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Abstract

Objective: Viscoelastic hemostatic assay (VHA) provides a graphical representation of a clot’s lifespan and reflects
the real time of coagulation. It has been used to guide trauma resuscitation; however, evidence of the effectiveness
of VHAs is still limited. This systematic review aims to summarize the published evidence to evaluate the VHA-guided
strategy in resuscitating trauma patients.

Methods: The PubMed, Embase, and Web of Science databases were searched from their inception to December 13,
2021. Randomized controlled trials (RCTs) or observational studies comparing VHA-guided transfusion to controls in
resuscitating trauma patients were included in this systematic review.

Results: Of the 7743 records screened, ten studies, including two RCTs and eight observational studies, met the
inclusion criteria. There was great heterogeneity concerning study design, enrollment criterion, VHA device, VHA-
guided strategy, and control strategy. Thrombelastography (TEG) was used as a guiding tool for transfusion in eight
studies, and rotational thromboelastometry (ROTEM), and TEG or ROTEM were used in the other two studies. The
overall risk of bias assessment was severe or mild in RCTs and was severe or moderate in observational studies. The
main outcomes reported from the included studies were blood transfusion (n =10), mortality (n=10), hospital length
of stay (LOS) (n=7), intensive care unit LOS (n=7), and cost (n=4). The effect of the VHA-guided strategy was not
always superior to the control. Most of the studies did not find significant differences in the transfusion amount of red
blood cells (n=7), plasma (n=5), platelet (n=7), cryoprecipitate/fibrinogen (n=7), and mortality (n =8) between
the VHA-guided group and control group. Notable, two RCTs showed that the VHA-guided strategy was superior or
equal to the conventional coagulation test-guided strategy in reducing mortality, respectively.

Conclusion: Although some studies demonstrated VHA-guided strategy probable benefit in reducing the need for
blood transfusion and mortality when resuscitating trauma patients, the evidence is still not robust. The quality of
evidence was primarily downgraded by the limited number of included studies and great heterogeneity and severe
risk of bias in these. Further studies are strongly recommended.

Keywords: Viscoelastic hemostatic assay, Thrombelastography, Rotational thromboelastometry, Hemostatic
resuscitation, Blood transfusion, Trauma
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to bleeding and is present in approximately 25% of
severely injured trauma patients on admission [1, 4].

Hemorrhage is a main preventable cause of death
in severely injured trauma patients [1, 4]. In 2007, a
combat support hospital found that a higher ratio of
plasma to red blood cells (RBCs) was independently
associated with increased survival [5]. Then, transfused
plasma and RBCs at a high, fixed ratio was introduced
into damage control resuscitation (DCR) [6]. However,
there are still some controversies regarding this method
of treatment. First, which ratio is better? The PROPPR
trial reported that mortality was not significantly dif-
ferent when plasma, platelets, and RBCs were admin-
istered at ratios of 1:1:1 and 1:1:2 [7]. Second, a few
observational studies found that the RBCs to plasma
ratio was not associated with mortality in some specific
injured patients [8, 9]. Third, the characteristics and
severities of patient injuries differed, and the fixed-ratio
strategy may not be suitable for every injured patient.

Laboratory-guided or goal-directed management is
an alternative strategy. A comparison of empiric versus
conventional coagulation test (CCT)-guided manage-
ment in resuscitating severely injured trauma patients
was performed in a randomized controlled trial (RCT)
over a decade ago [10]. Compared with the fixed ratio
(1:1:1), there was a declining tendency of 28-day mor-
tality in the CCT-guided group, although no significant
difference was discovered [10]. Another laboratory-
guided or goal-directed management was based on
viscoelastic hemostatic assay (VHA). VHA, which
includes thrombelastography (TEG) and rotational
thromboelastometry (ROTEM), is performed in whole
blood and provides a graphical representation of a clot’s
lifespan in real time, from clot formation and stabiliza-
tion to lysis, which more accurately reflects hemostasis
in vivo [11] (Fig. 1). In addition, it is easy to use by non-
laboratory personnel [12].

