surgery, where available.

Statistics

Data were summarized as numbers (percentages) of patients with
transfusion of each blood product or median amount (interquartile
range or range). Overall frequencies were compared by χ2 test and
reported as odds ratios (ORs). A P value less than .05 was considered
significant. Statistical analyses were performed using IBM SPSS
Statistics 21 (IBM Corp, Armonk, New York).

Results

Study Characteristics

The characteristics and numbers of analyzed patients in the 12
included studies [12,14,15,24-32] are presented in Table 1. In total,
these studies included 6835 patients; 3687 of them were included in
the intervention groups. More than 50% of the patients (3865/6835)
were included in one retrospective observational study [27]. In the
subgroup of RCTs (n = 7), 739 patients were included; 366 of them
were included in the intervention groups. One nonrandomized study
including 100 patients was performed in pediatric cardiac surgery
[28], whereas all the other studies were performed in adult patients.
Sample size varied from 56 to 3865 in all studies and from 56 to 224
in the 7 RCTs.

The studies included all types of cardiac surgery with varying risks
of transfusion. Five studies included patients with high risk of
transfusion; 2 of them solely included patients with bleeding after
cardiac surgery [15,31], 2 studies included patients undergoing
hypothermic circulatory arrest [12,26], and 1 study included pediatric
patients undergoing cardiac surgery (median age, 5 months; median
weight, 5.7 kg) [28].
Intervention algorithm Control group algorithm Follow-up transfusion

TEG only No; clinical judgment Hospital discharge
rgery ROTEM only No; clinical judgment Hospital discharge

TEG + PFA + HMS SLT-based algorithm 24 h perioperatively
ROTEM only No; clinical judgment 24 h perioperatively
ROTEM only SLT-based algorithm Hospital discharge

rgery ROTEM + MEA No; clinical judgment Hospital discharge
eding TEG + POC No; clinical judgment Hospital discharge
surgery ROTEM only No; clinical judgment 24 h perioperatively
rgery TEG only SLT-based algorithm 48 h perioperatively
rgery TEG only SLT-based algorithm 48 h perioperatively
rgery TEG only No; clinical judgment Hospital discharge

ROTEM + MEA SLT-based algorithm Hospital discharge

rrest; HMS, heparin monitoring system (Hepcon); MCC, matched case-control study;
00); RC, retrospective cohort study; SLT, standard laboratory tests.
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Transfusion Algorithms

Eight studies used TEG or ROTEM in the intervention group as
a sole guide for hemostatic intervention(s), whereas the other 4
studies used TEG or ROTEM in combination with POC PT and aPTT
measurements, with platelet function analyzers (PFA-100, Dade-
Behring, Marburg, Germany or multiple-electrode aggregometry,
Roche Diagnostics, Rotkreuz, Switzerland), and with heparin concen-
tration–based anticoagulation (Hepcon, Medtronic, Minneapolis, MN
heparin monitoring system; Table 1).

The triggers for RBC, FFP, and platelet transfusion are indicated in
Table 2. The threshold values of hemoglobin and hematocrit trig-
gering RBC transfusion varied between 7 and 11 g/dL and between
21% and 25%, respectively. The selected levels were identical between
the intervention and control groups in the respective study. However,
the triggers for FFP and platelet transfusion based on TEG/ROTEM and
on standard laboratory testing varied widely among different studies.
In 4 studies, there was no algorithm for FFP and platelet transfusion in
the control group, and it was administered by clinical judgment. The
triggers for platelet transfusion were based on amplitude/clot firm-
ness in the intervention groups and/or platelet function analyzers,
where available. Thereby, different threshold levels of maximal am-
plitude (MA) andmaximal clot firmness (MCF) were used on TEG and
ROTEM, respectively (Table 2). In the case of ROTEM, the amplitudes
of clot firmness at 10 or 15minutes (A10 or A15)were preferably used
as a treatment trigger because they can be assessed earlier than MCF
and they are highly predictive of MCF [33]. In the control groups, a
platelet count below 100 × 103/μL was most frequently used as a
transfusion trigger.

