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Abstract

Introduction: Viscoelastic assays have been promoted as an improvement over traditional coagulation tests in
the management of trauma patients. Rotational thromboelastometry (ROTEM®) has been used to diagnose
coagulopathy and guide hemostatic therapy in trauma. This systematic review of clinical studies in trauma
investigates the ROTEM® parameters thresholds used for the diagnosing coagulopathy, predicting and guiding
transfusion and predicting mortality.

Methods: Systematic literature search was performed using MEDLINE, EMBASE and Cochrane databases. We
included studies without restricting year of publication, language or geographic location. Original studies reporting
the thresholds of ROTEM® parameters in the diagnosis or management of coagulopathy in trauma patients were
included. Data on patient demographics, measures of coagulopathy, transfusion and mortality were extracted. We
reported our findings according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines. Quality assessment and risk of bias were performed using Newcastle Ottawa Scale (NOS) and
the quality assessment of diagnostic accuracy studies (QUADAS-2) tools, respectively.

Results: A total of 13 observational studies involving 2835 adult trauma patients met the inclusion criteria. Nine
studies were prospective and four were retrospective. There were no randomized controlled trials. The quality of
the included studies was moderate (mean NOS 5.92, standard deviation 0.26). Using QUADAS-2, only 1 study (7.6 %)
had low risk of bias in all domains, and 9 studies (69.2 %) had low risk of applicability concerns. Outcomes from 13
studies were grouped into three categories: diagnosis of coagulopathy (n = 10), prediction of massive transfusion or
transfusion guidance (n=6) and prediction of mortality (n =6). Overall, specific ROTEM® parameters measured (clot
amplitude and lysis) in the extrinsically activated test (EXTEM) and the fibrin-based extrinsically activated test (FIBTEM)
were consistently associated with the diagnosis of coagulopathy, increased risk of bleeding and massive transfusion,
and prediction of mortality. Presence of hyperfibrinolysis by ROTEM® was associated with increased mortality.
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the early management of trauma patients.

Conclusions: Most of the evidence indicates that abnormal EXTEM and FIBTEM clot amplitude (CA5, CA10) or maximal
clot firmness (MCF) diagnose coagulopathy, and predict blood transfusion and mortality. The presence of fibrinolysis
(abnormal lysis index [LI30] or maximum lysis [ML]) was also associated with mortality. ROTEM® thus, may be of value in

Keywords: Acute trauma coagulopathy, Thromboelastometry, Transfusion, Threshold, Bleeding

Background

The degree of injury and hypoperfusion are implicated
as initiators of the acute coagulopathy of trauma/shock
(ACoTS) that occurs immediately after injury [1, 2].
ACoTS occurs in approximately 25 % of all severely in-
jured patients and is associated with a three-fold increase
in mortality [1]. Patients with ACoTS have complex co-
agulation defects, higher transfusion requirements, organ
dysfunction, longer hospital stays and poorer outcomes in-
cluding higher mortality rates [1, 3-5].

Current standards for the management of ACoTS are
based mainly on results of standard coagulation tests
(SCTs) [6-9] such as prothrombin time (PT), inter-
national normalized ratio (INR), activated partial
thromboplastin time (aPTT), platelet count (PLT), and
fibrinogen level [10]. Currently, many trauma centers
use INR >1.5 and PLT <100 x 10° L™ to establish the
presence of coagulopathy [11]. These values are widely
used and incorporated into existing guidelines, despite
lacking robust evidence support. [9, 11-13] Standard co-
agulation tests have long turnaround times (TAT), re-
quire transportation of the sample to the laboratory,
separation of plasma from the red cells and detect only
the initial phases of clot formation [7]. These tests were
originally developed to diagnose coagulation abnormal-
ities in congenital bleeding disorders and to monitor
anticoagulation therapy, and their role in guiding trans-
fusion therapy in trauma have not been validated [7]. Pa-
tients with ACoTS would benefit from a test that could
quickly identify coagulation abnormalities, permit trans-
fusion guidance, reduce exposure to allogeneic blood
products and improve clinical outcomes by guiding
rapid correction of any hemostatic defect. Thromboelas-
tography (TEG®) and rotational thromboelastometry
(ROTEM") have been used in cardiovascular surgery and
liver transplantation; [14—17] and, more recently, have
been applied to trauma. The use of these devices may
reduce hemorrhage as reported in a recent Cochrane
systematic review [18] in patients requiring massive
transfusion.

ROTEM® has recently been used as point-of-care
(POC) test to optimize haemostatic resuscitation in
trauma patients [19]. It utilizes a small volume of whole
blood to assess hemostatic function from initiation of
clot formation, clot propagation and clot lysis [20].