VHA has been widely used to monitor the real-time
coagulation status of trauma patients [11]. It has dem-
onstrated a potential role in predicting mortality [13,
14], massive transfusion [15, 16], thrombotic events [17,
18], and guiding therapy [19]. To this end, some obser-
vational studies have compared blood product usage
and safety outcomes before and after implementing a
VHA-guided strategy, with different results reported
[20-27]. Meanwhile, two RCTs observed that the VHA
strategy had beneficial [28] or no effect [29] in reduc-
ing mortality compared to the CCT strategy. Another
common problem with the published studies on VHA
is the lack of justification for how TEG or ROTEM can
affect outcomes and how other more important deter-
minants (such as head injury, major injuries, age, etc.)
are accounted for.
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Fig. 1 TEG/ROTEM trace. The main parameters in TEG are R, K,
a-angle, MA, and LY30. The main parameters in ROTEM are CT,

CFT, a-angle, MCF, and LI30. R/CT: the time from start to initial clot
formation (to 2 mm amplitude), reflect coagulation function. K/

CFT: the time when amplitude raises from 2 to 20 mm, reflects fibrin
formation and cross-linking. a-angle: the angle between the midline
and the tangent of the curve, its significance is similar to K/CFT. MA/
MCF: the peak amplitude of the curve, mainly represents the platelet
function. LY30/LI30: percent amplitude reduction at 30 min after MA/
MCF, is a reflection of fibrinolysis

To date, there is still limited information; therefore,
we performed a systematic review to assess the efficacy
and safety of the VHA-guided strategy in resuscitating
trauma patients by analyzing blood product usage, mor-
tality, hospital length of stay (LOS), intensive care unit
(ICU) LOS, cost, and serious adverse events (such as
thromboembolic events, sepsis, and acute kidney injury).

Methods

Study design and search strategy

This systematic review was conducted according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) statement. The PubMed,
Embase, and Web of Science databases were searched
from their inception to December 13, 2021. The literature
was searched following the combination of “thrombelas-
tography or rotational thrombelastometry or viscoelastic
hemostatic assay” and “trauma’” Besides, reference lists
from the relevant articles were also screened manually.
The detailed search strategy is shown in Additional file 1:
Table S1. Two reviewers (ZZ and YK) independently
searched, selected studies, extracted data, and assessed
study quality. Disagreements between reviewers were
addressed by consulting a third reviewer (YY).

Inclusion criteria

Studies were included if they were RCTs or observational
studies that compared hemostatic resuscitation guided
by TEG, ROTEM, or both to hemostatic resuscitation
guided by CCT, clinical judgment, massive transfusion
protocol (MTP), or pre-TEG/ROTEM protocol in adult
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trauma patients. Duplicate studies, review articles, case
series, editorials, letters, conference meeting abstracts,
articles with no definite VHA-guided strategy, and arti-
cles with no control group were excluded.

Data extraction

Data on study design, publication year, setting, sample
size, criteria of enrolled patients, VHA device, VHA-
guided strategy, control strategy, and the main efficacy
and safety outcomes were extracted. The efficacy and
safety outcomes investigated in this study were RBCs,
plasma, platelet, cryoprecipitate/fibrinogen transfusion
amount, mortality, hospital LOS, ICU LOS, cost, and
serious adverse events (such as thromboembolic events,
sepsis, and acute kidney injury).

Assessment of methodologic quality

The risk of bias in RCTs and observational studies was
assessed by using the Cochrane risk-of-bias tool and
risk of bias in non-randomised studies of interven-
tions (ROBINS-I) tool, respectively. Additionally, the
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methodological qualities of observational studies were
also investigated by using Newcastle-Ottawa Scale
(NOS).