The triggers for administration of coagulation factor concentrates
or cryoprecipitate varied widely among studies (Table 2). In 5 studies
conducted in Europe [12,26-28,31], fibrinogen concentrate was dosed
according to the low amplitude/clot firmness on FIBTEM, whereas
cryoprecipitate was a treatment option in 2 studies from the United
States using the TEG device [29,30]. Prothrombin complex concen-
trate was used in 4 studies using the ROTEM device [12,26,27,31]. In
most studies, rFVIIa was used as a rescuemedication, but there was no
clear protocol or treatment trigger.

Frequencies of Transfusions of Allogeneic Blood Products and
Administration of Coagulation Factor Concentrates

Frequencies of transfusion of RBC, FFP, and PC were available in 10
of the 12 included studies (Table 3). The frequency of transfusion of
any of these allogeneic blood products was available in 6 studies. The
proportion of patients with RBC, FFP, and platelet transfusion in all
studies and in RCTs only is shown in Figure A/B. Including all studies,
the ORs were 0.62 (95% confidence interval [CI], 0.56-0.69; P b .001)
for RBC transfusion, 0.28 (95% CI, 0.24-0.33; P b .001) for FFP trans-
fusion, and 0.55 (95% CI, 0.49-0.62; P b .001) for platelet transfusion.
Including RCTs only, the ORswere 0.54 (95% CI, 0.38-0.77; P b .001) for
RBC transfusion, 0.36 (95% CI, 0.25-0.53; P b .001) for FFP transfusion,
and 0.57 (95% CI, 0.39-0.81; P = .002) for platelet transfusion. Odds
ratios for any transfusion in all studies and in RCTs only were 0.65
(95% CI, 0.58-0.72; P b .001) and 0.62 (95% CI, 0.47-1.83; P = .002),
respectively. The median amounts of transfused allogeneic blood
products were lower in the intervention groups of most studies. No
study showed higher median amounts of transfused allogeneic blood
products in the intervention group (data not shown).

Coagulation factor concentrates were used in 5 studies from
Europe using the ROTEM device. Cryoprecipitate was a treatment
option in 2 studies from the United States [29,30], but transfusion of
cryoprecipitate was reported in only 1 of these studies [30]. The ORs
for using factor concentrates were higher in the intervention group
including 5262 patients from all studies (Table 4); ORswere 1.56 (95%
CI, 1.29-1.87; P b .001) for fibrinogen concentrate/cryoprecipitate and
Please cite this article as: Bolliger D, Tanaka KA, Roles of Thrombelasto
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1.74 (95% CI, 1.40-2.18; P b .001) for PCC. These data may indicate that
factor concentrates are favored over FFP under ROTEM guidance.
However, there was no higher frequency or amount of coagulation
factor concentrate in the ROTEM group in 2 RCTs including 156
patients by Girdauskas et al [26] and Weber et al [31] or in the
matched case-control study by Fassl et al [12] including 62 patients. In
4 studies, the administration of rFVIIa was reported. In one study [31],
rFVIIa was used more frequently in the control group, whereas there
was no difference in the other 3 studies [12,26,27].

Massive Bleeding and Surgical Reexploration

Themassive bleeding was reported in 2 studies and was defined as
(i) mediastinal drainage volumes more than 1000 mL in 24 hours [12]
and (ii) blood loss of more than 400 mL within the first hour or more
than 100 mL per hour for 4 consecutive hours [24]. The massive
transfusion was reported in 2 studies and was defined as (i) more
than 10 U of RBC transfusion [27] or (ii) more than 20 U of any
allogeneic blood product [26]. Massive bleeding and/or transfusion
was found in 38 (1.6%) of 2319 patients in the intervention group
and 69 (3.7%) of 1888 patients in the control group (OR, 0.44; 95% CI,
0.29-0.66; P b .001).

The incidence of surgical reexploration was indicated in 9 studies
[12,15,24-27,30-32]. Surgical reexploration was performed in 67
(2.2%) of 3031 patients in the intervention group and in 128 (5.1%) of
2507 patients in the control group (OR, 0.42; 95% CI, 0.31-0.57; P b

.001). Including RCTs only, the OR for reexploration was 0.34 (95% CI,
0.19-0.61; P b .001).

Hemoglobin levels before and after surgery were similar in the
intervention and control groups in all studies who provided these
data. Platelet count was similar in the intervention and control groups
in all studies before surgery, but higher platelet counts after surgery
in the intervention group were reported in 3 studies [12,28,31].

