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Summary

Background Patients undergoing major surgery frequently experience major uncontrolled bleeding. The aim
of this systematic review and meta-analysis was to evaluate the clinical efficacy of using viscoelastic haemostatic
assays to manage peri-operative bleeding in elective surgery.

Methods We searched PubMed/MEDLINE and Embase databases for randomised controlled trials according
to pre-determined criteria. The primary outcomes were blood product requirements; duration of stay in the
operating theatre or ICU; and surgical reintervention rate.

Results We included 20 randomised controlled trials. The overall risk of bias was low to moderate. Twelve
studies used thromboelastography-based transfusion algorithms, while eight used thromboelastometry.
Viscoelastic haemostatic assay-guided therapy was associated with a statistically significant reduction in
transfusion of red blood cells (standardised mean difference (95%Cl) 0.16 (-0.29 to 0.02)), platelets
(standardised mean difference (95%Cl) -0.33 (-0.56 to -0.10)) and fresh frozen plasma (standardised mean
difference (95%Cl) -0.64 (-1.01 to -0.28)). There was no evidence of an effect of viscoelastic haemostatic
assay-guided therapy on surgical reintervention (relative risk (95%Cl) 1.09 (0.70-1.69)). Viscoelastic
haemostatic assay-guided therapy was associated with lower blood loss and shorter ICU duration of stay. There
was no evidence of any effect on total duration of stay and all-cause mortality.

Conclusions Viscoelastic haemostatic assay-guided therapy may reduce peri-operative blood product
transfusion requirements and blood loss during major elective surgery, with no discernible effect on
patient-centred outcomes. The overall quality of evidence was modest.
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Introduction administering goal-directed therapy in patients at high risk
Patients undergoing major surgery frequently experience of major bleeding (e.g. major traumatic haemorrhage,
major or uncontrolled bleeding [1]. Current best practice patients with liver disease, cardiac surgery, liver transplant
guidelines  support monitoring  coagulopathy and surgery and postpartum haemorrhage [2-6]).
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Management of peri-operative bleeding includes
empirical transfusion of blood products which can be
monitored with conventional laboratory coagulation assays
or by using viscoelastic haemostatic assays (VHA) [7].
Examples of VHAs include thromboelastography (TEG®
haemostasis analyser, Haemonetics Corporation, Boston,
MA, USA), rotational thromboelastometry (ROTEM®
analyzer, Werfen Instrumentation Laboratory, S.p.A., Milan,
ltaly); the Sonoclot® system (Sienco Inc., Boulder, CO, USA);
and the Quantra® system (HemoSonics, Durham, NC, USA)
[8-10]. Viscoelastic haemostatic assays use whole blood
with different activators to examine clot initiation, formation
and possibly clot lysis stages [11]. The need for rapid
coagulation assessment is critical to guide specific therapy
in patients experiencing major bleeding, and VHAs
potentially provide a real-time assessment of haemostasis to
allow for more targeted intervention [12]. Viscoelastic
haemostatic assay assessment of fibrinolysis may also be
useful in other settings, such as liver disease [13].

The use of coagulation-guided algorithms with
peri-operative monitoring of bleeding has the potential to
inform specific therapeutic interventions leading to
optimised haemostatic management which may reduce the
requirement for allogeneic blood product transfusion and
improve clinical outcomes. Guidelines recommend
application of transfusion algorithms with predefined
intervention triggers according to the type of VHA being
used [2, 14-16]; however, only the European Society of
Cardiology provides a grade 1A recommendation for this
approach [17]. Previous work has shown that VHA-guided
therapy may reduce transfusion requirements with possible
improvements in clinical outcomes [18]. However, these
studies included heterogeneous patient groups which can
limit meta-analysis due to differences in monitoring and
management (e.g. elective vs. emergency surgery/major
trauma) [19]. Therefore, the aim of this systematic review
was to summarise the published evidence on the use of
VHA-guided therapy, focusing only on patients undergoing

major elective surgery.