Results

Search results and characteristics of included studies

Of the 7743 records screened, ten studies, including two
RCTs [28, 29] and eight observational studies [20-27],
were included in this systematic review (Fig. 2). Among
the eight observational studies, seven were before-after
comparisons [20-22, 24—27], and one was a retrospec-
tive analysis [23]. The participants in these studies were
all civilian trauma patients. One study incorporated
ROTEM into DCR to resuscitate combat causalities;
however, it was excluded as it did not have a definite
transfusion strategy [30]. Of the ten included studies,
only one was a multi-center trial [29], and the remain-
ing were single-center studies [20-28]. Most of the stud-
ies were performed in the USA [22-24, 26-28], and
the others were conducted in Europe [20, 29], Australia
[21], and China [25]. One center, Denver Health Medi-
cal Center, published two studies: one was a before-after
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observational study [27], and the other was an RCT [28].
TEG was the most frequently used VHA device in the
included studies (eight studies) [20, 22-28]; ROTEM
[21], and TEG or ROTEM [29] were conducted in the
other two studies. Regarding the transfusion strategy,
two RCTs compared TEG or ROTEM-guided strategy to
CCT-guided strategy [28, 29]; eight observational stud-
ies compared TEG or ROTEM-guided strategy to non-
TEG or non-ROTEM-guided strategy [20-27], two of
them were CCT-based [20, 22], one was an MTP proto-
col [26], and the others did not mention (Table 1). The
detailed transfusion strategies and relevant VHA tests are
shown in Additional file 1: Table S2 and Additional file 1:
Table S3. The risk of bias in RCTs is shown in Additional
file 1: Figure S1; one study [28] may had more risk of bias
than another [29]. The overall risk of bias assessment of
observational studies was moderate or severe (Additional
file 1: Table S4), and their NOS scores ranged from 6 to 7
(Additional file 1: Table S5).

Effect of the VHA-guided strategy on blood transfusion

in trauma patients

Eight studies gave detailed RBCs, plasma, platelet, and
cryoprecipitate/fibrinogen amounts for the included
patients [20-25, 28, 29]. One study grouped the patients
according to RBCs transfusion amounts (>6 U or > 10 U)
and mechanism of injury (MOI) (blunt or penetrating)
and performed a stratified analysis [26]. In the last study,
the blood products were illustrated in a figure, and the
data could not be extracted; it concluded that there was
a trend of fewer products in the post-TEG group but did
not reach a significant difference [27] (Table 2).

In the included studies, most of them did not find sig-
nificant differences between the VHA-guided strategy
and control strategy on the amount of RBCs transfusion
(seven studies) [20, 21, 25-29], plasma transfusion (five
studies) [20, 22, 25, 27, 28], platelet transfusion (seven
studies) [20-22, 25-28], and cryoprecipitate/fibrinogen
transfusion (seven studies) [20, 22-25, 27, 29].

In addition, three studies supported that the VHA-
guided strategy could reduce the use of RBCs in trauma
patients [22-24]. As for plasma transfusion, four stud-
ies indicated that the VHA-guided strategy reduced
plasma transfusion amounts [21, 23, 24, 29]. Another
study showed that blunt MOI patients who received > 10
U RBCs in the TEG-guided group received less plasma
than those in the MTP group, but did not find significant
differences in the other patients [26]. Regarding platelet
transfusion, two studies, including an RCT [24, 29], dem-
onstrated a significant increase in platelet amount when
using the VHA-guided strategy; however, one study
observed the opposite result [23]. Finally, one obser-
vational study [21] and an RCT [28] observed that the
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VHA-guided strategy increased or decreased cryopre-
cipitate/fibrinogen products, respectively.

Three studies also noticed that the VHA-guided strat-
egy had a time effect. In a before-after study, Mohamed
et al. [24] observed that compared with the pre-TEG
group, patients in the post-TEG group had less plasma
over 24 h, but they received more in the first 4 h. In con-
trast, an RCT revealed that TEG group patients received
less plasma and platelets in the first 2 h of resuscitation,
but showed no significant differences over 24 h compared
with the CCT group [28]. Meanwhile, compared with the
CCT group, patients in the VHA group received more
fibrinogen equivalent and similar plasma between base-
line and hemostasis, but they transfused similar fibrin-
ogen equivalent and less plasma at 24 h after injury, as
revealed by the ITACTIC study [29].