Discussion

Based on our analysis, we presume that the transfusion triggers
based on TEG or ROTEM analyses reduced the proportion of patients
transfused with platelets and FFP in patients undergoing cardiac
surgery. Also, the proportion of patients transfused with RBC was
significantly lower under transfusion guidance by TEG or ROTEM
despite identical RBC transfusion triggers. We found the similar ORs
whether we included all type of studies or RCTs exclusively, which
strongly support our presumption. In the European studies, reduction
of transfused allogeneic blood products seemed to be accompanied
by increased administration of coagulation factor concentrates. How-
ever, in 2 newer RCTs [26,31] and a recentmatched case-control study
[12], there was no difference in the frequency and amount of admin-
istered coagulation factor concentrates.

The administration of allogeneic blood products including RBC,
FFP, and platelets in cardiac surgery and in critically ill patients has
been associatedwith increasedmortality andmorbidity [1-3,6,34-37].
Therefore, the reduction or even avoidance of transfusion of allo-
geneic blood products is the goal of patient blood management and
has been advocated by the recent guidelines of the European and
American Society of Cardiothoracic Surgeons and Anesthesiologists as
a 1A recommendation [7,38]. In recent years, POC-guided hemostatic
transfusion algorithms have been suggested to be advantageous in
terms of time efficiency and clinical efficacy of hemostatic therapies
as well as total treatment costs [27,31,39]. The implementation of
TEG- and ROTEM-guided transfusion algorithms has, therefore, been
advocated in the recent European guidelines for the management of
perioperative bleeding as a 1C recommendation [38]. However, the
recent systematic reviews by Wikkelsoe et al [40] and by Afshari et al
[41] questioned the efficacy of viscoelastic tests in reducing post-
operative bleeding, transfusion requirements, adverse events, and
graphy and Thromboelastometry for Patient Blood Management in
rv.2013.08.004
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Table 2
Transfusions triggers

Author and year RBC trigger FFP trigger Platelet trigger Fibrinogen/Cryo Trigger

Intervention Control Intervention Control Intervention Control Intervention Control

Ak et al, 2009 [24] Hct b25% Hct b25% R N14 min PT N14 s or aPTT N

1.5 × normal
MA b48 mm PC b100 × 103/μL NA NA

Anderson et al,
2006 [25]

Hct b21% Hct b21% CTINTEM and CTHEPTEM
prolonged and MCFFIBTEM
b6 mm

INR N1.5 or surgical
request

CTINTEM and CTHEPTEM prolonged
and MCFFIBTEM N6 mm

PC b100 × 103/μL or b0.5×
preoperatively PC

NA NA

Avidan et al, 2004 [14] Hb b8 g/dL Hb b8 g/dL R N10 min INR N1.5 or aPTT N1.5× normal Prolonged closure time in PFA PC b50 × 103/μL NA NA
Fassl et al, 2013 [12] Hb N7-10 g/dL Hb N7-10 g/dL CTINTEM and CTHEPTEM

N240 s and MCFFIBTEM
N8 mm

Clinical decision A15EXTEM b48 mm and A15FIBTEM
N10 mm

Clinical decision A15FIBTEM ≤8 mm or
A15EXTEM b48 mm and
A15FIBTEM ≤10 mm

Clinical decision

Girdauskas et al,
2010 [26]

Hb b8.5 g/dL Hb b8.5 g/dL CTHEPTEM N260 s aPTT N60 s or INR N1.5 MCFHEPTEM b35 mm or MCFHEPTEM
35-45 mm and MCFFIBTEM N8 mm

PC b100 × 103/μL MCFFIBTEM b8 mm Fibrinogen b 1.5 g/L

Görlinger et al,
2011 [27]

Hb b8-10 g/dL Hb b8-10 g/dL CTEXTEM N 90 s or CTHEPTEM
N240 s, only after PCC

Profuse bleeding after
heparin reversal

A10EXTEM b40 mm and A10FIBTEM
N10 mm, decreased platelet
aggregation in MEA

PC b100 × 103/μL A10FIBTEM ≤10 mm and
A10EXTEM ≤40 mm

Clinical decision

Nuttall et al,
2001 [15]

NA NA PT N16.6 s or aPTT
N57 s (POC)