Additionally, ROTEM" provides information on platelet
number/function and fibrinogen reserve. Luddington, in
a review on ROTEM® assays and parameters, offers add-
itional methodologic details about the test. [19] There
are four assays which are run simultaneously: extrinsic-
ally activated test using tissue factor as activator
(EXTEM) which detects defects associated with extrinsic
pathway; intrinsically activated test using ellagic acid
(INTEM) which detects defects of the intrinsic pathway;
fibrinogen test (FIBTEM) using cytochalasin-D as plate-
let inhibitor which detects the contribution of fibrinogen
to the clot; and a test using aprotinin inhibitor
(APTEM), a test for hyperfibrinolysis (HF). In other clin-
ical settings such as in liver transplantation, cardiac and
vascular surgery, the use of ROTEM® has been linked to
a reduction of exposure to allogeneic blood products
and improvement of outcomes [16, 21-23]. In trauma,
recent investigations suggest that ROTEM® can be used
in the diagnosis of coagulopathy, prediction and guidance
of transfusion and reduction of unnecessary exposure to
allogeneic blood products [24—30]. Results of ROTEM®
parameters are used for treatment decisions; however the
reported thresholds used to diagnose coagulopathy and to
guide transfusion vary substantially among reports.

There is a need for determining ROTEM® parameters
and their thresholds that establish the presence of coag-
ulopathy, predict bleeding, guide the hemostatic resusci-
tation and predict mortality. We conducted a systematic
review of literature to summarize the reported ROTEM®
parameters and their thresholds for this purpose. The
primary goal was to determine evidenced based thresholds
that could be incorporated into ROTEM® algorithms in
the trauma resuscitation protocols.

Methods

This descriptive systematic review was reported in ac-
cordance with Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [31].

Information sources and search technique

Two reviewers (PVV and LTDL) performed a systematic
review of the indexed literature on ROTEM” studies that
reported thresholds of ROTEM® parameters in trauma
patients. The highly sensitive search strategy was developed
by the review team in consultation with the health
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information specialist (Additional file 1). We searched
MEDLINE, EMBASE and EBM Reviews (Cochrane Data-
base of Systematic Reviews) from 1946 to March 2016
without restricting language or geographic location. The
reviewers checked titles, abstracts, full texts, and personally
contacted the authors (or manufacturer’s representative) to
retrieve or clarify required information.

Eligibility criteria and study selection

We searched for observational studies and randomized
controlled trials (RCTs) in trauma where cut off values
of ROTEM® parameters were reported in: (1) diagnosing
coagulopathy; (2) predicting or guiding transfusion; and,
(3) predicting mortality. We excluded animal studies, stud-
ies assessing patients with thermal injuries, case reports,
case series involving <10 patients, and abstracts from
conferences. Outcomes included accuracy in diagnosing
coagulopathy, predicting massive transfusion, diminishing
exposure to allogeneic blood products and predicting
mortality. The reviewers independently screened titles and
abstracts of all articles in a hierarchical manner by follow-
ing the PRISMA guidelines [31, 32]. Titles were catego-
rized as “include”, “exclude” or “undetermined” using an
excel spreadsheet. The articles classified as “include” and
“undetermined” by either reviewer were included for full
text evaluation at the next level. Any discrepancies con-
cerning agreement at both levels were resolved by discus-
sion, consensus or consultation with a third reviewer (SR).
Inter-rater agreement for inclusion was assessed using
Cohen’s Kappa [33].
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Data abstraction and analysis

The reviewers independently collected data using stan-
dardized forms developed in collaboration with the study
team. Reviewers were not blinded to the author or publi-
cation source of studies. The following data were col-
lected: author, year, country, design, control group, patient
population, duration of study, sample size, study objective,
patient characteristics, and outcomes (coagulopathy,
exposure to allogeneic blood products, and mortality).
We also retrieved information regarding ROTEM® parame-
ters, data on accuracy (sensitivity and specificity) of SCTs
thresholds and ROTEM" thresholds used to diagnose coag-
ulopathy, guide transfusion, predict exposure to allogeneic
blood products, and predict mortality. The methodological
quality of the studies was assessed using the Newcastle-
Ottawa Scale [34] and Quality Assessment of Diagnostic
Accuracy Studies-2 tool (QUADAS-2) [35] by both re-
viewers (PVV, LTDL).

Results

The search strategy identified a total of 1220 citations
through MEDLINE, Cochrane and EMBASE data bases.
We excluded 1179 citations as they were either unre-
lated to our question or were duplicates. Forty one cita-
tions were deemed relevant and were reviewed at full
text level. Thirteen studies enrolling a total of 2835 pa-
tients met the eligibility criteria and were included
(Fig. 1) [25-28, 30, 36—43]. We searched the references
within each included study, and no additional studies
were identified. The Kappa statistics for inter-rater
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=
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—
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Fig. 1 Flow Diagram of included and excluded studies
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agreement for titles plus abstracts, and full manuscript
screening was 0.84 and 0.76, respectively.