Effect of the VHA-guided strategy on mortality, hospital,
and ICU LOS, and other outcomes in trauma patients
Mortality reported in the enrolled study included 6-h,
24-h, 28-day, 30-day, 90-day, and in-hospital mortality
(Table 3). Overall, two studies, including an RCT, showed
that the VHA-guided strategy reduced mortality among
trauma patients [20, 28]. Cochrane et al. [20] found that
the 24-h and 30-day mortalities were significantly lower
in the post-TEG group. In addition, Gonzalez et al. [28]
noticed that the 6-h and 28-day mortality rates in the
TEG group were significantly lower than those in the
CCT group. Overall, no significant differences were
observed in mortality between the VHA-guided group
and control group in the remaining eight studies, includ-
ing an RCT (ITACTIC) [21-25, 27, 29]. However, in the
ITACTIC study, a reduction in 28-day mortality was
observed in trauma patients who also had a severe trau-
matic brain injury (TBI) when guided by VHA [29]. In
another study, total mortality was significantly reduced
in trauma patients <30 years after implementing a TEG
strategy, although no difference was found in all trauma
patients [24]. Besides, Tapia et al. found that the TEG-
directed resuscitation decreased 30-day mortality in
penetrating trauma patients who received 10 U or more
RBCs, but showed no effect on the other trauma patients
[26].

Seven studies reported on total hospital LOS [20-25,
29]. Two studies found a shorter hospital LOS [23, 24],
one study observed a longer hospital LOS in the VHA-
guided group [20], and the others did not find signifi-
cant differences between the two groups [21, 22, 25, 29].
Seven studies described ICU LOS [21-25, 28, 29]. Two
studies found a shorter ICU LOS in the VHA-guided
group [23, 24], but five studies did not find any signifi-
cant differences between the two groups [21, 22, 25, 28,
29] (Table 3).
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Two RCTs reported that the incidences of serious
adverse events, such as thromboembolic events, sepsis,
and acute kidney injury, all showed similar rates [28, 29]
(Table 3). In addition, four before-after observational
studies performed cost analysis, with different results.
They reported that the cost of blood products in the post-
VHA group was higher [21], lower [24] than, or equal
[20, 25] to the pre-VHA group.

Discussion

This systematic review, including two RCTs and eight
observational studies, sought to collect evidence to assess
the efficacy and safety of a VHA-guided strategy in resus-
citating trauma patients. The different study designs,
VHA devices, VHA-guided strategies, enrollment crite-
ria, control groups, and non-uniformity of the variables
in the included studies make it impossible to combine the
results and conduct a meta-analysis. We collected data
on blood product amounts, mortality, hospital LOS, ICU
LOS, etc., in trauma patients, compared the VHA-guided
strategies to control strategies (CCT-guided, MTP, or
unknown) and performed a qualitative analysis. Overall,
there was no robust evidence to support that a VHA-
guided strategy could decrease blood products and mor-
tality among trauma patients.

VHA-guided transfusion was initially implemented
in cardiac and liver surgery [31, 32], and it may play an
important role in reducing mortality and saving blood. A
systematic review and meta-analysis included 17 RCTs
(15 involving cardiac surgery) and found that TEG or
ROTEM was helpful in reducing overall mortality and
the need for RBCs, FFP, and platelets in patients with
bleeding. However, it indicated that the evidence was low
quality, mainly due to few events and poorly designed
trials [12]. Meanwhile, another meta-analysis, which
included 9 RCTs conducted in elective surgery settings
(7 cardiac surgeries and 2 liver surgeries), observed that
plasma transfusion, platelet transfusion, operating room
LOS, ICU LOS, and bleeding rate were reduced with
TEG-guided transfusion when compared to controls;
RBCs transfusion had a declining tendency in the TEG
group, but did not reach statistical significance; however,
mortality was comparable between the TEG and control
groups [33].

Recently, a review [34] included 2 RCTs and 5 obser-
vational studies and performed a meta-analysis. It
found that the TEG/ROTEM-guided strategy was asso-
ciated with a tendency toward fewer blood product
transfusions and a reduction in mortality in acutely
bleeding trauma patients. The contradiction between
Bugaev et al’s review and our study may be related to
the followings: First, observational studies are likely to
have selection bias; thus, the inclusion of observational
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studies in the meta-analysis may bias the combined
results and downgrade the quality of evidence. Second,
one RCT included in Bugaev et al’s review was per-
formed in patients undergoing surgical excision of burn
wounds, not trauma patients undergoing hemostatic
resuscitation [35]. Third, an RCT published in 2021
[29] reported a different result concerning mortality
rates than Bugaev et al’s review.