Clinical decision MA b48 mm and PC b102 000/μL Clinical decision Fibrinogen b1.44 g/L Clinical decision

Romlin et al,
2011 [28]

Hb b11 g/dL Hb b11 g/dL CTHEPTEM N240 s NA MCFHEPTEM b50 mm NA MCFFIBTEM ≤8 mm NA

Royston and von
Kier, 2001 [32]

NA NA R N14 min PT or aPTT N1.5× normal MA b48 mm PC b50 × 103/μL NA NA

Shore-Lesserson
et al, 1999 [29]

Hct b25% Hct b25% R N20 min PT N1.5× normal MA b45 mm and PC
b100 × 103/μL

PC b100 × 103/μL Fibrinogen b1 g/L Fibrinogen b1 g/L

Spiess et al,
1995 [30]

NA NA NA NA NA NA NA NA

Weber et al, 2012 [31] Hb b8-10 g/dL Hb b8-10 g/dL CTEXTEM N90 s or
CTHEPTEM N240 s,
only after PCC

aPTT N50 s or INR N1.4 A10EXTEM b40 mm and A10FIBTEM
N10 mm, decreased platelet
aggregation in MEA

PC b80 × 103/μL A10FIBTEM ≤10 mm and
A10EXTEM ≤40 mm

Fibrinogen b1.5 g/L

Abbreviations: A10 and A15, clot firmness after 10 and 15 minutes in EXTEM, HEPTEM, or FIBTEM tests; Hb, hemoglobin; Hct, hematocrit; INR, international normalized ratio; MEA, multiple-electrode aggregometry; NA, data not available or
hemostatic mean not used; PC, platelet count; PFA, platelet function analyzer; R, R time in heparinase-coated TEG test.
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Table 3
Transfusions of allogeneic blood products

Author and year RBC FFP Platelets Any transfusion

Intervention Control Intervention Control Intervention Control Intervention Control

Ak et al, 2009 [24] 52/114 (46) 60/110 (55) 19/114 (17) 31/110 (31) 17/114 (15) 29/110 (26) NA NA
Anderson et al, 2006 [25] 270/502 (53) 294/488 (60) 60/502 (12) 81/488 (17) 56/502 (11) 77/488 (16) NA NA
Avidan et al, 2004 [14] 34/51 (68) 35/51 (69) 2/51 (4) 0/51 (0) 2/51 (4) 1/51 (2) NA NA
Fassl et al, 2013 [12] 15/31 (48) 22/31 (71) 10/31 (33) 20/31 (65) 9/31 (29) 7/31 (23) 18/31 (58) 25/31 (85)
Girdauskas et al, 2010 [26] 24/27 (89) 27/29 (93) 9/27 (33) 25/29 (86) 14/27 (52) 23/29 (79) 24/27 (89) 29/29 (100)
Görlinger et al, 2011 [27] 868/2147 (40) 854/1718 (50) 24/2147 (1) 333/1718 (19) 280/2147 (13) 173/1718 (10) 906/2147 (42) 902/1718 (53)
Nuttall et al, 2001 [15] NA NA NA NA NA NA NA NA
Romlin et al, 2011 [28] 29/50 (58) 39/50 (78) 7/50 (14) 39/50 (78) 38/50 (76) 6/50 (12) 32/50 (64) 46/50 (92)
Royston and von Kier, 2001 [32] NA NA NA NA NA NA 5/30 (17) 10/30 (33)
Shore-Lesserson et al, 1999 [29] 22/53 (42) 31/52 (60) 4/53 (8) 16/52 (31) 7/53 (13) 15/52 (29) NA NA
Spiess et al, 1995 [30] 361/591 (74) 406/488 (83) 156/591 (26) 176/488 (36) 285/591 (48) 289/488 (59) 464/591 (79) 421/488 (86)
Weber et al, 2012 [31] 20/50 (40) 40/50 (80) 42/50 (84) 49/50 (98) 28/50 (56) 33/50 (66) NA NA

Data are number of patients with transfusions/all exposed patients (percentage).
Abbreviations: NA, data not available.
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mortality. We found some evidence of reduced bleeding and surgical
reexploration after cardiac surgery in the present study. Mortality was
reported in only 3 studies [26,27,31]. Of them, one study showed
reduced mortality in the intervention group [31], whereas others did
not. The lack of effects on mortality might be explained by the
inclusion of either low-risk or high-risk patients and patients with
bleeding only. In these patients, the positive effects of TEG and ROTEM
as suggested in this study might not be high enough to result in
decreased mortality. However, TEG and ROTEM were developed as a
POC coagulation test to guide hemostatic interventions including
platelets, FFP, cryoprecipitate, or coagulation factor concentrates.
Therefore, the primary aim of such systematic reviews should be the
analysis of transfused allogeneic blood products and not bleeding (or
prediction of bleeding) or mortality.