Methods

This review was conducted and reported according to
PRISMA guidelines [20]. A systematic literature search was
undertaken in PubMed/MEDLINE and Embase databases
from inception to 28 February 2023 and updated on 5 July
2024. A detailed search strategy is provided in online
Supporting Information Appendix S1. Inclusion criteria were
prospective randomised controlled trials that evaluated
VHA-guided therapy vs. usual care controls in adult patients

undergoing major elective surgery. Only articles available in

English were included. All identified articles were screened
using predefined inclusion and exclusion criteria by two
independent researchers and approved by all authors.

Data were extracted using pre-determined criteria by
two independent researchers. In case of disagreement, the
authors were consulted and all authors reviewed and
agreed on the final extracted data. The primary outcomes
were the use of blood products (red blood cells (RBCs);
platelets and fresh frozen plasma (FFP)); duration of stay in
ICU and/or in the operating theatre; and surgical
reintervention rate. Secondary outcomes included
cryoprecipitate transfusion; use of fibrinogen concentrate;
blood loss (volume of blood loss over a defined period of
time); other peri-operative complications (e.g. infection,
myocardial infarctions, cerebral vascular accident, venous
thromboembolism); all-cause mortality; and total hospital
duration of stay. The quality of evidence was assessed
through a risk of bias analysis of all included studies,
performed by two independent authors, using the
Cochrane Risk of Bias 2 (RoB2) tool [21].

All analyses were performed using the
DerSimonian-Laird random-effects model, regardless of the
heterogeneity between studies. Heterogeneity between
studies was assessed based on the significance of the
between-study heterogeneity and the size of the I? value.
Substantial heterogeneity was assumed if 1 > 50%. The
studies typically reported the results for the continuous
outcomes in different ways. For example, some studies
reported values in units for the transfusion-related
outcomes, while others reported values in millilitres. Due to
the difficultly in converting between units, the analysis for
continuous outcomes was performed by calculating the
standardised mean difference (SMD) between groups,
rather than the raw difference. The SMD is calculated by
taking the difference in the group means and dividing it
by the standard deviation of the groups. For example, for
the outcome evaluating RBC units, an SMD of -1 means that
on average one fewer unit of RBCs was used. For categorical
outcomes the pooled treatment differences between the
groups were expressed as relative risk (RR). Results are
reported as SMD or RR with 95%ClI. The two-sided level of
statistical significance was 0.05. Statistical analyses were
performed using Stata version 15.1 (STATACorp LP,
College Station, TX, USA).

Results

The search identified 658 unique articles which went
through the full screening process (Fig. 1). After a full text
review, 20 randomised controlled trials [12, 22-40], which

enrolled 2405 participants, were included in this systematic
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Figure 1 Study flow diagram. *The previous review included non-elective surgery which were excluded from this analysis;
**Trials thatincluded non-elective surgery, did not use a viscoelastic device and/or were not conducted in the peri-operative

setting.

review. Details of all included studies can be found in online
Supporting information Table S1. The population size varied
from 26 patients to 224 patients and only three types of
surgery were included: cardiac (n = 12); liver (n = 7); and
orthopaedic(n = 1). Twelve studies applied a fully TEG-based
transfusion algorithm, with 10 studies [12, 22, 23, 25, 30, 32,
34, 37, 39, 40] using the TEG haemostasis analyser
(Haemonetics Corporation) and two studies [33, 36] using
MonoTEM-A®
remaining eight studies used a thromboelastometry-based
transfusion  algorithm  (ROTEM®  devices, Werfen
Instrumentation Laboratory) [24, 26-29, 31, 35, 38]. No
studies using any other VHA device met the inclusion criteria.

(FramarHemologix, Rome, ltaly). The

Compared with our previous meta-analysis, which included
nine studies in two elective surgery settings [18], this updated
meta-analysis includes 12 additional studies (eight using
ROTEM assays and four using TEG assays). Patient
characteristics of all included studies are shown in online
Supporting Information Table S1 and the transfusion
algorithms used are summarised in online Supporting
Information Table S2.