To date, only two RCTs have utilized VHA to guide
hemostatic resuscitation in the trauma setting. Over-
all, the amounts of blood components were compara-
ble between the VHA group and CCT group in the two
RCTs, except for some minor divergences [28, 29]. Over
24 h, Gonzalez et al. [28] reported that compared with
the CCT group, patients in the TEG group received less
cryoprecipitate and similar amounts of platelets and
plasma, while the ITACTIC study demonstrated that
patients in the VHA group received more platelets, less
plasma, and similar fibrinogen equivalent [29]. The early
phase after injury was the period when death most hap-
pened owing to exsanguination and when the survival
benefit occurred [28]. Therefore, Gonzalez et al. [28]
analyzed the first 2 h of resuscitation and found that
TEG group patients received less plasma and platelets.
In contrast, in the ITACTIC study, patients in the VHA
group received more platelets and fibrinogen equivalents
between baseline and hemostasis [29].

However, the major divergence between the two
RCTs lies in mortality [28, 29]. By “intent-to-treat”
(ITT) analysis, Gonzalez et al. [28] noticed that the
6-h and 28-day survival rates in the TEG group were
significantly higher than those in the CCT group, and
the difference widened in the “as-treated” (AT) analy-
sis. However, the ITACTIC study found no signifi-
cant differences between the two groups at 6 h, 24 h,
28 days, or 90 days [29]. According to Baksaas-Aasen
et al.,, coagulation monitoring cannot alter the clinical
outcome in patients who never develop coagulopathy
[29]. In view of that patients in the CCT group received
less empiric transfusion in Gonzalez et al’s RCT, and
the role of CCT monitoring during bleeding was not
reported; Baksaas-Aasen et al. [29] deduced that this
might cause decreased mortality with TEG-directed
therapy in Gonzalez et al’s RCT. On the other hand,
Moore et al. reported that in the ITACTIC study, VHA
transfusion thresholds were based on the same thresh-
olds as conventional testing in the CCT group. There-
fore, they indicated that the patients in the VHA and
CCT groups might be treated similarly, eventually lead-
ing to the groups having the same clinical outcome [1].
In our opinion, this divergence may be due to the differ-
ent transfusion strategies, VHA devices, sample sizes,
clinician familiarity with the VHA strategy, clinician
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competence, heterogenicity of the patients, injuries,
etc. The optimal transfusion strategy based on VHA
needs further exploration.

The results of these eight observational studies should
be interpreted with caution, mainly due to their selection
bias. Mortality may be affected by sex. In the study of
Cochrane et al. [20], mortalities at 24 h and 30 days were
significantly lower in the post-TEG group, in the case of
more males in the post-TEG group. Besides, blood usage
is influenced by imbalanced physiological status and
therapeutic methods. In one study, FFP and cryoprecipi-
tate were significantly different between the pre-ROTEM
and post-ROTEM groups, while the post-ROTEM group
had a lower admission heart rate but a higher percentage
of anticoagulant use [21]. RBCs amount and the num-
ber of patients receiving FFP and platelets were reduced
in the post-TEG period in the study of Unruh et al. [22];
however, patients in the post-TEG group had higher
hemoglobin and hematocrit levels. Wang et al. [23] also
found a significant reduction in the amounts of RBCs,
plasma, and platelets in the TEG group, but patients in
the TEG group were younger, had higher initial systolic
blood pressure, and had lower injury severity scores
(ISS). Patients with higher admission systolic blood pres-
sure and lower ISS in the TEG-directed group were also
noted in the studies of Yin et al. [25] and Kashuk et al.
[27], respectively. Besides, excessive use of crystalloids
caused hemodilution, thereby exacerbating hypocoagula-
tion [36]. However, in the study of Tapia et al., the TEG
group was administered more crystalloids than the MTP
group [26].