Regarding the different allogeneic blood products, especially FFP,
transfusion is decreased by 3 to 4 times when using TEG or ROTEM.
There are several reasons for this finding. First, FFP transfusions are
Fig. Frequency of transfusion of allogeneic blood products. Percentage of patients with
transfusion of RBC concentrates, FFP, and platelets is shown. Black and white columns
indicate the intervention (TEG or ROTEM guidance) and control groups, respectively.
Numbers within the columns indicate patients with transfusion. A, All studies (3616
patients in the intervention group and 3067 in the control group). B, RCTs only (295
patients in the intervention group and 292 patients in the control group). *P b .05.
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usually triggered by prolonged PT or aPTT [19,42]. However, the
triggers for PT/aPTT are merely recommendations, may vary widely
(Table 2), and have not been adequately validated in the periopera-
tive setting. In addition, the results of PT and aPTT are often imprac-
ticable to guide FFP therapy in acute bleeding because the turnaround
times of these classical laboratory tests ranged from 29 to 235minutes
[43]. Point-of-care devices for these tests might be helpful [19]. In
the viscoelastic tests, R time in TEG and coagulation time (CT) in
ROTEM are used as a trigger for FFP transfusion. R time and CT are not
prolonged in parallel with PT or aPTT [21], and the correlations
between these parameters are rather poor [21,44]. The most likely
reasons for these findings are that R time and CT are influenced by
fibrinogen levels [45-47], by the cellular components (especially
platelets) even in warfarin-treated patients [48], and potentially by
decreased antithrombin levels in hemodilution [21]. Accordingly,
viscoelastic tests using currently available reagents are not recom-
mended for the assessment or hemostatic management of neither
classical (warfarin) nor new oral anticoagulants (dabigatran, rivar-
oxaban, etc) [48,49]. Furthermore, angle and MA of viscoelastic tests
are also strongly dependent on platelet counts and fibrinogen levels
[45,47,50]. Second, even high amounts of FFP will lead to only small
improvement in MCF. For example, about 11 to 13 mL/kg of FFP is
required to improve MA in ROTEM tests by 1 mm [47]. In summary,
FFP is less likely to be the primary choice for correcting coagulopathy
based on TEG or ROTEM.

The overwhelming number of patients was included in a study
comparing the use of FFP before and after the introduction of ROTEM
[27]. Our findings might, therefore, be biased by this study. However,
there was a consistent reduction in administration of FFP in most
studies. Furthermore, the administration of FFP was reduced by nearly
40% when only RCTs were included in the analysis. This reduction
in administration of FFP in TEG- or ROTEM-guided algorithms as part
of patient blood management potentially reduces complications asso-
ciated with FFP [31,37,51].

With regard to the use of fibrinogen concentrate, several European
studies indicated the increased usage at the introduction of ROTEM
and specific monitoring of fibrin polymerization (FIBTEM test)
[27,28,39,52]. This is because the mainstay hemostatic interventions
in the historic control groups were FFP and platelet concentrates
(note: cryoprecipitate is unavailable in most European countries).
Although purified factor concentrates are derived from the allogeneic
human plasma pools, they are regulated as biological drugs with the
national drug code. These products are infused without preceding
type matching and are not considered as blood transfusion. In case of
bleeding, fibrinogen levels can be estimated by ROTEM in a timely
fashion (b10-15 minutes of testing) [23,50], and fibrinogen concen-
trate can be quickly administered to achieve the target of FIBTEM-MCF
graphy and Thromboelastometry for Patient Blood Management in
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Table 4
Infusion of coagulation factor concentrates

Author and year Fibrinogen/Cryoprecipitate Administered amount of
fibrinogen/cryoprecipitate