The overall risk of bias in the included studies ranged

from low to unclear (Fig. 2). Six studies were judged to be at

low risk of bias[12, 24, 25, 31, 33, 40], with one study judged
high risk because of four patients being moved from the
algorithm group to the control group due to unavailability of
study personnel on the day [30]. The remainder of the
studies had some concerns, usually due to a lack of
specification of the randomisation method and allocation
blinding. Bias also occurred due to difficulties of blinding an
intervention involving interpreting a device output and
therefore treating clinicians or outcome assessors may have
been aware of the allocated intervention.

The pooled results for key primary and secondary
outcomes are summarised in Table 1 and all analysed
outcomes are in online Supporting Information Table S3.
The effects of VHA-guided therapy on transfusion-related
and clinical outcomes are shown in Fig. 3 and online
Supporting Information Figure S1, respectively. The largest
contributions of the new included studies when compared
with our previous review [18] were on the effects of
VHA-guided therapy on transfusion of platelets (39.7%
weighting, three new studies), RBC (38.8% weighting, four
new studies) and FFP (32.4% weighting, two new studies).
haemostatic

Viscoelastic assay-guided therapy was

associated with less RBC transfusion (SMD (95%Cl) -0.16 (-
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Figure 2 Risk of biasinincluded studies. Green circle, low
risk of bias; yellow circle, unclear risk of bias; red circle, high
risk of bias.

0.29 to -0.02), I? = 0%, p = 0.02), less platelet transfusion
(SMD (95%Cl) -0.33 (-0.56 to -0.10), I? = 41%, p = 0.004)
and less FFP transfusion (SMD (95%Cl) -0.64 (-1.01 to -
0.28), 1> = 78%, p = 0.001) when compared with the control
group. There was no evidence of an effect of
VHA-guided therapy on surgical reintervention rates (RR
(95%Cl) 1.09 (0.70-1.69), p =0.71). Differences in
transfusion requirements according to the type of VHA used
are shown in Table 1 and online Supporting Information
Table S3.

New data were provided for ICU duration of stay (19.0%
weighting, one study) and for rates of surgical reintervention
(15.1% weighting, one study). Overall, VHA-guided therapy
was associated with a shorter operating theatre duration of
stay (SMD (95%Cl) -0.75 (-1.27 t0 -0.23), p = 0.005) and ICU
duration of stay (SMD (95%Cl) -0.18 (-1.36 to0 -0.01), 12 = 0%,
p = 0.04), although only one study measured operating
theatre duration of stay [12] (online Supporting Information
Figures S1 and S2). Viscoelastic haemostatic assay-guided
therapy was associated with less cryoprecipitate transfusion,
lower blood loss and fewer peri-operative complications
(SMD (95%Cl) 0.46 (0.30-0.69), p < 0.001) but these
estimates were only available in studies using
thromboelastography. There was no evidence of an effect
on all-cause mortality (RR (95%Cl) 0.95[0.71-1.26], 12 = 0%,
p=0.71).

One study accounted for nearly one-third of the total
meta-analysis study population and had the highest risk of
bias [30]. We performed a sensitivity analysis which did not
include this study and the overall trends did not differ from
what was observed in our primary analysis (online
Supporting Information Figures S4 and S5). A post-hoc
sensitivity analysis was performed with only the six studies at
overall low risk of bias [12, 24, 25, 31, 33, 40] and this
showed that VHA-guided therapy was associated with less
FFP and fibrinogen concentrate transfusion (data not
shown). Funnels plots showed no evidence of publication
bias (online Supporting information Figures S6 and S7). A
second set of post-hoc analyses were performed for the
continuous  outcomes,  excluding  studies  where
the assumption made during the conversion from
median/IQR to mean/SD was unlikely to be valid (online
Supporting Information Appendix S2). This sensitivity
analysis also supported the findings of the main analysis and
showed that VHA-guided therapy is associated with less
transfusion of RBCs, platelets and FFP and less fibrinogen
concentrate administration.
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Table 1 Summary of key primary and secondary outcomes.