In three studies, the researchers observed that the
VHA strategy did not benefit the trauma patients overall
but reported that it might be helpful in the treatment of
some specific groups [24, 26, 29]. Despite no significant
differences being found in the overall mortality between
the VHA and CCT-guided interventions in the ITAC-
TIC study, a reduction in 28-day mortality in the VHA
group was observed in patients who also had severe TBI
[29]. In their view, correction of coagulopathy via VHA
may reduce intracerebral bleeding, cerebral ischemia,
or cerebral inflammation [29]. Besides, total mortality
was significantly reduced in trauma patients<30 years
after implementing a TEG strategy, despite no difference
being found in all trauma patients [24]. Meanwhile, Tapia
et al. [26] observed that the TEG-directed resuscitation
decreased 30-day mortality in penetrating MOI patients
who received 10 U or more RBCs; however, it showed no
effect on the other trauma patients. However, the small
sample size in the specific groups may bias the results.
Therefore, further prospective studies need to be per-
formed to explore whether the VHA-guided transfusion
strategy is more likely to benefit some specific groups.
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Four before-after observational studies performed cost
analyses. Two studies indicated that the cost of transfu-
sion did not reach statistical significance between the
post- and pre-TEG groups [20, 25]. While in the other
studies, increased [21] and decreased [24] transfusion
costs were found in the post-ROTEM and post-TEG
groups, respectively; however, they did not conduct sta-
tistical analyses. A prior systematic review observed that
viscoelastic testing was more cost-saving than CCTs in
cardiac surgery, and it deduced a more substantial cost-
saving in trauma patients [37]. As no relevant trauma
RCTs performed a cost analysis, the evidence of the cost-
saving guided by the VHA strategy was weak.

TIC is a complex process that includes endothelial
damage, coagulation system impairment, fibrinolytic
activation, platelet dysfunction, and immune function
abnormal [1, 38]. As a coagulation assay, it is difficult
for VHA to reflect the status of TIC completely. And
although plasma can supply coagulation factors and even
protect the endothelium [39, 40], goal-directed hemo-
static resuscitation via VHA could not fully correct TIC.

In the included studies, four studies showed that the
severity of head injury was comparable between the
VHA-guided group and control group [20, 22, 28, 29];
three studies did not include head injury patients or
excluded the patients deemed to have died from an asso-
ciated head injury [23, 25, 27], while three studies did
not mention the severity of head injury [21, 24, 26]. Only
two RCTs reported the cause of death. Gonzalez et al’s
RCT observed that TBI deaths did not differ significantly
between the VHA-guided group and the CCT-guided
group (7.1% vs. 10.9%, P=0.537). On the other hand, the
ITACTIC study showed that the deaths from head injury
were comparable across the two groups (30% vs. 34%).
In view that the VHA-guided strategy is mainly aimed at
preventing death from hemorrhage, and TBI is another
major cause of death after trauma; thus, the effect of TBI
should not be neglected when interpreting these results.

There are some limitations to this study. First, due
to the different study design, enrolled criteria, trans-
fusion strategies, VHA devices, control strategies, and
the non-uniformity of the variables in the included
studies, it was challenging to perform a meta-analysis.
Second, the patients in the VHA and control groups in
some observational studies were incomparable, making
the results less robust. Third, it should be noted that
one center published two studies. One was an obser-
vational study, one of the earliest studies on this issue
[27], and another was an RCT, one of two RCTs to date
[28]. This fact might affect the comprehensive results.
Fourth, the number of studies used for the review was
relatively low, especially since only two RCTs have been
published. However, this systematic review, including
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published RCTs and observational studies regard-
ing VHA-guided hemostatic resuscitation in trauma
patients, may provide an idea and method to improve
the current strategy for further studies.

Conclusion

In conclusion, VHA monitors the coagulation state in real
time, which allows the creation of goal-directed hemo-
static resuscitation in trauma patients. We present an
overview of the published studies exploring VHA-guided
hemostatic resuscitation in trauma patients. The number
of included studies was small, especially since there were
only two RCTs, and the results varied. TEG was more
used as a guiding tool for transfusion than ROTEM.
Although some studies demonstrated VHA-guided
strategy probable benefit in reducing the need for blood
transfusion and mortality, the evidence is still not robust.
The quality of evidence was primarily downgraded by the
limited number of included studies, and great heteroge-
neity and severe risk of bias in these. More ideally, large
multi-center RCTs are strongly recommended.
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