PCC Administered amount
of PCC

rFVIIa

Intervention Control Intervention Control Intervention Control

Fassl et al, 2013 [12] 23/31 (73) 24/31 (77) Similar (P N .05) 7/31 (23) 4/31 (13) Similar (P N .05) 0/31 (0) 0/31 (0)
Girdauskas et al, 2010 [26] 21/27 (78) 26/29 (90) Similar (P N .05) 4/27 (15) 26/29 (90) Higher in control group

(P b .05)
1/27 (4) 2/29 (7)

Görlinger et al, 2011 [27] 215/2147 (10) 64/1718 (4) NA 191/2147 (9) 76/1718 (4) NA 0/2147 (0) 1/1718 (0)
Romlin et al, 2011 [28] 8/50 (16) 1/50 (2) Higher in intervention group

(P b .05)
NA NA NA NA

Spiess et al, 1995 [30] 39/591 (6) 44/488 (9) NA NA NA NA NA
Weber et al, 2012 [31] 32/50 (64) 30/50 (60) Similar (P N .05) 22/50 (44) 26/50 (52) Similar (P N .05) 1/50 (2) 12/50 (24)

Data are numbers of patients with infusion/all exposed patients (percentage). P values are reported for differences in median amounts of coagulation factor concentrates.
Abbreviations: NA, data not available or hemostatic mean not used.
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between 8 and 10 mm [12,26,27,31] corresponding to 1.5 to 2 g/L of
plasma fibrinogen [53]. This is substantially higher than the threshold
level of fibrinogen at 0.8 to 1 g/L recommended by most international
guidelines [16,17]. However, 2 recent RCTs [27,31] and a matched
case-control study with contemporary controls [12] from European
countries, in which fibrinogen concentrate is licensed for the treat-
ment of acquired hypofibrinogenemia, demonstrated that the re-
quirements for fibrinogen concentrate were similar between the
ROTEM-guided and control groups. The use of FFP is more cumber-
some because each unit needs to be thawed (note: thawed plasma is
unavailable in most European hospitals) and to be blood type com-
patible. The recent European clinical experiences with fibrinogen
concentrate under ROTEM guidance [12,26,27,31] resulted in higher
targeted fibrinogen levels (N1.5 g/L) and reduced FFP usage. However,
acquired hypofibrinogenemia after major surgery and trauma is
presumed to be an important cause of bleeding [20,54], but further
trials are needed to establish the most effective fibrinogen target as
assessed by ROTEM or Clauss assay in cardiac surgery or other inva-
sive procedures.

The reduction of platelet transfusion by TEG or ROTEM was also
observed, but it was not extensively different from the control group.
Platelet transfusion is conventionally triggered by platelet count
below 100 × 103/μL. The empirical trigger value was never adequately
tested in the perioperative setting, and in one study, Avidan et al [14]
demonstrated that platelet transfusion rates were similar in both
groups using a trigger value of below 50 × 103/μL. In contrast, trigger
value in patients with recent intake of antiplatelet medications
such as aspirin and P2Y12 receptor agonists might be even higher than
100 × 103/μL. Commonly used TEG test and all ROTEM tests are not
influenced by most platelet inhibitors, and the value of platelet
function monitoring in the perioperative setting is poorly standard-
ized and its values are limited in this setting by its dependency on
platelet count [55]. The indication and trigger values for its intraope-
rative and postoperative use of platelet concentrates remains, there-
fore, unclear [38], and transfusion of platelets are often triggered by
educated guess based on additional information as the medical
history of the patient. Earlier studies using the TEG device did not
have sufficient sensitivity to differentiate between hypofibrinogen-
emia and thrombocytopenia [50]. Therefore, the transfusion of plate-
lets might have been similar in the intervention and control groups in
earlier TEG studies [14,30]. Finally, the triggers for platelet transfusion
based on MCF or amplitude after 10 or 15 minutes (A10 and A15) in
TEG and ROTEM studies are mostly empirical, and these cutoff values
were never adequately validated.