Outcome Number Number of SMD (95%Cl) 12 p value for p value for
of studies participants overall effect comparison
Red blood cell 9 424 -0.16(-0.29t0 -0.20) 0% 0.02 0.04
transfusion (all)
TEG 5 281 -0.05(-0.22t0 0.11) 0% 0.54
ROTEM 5 143 -0.36(-0.59t0-0.13) 0% 0.002
Platelet transfusion 7 263 -0.33(-0.56t0-0.10) 41% 0.004 0.02
(all)
TEG 4 146 -0.52(-0.75t0-0.28) 0% < 0.001
ROTEM 3 117 -0.10(-0.36t0 0.16) 0% 0.44
Fresh frozen 8 299 -0.64(-1.01t0-0.28) 78% < 0.001 0.88
plasma
transfusion (all)
TEG 4 146 -0.63(-0.90t0-0.35) 21% < 0.001
ROTEM 4 153 -0.61(-0.13t0 0.11) 89% 0.10
Blood loss (all) 6 316 -0.28(-0.43t0-0.12) 0% < 0.001 0.56
TEG 5 280 -0.26(-0.43t0-0.09) 0% < 0.002
ROTEM 1 36 -0.41(-0.87 to 0.06) - 0.09
ICU duration of 5 275 -0.18(-0.36t0-0.01) 0% 0.04 0.58
stay (all)
TEG 4 225 -0.21(-0.40t0-0.01) 0% 0.04
ROTEM 1 50 -0.08(-0.48t0 0.31) 0.68

SMD, standardised mean difference; TEG, thromboelastography; ROTEM, rotational thromboelastometry.

Discussion

This systematic review and meta-analysis suggests that
VHA-guided haemostatic therapy during elective surgery
may reduce the transfusion of allogeneic blood products,
including RBCs, platelets, FFP and cryoprecipitate.
Viscoelastic haemostatic assay-guided therapy may also
result in lower blood loss and shorter duration of stay in the
operating theatre and ICU. However, no differences were
seen in rates of surgical reintervention, total duration of stay
or mortality. The overall level of evidence in the included
studies is modest due to risk of bias, mainly related to
randomisation and blinding methods, and all included
studies are single-centre randomised controlled trials.
These results align with other meta-analyses showing a
reduction in blood product transfusion with TEG-guided
therapy in patients with cirrhosis undergoing liver-related
procedures [13, 41]. Another systematic review and
meta-analysis in patients undergoing elective surgery found
that TEG-guided therapy was associated with reduced
bleeding, fewer platelet and plasma transfusions and
shorter total ICU and operating theatre duration of stay [18].
However, there was no evidence of an effect on RBC

transfusion, mortality or surgical reintervention.

A search of the ClinicalTrials.gov registry revealed
several ongoing studies (e.g. NCT05957822, non-cardiac
surgery; NCT05956769, hip arthroplasty; NCT05806346,
cardiac surgery; NCT06328647, cardiac surgery; and
NCT05698134, cirrhosis) across a range of clinical settings.
Our current analysis evaluated multiple platforms including
TEG, ROTEM and other VHA devices. Importantly, the total
number of patients from whom data were obtained was also
higher than reported previously. While the included studies
continue to employ different VHA-guided algorithms,
contributing to data heterogeneity, the Cls for outcomes
were either comparable or more precise. With the inclusion
of new studies, the reduction of RBC transfusion was more
pronounced and the findings reconfirmed reduction in
platelet and FFP transfusion. Reducing exposure to
allogeneic blood products is a clear goal of peri-operative
patient blood management guidelines [15, 16]. However,
there were limited data provided on important
patient-centred outcomes in the new studies, highlighting a
need for future studies to focus on these aspects. The new
studies provided additional data on mortality, but the effect
remains statistically non-significant which may be due to
lack of power. Ongoing studies across different clinical
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Figure 3 Primary transfusion outcomes for (a) red blood cell; (b) platelet; and (c) fresh frozen plasma transfusion. DL,
DerSimonian-Laird method; SMD, standardised mean difference; VHA, viscoelastic haemostatic assay.

settings (as listed above) may provide additional data for
future updates.

Nearly all the included studies were in patients
undergoing cardiac or liver surgery, with only one study in
orthopaedic surgery. Studies are still needed across a
broader range of elective surgery settings where major
bleeding occurs (e.g., vascular surgery). For instance, a
recent study investigated targeted coagulation
management using VHA (ROTEM) and 5% albumin as
volume replacement therapy during lung transplantation
[42]. We did not include this study due to the lack of
comparable endpoints and the potential confounding
effectintroduced by the intervention with 5% albumin.

Mortality and surgical reintervention rates were low in
both groups, most likely due to the focus on elective surgery
patients and excluding patients in the trauma setting. In our
analysis we chose to exclude trauma patients due to the
inherent differences in patient characteristics and clinical
management priorities compared with patients undergoing
elective surgery. As data on mortality and surgical
reintervention might be limited in the context of elective
surgery, these were therefore considered secondary
outcomes in our study. In one single-centre study in patients
experiencing major trauma, VHA-guided therapy was

associated with a survival advantage when compared with

conventional coagulation tests [43]. However, the iTACTIC
multicentre trial showed no difference in the proportion of
patients who were alive and free of massive transfusion 24 h
after injury, although VHA-guided therapy was associated
with a survival advantage in patients with traumatic brain
injury [44]. Data from studies on VHA-guided therapy in
settings other than elective surgery and trauma are also very
limited. For example, the OBS2 trial showed that infusion of
fibrinogen concentrate triggered by Fibtem A5 < 15 mm
was not associated with less transfusion requirements in
patients experiencing postpartum haemorrhage [45]. The
ongoing OBS-UK multicentre study is investigating clinical
and cost-effectiveness of a maternity quality improvement
programme which includes point-of-care testing and a VHA-
guided transfusion protocol [46], and aims to provide new
data on whether this bundle-care programme can
effectively reduce excess bleeding and the need for
transfusion after childbirth.

The clinical outcomes reported across the studies
included in this meta-analysis were mostly short-term and
further evaluation of the longer-term effects of reducing
transfusion are needed. For example, the current ongoing
IMOTEC study [32] contains a 1-year follow-up to assess the
impact on long-term outcomes, including cost-effectiveness
of VHA-guided management and patient quality of life. The
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cost-effectiveness of using VHAs should be evaluated if
implementation in the hospital setting is being considered.
Viscoelastic haemostatic assay-guided therapy may reduce
unnecessary blood product use, improving resource
utilisation and potentially lowering the associated costs.
These would need to be balanced against equipment and
staff training costs. However, while the clinical benefits of
VHA-guided blood management are recognised, data
regarding its cost-effectiveness are limited to patients
undergoing cardiac or liver transplant surgery [47].

Although the current emphasis of the use of VHA
monitoring treatment algorithms has been on reducing
bleeding, VHA testing also has potential utility in stratifying
hypercoagulable patients undergoing cardiac surgery who
are at risk of developing thrombotic complications [48]. This
requires further investigation in patients undergoing non-
cardiac surgery.

The key strength of our review is the focus on
randomised controlled trials and strict methodological
processes which enabled us to draw meaningful
conclusions about the overall effect of VHA use. Limitations
of our review can be attributed to the clinical and
methodological differences between the included studies,
leading to heterogeneity. Different VHA algorithms were
used in studies caused by the lack of standardisation. As a
result, we combined data to include a large group of
patients at risk of major bleeding that could help guide
clinical decision-making in terms of haemostasis
monitoring, surgical reintervention and allogeneic
transfusion in elective surgery. We excluded some studies
due to their data not being suitable for converting into an
appropriate form for analysis. Overall, we found a limited
number of robust, multicentre international randomised
controlled trials evaluating the effectiveness of VHA-guided
haemostatic therapy in patients undergoing elective
surgery.

In conclusion, this updated meta-analysis suggests that
using VHA-guided therapy may reduce peri-operative
transfusion requirements and blood loss in patients
predominantly undergoing elective cardiac or liver surgery,
with potential improvements in clinical outcomes.
Prospective, multicentre studies in other patients at high risk
of peri-operative major bleeding, with standardised VHA

protocols, are needed.
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