Interestingly, the frequency of RBC transfusion was also consis-
tently decreased in patients with a ROTEM- or TEG-guided transfusion
algorithm in comparison with the control group, despite identical
triggers for RBC transfusion. Triggers for RBC transfusion are based on
hemoglobin or hematocrit measurements. Therefore, it might be con-
cluded that hemoglobin and hematocrit levels were decreased more
distinctly during and after cardiac surgery in patients with a manage-
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ment based on standard laboratory tests or on clinical decision. It is
also speculated that the transfusion of FFP leads to a dilution of the
RBCs, whereas reduced FFP transfusion or small volumes of coagu-
lation factor concentrates might lead to higher hemoglobin levels [56]
and platelet count after surgery [28,31].

The question arises whether the difference found in our study is
based on too liberal transfusion triggers in the control groups [57]. In
fact, we cannot exclude that a more restrictive blood management in
the control groups might have led to similar transfusion rates, as in
the TEG- and ROTEM-guided groups. There is a paucity of evidence to
support these hemostatic trigger values because most of them were
never adequately tested (eg, discriminative analysis using the receiver
operating characteristic curve). Another limitation is the turnaround
time of laboratory testing, and clinical judgment to transfuse with FFP
and platelets might have been made when the results were
unavailable within reasonable time in patients with bleeding [27,31].

Reduced transfusion rates in the TEG- or ROTEM-guided groups
are reported not only in cardiac surgery but also in liver transplant
[58] and trauma [59]. Particularly in liver transplantation, coagulation
monitoring by TEG or ROTEM was useful in identifying coagulopathy
[60], whereas standard coagulation testing is of limited value in such
patients. The same seems to be true in patients with trauma. How-
ever, evidence for the use of TEG or ROTEM is limited because of
the low number of RCTs in these populations, and the same limita-
tions of inadequately triggered transfusion by conventional labora-
tory tests exist.

Lastly, it is important to discuss the use of antifibrinolytics in
cardiac surgery. Both TEG and ROTEM can detect systemic fibrinoly-
sis when profibrinolytic enzymes, tissue plasminogen activator and
plasmin, override the endogenous antifibrinolytic system [61]. In
cardiac surgery, ε-aminocaproic acid or tranexamic acid is routinely
used during cardiopulmonary bypass; therefore, seeing fibrinolysis
on TEG or ROTEM is rare. The lack of systemic fibrinolysis does not
exclude the usefulness of antifibrinolytic therapy because lysine ana-
logues have been repeatedly shown to reduce postoperative bleeding
in cardiac and other surgical procedures [62]. In contrast, in high-risk
cases for thrombosis, for example, ongoing sepsis, vegetation on
native or prosthetic valves, liver dysfunction, or on extracorporeal
membrane oxygenation, it may be important to selectively use an
antifibrinolytic agent only when fulminant fibrinolysis is detected on
TEG or ROTEM.

This review has several strengths and limitations. Compared with
the previous systematic reviews [40,41], it includes newer studies
[12,27,31], which partially showed an improved outcome and
decreased mortality in patients with ROTEM-guided transfusion
management. By assessing MEDLINE database, checking reference
lists in articles of interest, and referring to experts in the field, we
might have identified and included the most important studies. In
addition, we included not only RCTs but also retrospective studies
with historical controls and matched case-control studies. One of
these studies included more than 50% of patients, thereby potentially
graphy and Thromboelastometry for Patient Blood Management in
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overwhelming the other studies. However, ORs for transfusion were
minimally altered when including RCTs only. Furthermore, exact
numbers of transfused allogeneic blood products were not evaluated,
and the definitions of massive bleeding and/or transfusion varied
between the included studies. These limitations might have contrib-
uted to the different findings compared with earlier meta-analyses
[40,41]. Finally, reliability, maintenance, and calibration of POC de-
vices outside the central laboratory setting might be questioned. In
fact, none of the included studies stated regular quality control of the
device's performance.

Conclusion

It is presumed that transfusion algorithms based on TEG or
ROTEM are more restricted on the use of FFP and platelets compared
with the guidance based on commonly used laboratory tests without
increasing bleeding diathesis after cardiac surgery. Furthermore, it is
speculated that viscoelastic testing leads to lesser transfusion of
RBCs because of the lack of hemodilution by FFP transfusion. These
views are strongly corroborated by the findings in 7 RCTs. In
addition, the use of TEG or ROTEM is acceptable in guiding the
selective use of factor concentrates in a timely manner. There is still
a lack of clear evidence for improved patient outcome with TEG or
ROTEM, which warrants further studies.
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