Study characteristics

Ten studies (Table 1) were conducted in Europe [26-28,
36-42]; two in Afghanistan, conducted by United Kingdom
(UK) military researchers [25, 30] and one study included
sites in both Europe and the UK [43]. All 13 studies were
conducted in adult patients, included blunt and penetrat-
ing injuries, in the civilian [26-28, 36—43] or in the military
settings [25, 30]. A single study included patients above
13 years of age [41] and no study was conducted exclu-
sively in pediatric trauma patients. All but two [42, 43]
studies were single centered [26-28, 36—41]. The sample
sizes varied from 25 [25] to 808 [43] (median sample size
88, interquartile range 53-323). The median age of pa-
tients included in the studies ranged from 21 (IQR 18-35)

Table 1 Summary of studies included in the review
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[25] to 47 (IQR 26-66) [39] years. The percent of
male patients ranged from 67 % [37] to 100 % [30].
All studies provided information on injury severity score
(ISS), and the median ISS ranged from 12 (IQR 4-25) [41]
to 75 (IQR 75-75) [37].

Methodological quality

There were no randomized controlled trials identified.
Nine cohort studies were prospective [25, 26, 30, 36, 37,
40-43] and 4 were retrospective [27, 28, 38, 39]. The
studies had moderate methodological quality as deter-
mined by the Newcastle Ottawa scale (NOS) (Table 2)
with a mean score of 5.92 (SD =0.26), with a possible
range of 1 to 9. Ten studies enrolled consecutive pa-
tients [26-28, 36—42]. All studies had no comparable
control group as defined in the NOS scale. Two studies
used healthy volunteers as controls [30, 36] and one

Author, region Study design, centers, N Objective ISS (mean + SD or median/ Age (mean or Sex male, n (%)
patients, years IQR) median)

Rugeri, 2006 [36] Single center prospective, 88  Detect 22 (12-34) 34 (£16) 68 (77 %)
France civilian, Jul 2004-Oct 2004 coagulopathy

Guide transfusion
Levrat, 2008 [37] Single center prospective, 87  Diagnosis of HF Control group: 20 (11-29)  Control: 29 (21-43)  Control: 64/82
France civilian, Jul 2004-Oct 2004 HF group: 75 (75-75) HF: 30 (24-45) (78 %)

HF: 4/5 (80 %)

Schochl, 2009 [26]  Single center prospective, 33 Diagnosis of HF 47 +14 45 (20-88) 22 (67 %)
Austria civilian, Jan 2003-Dec 2007 Predict mortality
Doran, 2010 [25] Single center prospective, 25  Detect MT group: 35 (25-50) 21 (18-35) 25 (100 %)
Afghanistan military, Jan 2009-Mar 2009 coagulopathy Non MT: 20 (19-20)
Leemann, 2010 Single center retrospective, 53  Predict MT 31.1+1.7 396 (+2.5) 40 (75.5 %)
[38] civilian, Jan 2006-Dec 2006
Zurich
Schochl, 2010 [27]  Single center retrospective, 131 Guide transfusion 38+15 46+ 18 96 (73 %)
Austria civilian, Jan 2005-Apr 2009
Tauber, 2011 [40]  Single center, prospective, 334 Detect 34 (24-45) 43 (27-56) 260 (77.8 %)
Austria civilian, Jul 2005-Jul 2008 coagulopathy

Predict RBC

transfusion

Predict mortality
Schochl, 2011 [39]  Single center, retrospective, 88  Predict mortality Survivors: 20 (16-26.25) 47 (26-66) 67 (76 %)
Austria civilian, Jan 2005-Oct 2010 Non survivors 29 (25-30.75)
Schochl, 2011 [28]  Single center retrospective, 323 Predict mortality Non-MT group: 27 (20-34) 44 (26-59) 245 (78 %)
Austria civilian, Jan 2005-Dec 2010 MT group: 42 (34-50)
Davenport, 2011 Single center prospective, 300 Detect 12 (4-25) 33 (23-48) 246 (82 %)
[41] civilian, Jan 2007-Jun 2009 coagulopathy
United Kingdom Predict MT
Rourke, 2012 [42]  Multicenter prospective, 517 Detect 14 (8-27) 36 (23-51) 405 (78 %)
England civilian, Jan 2008-Dec 2010 coagulopathy

Guide transfusion
Woolley, 2013 [30] Single center prospective, 48  Predict 34 (17-43) 24 (21-26) 48 (100 %)
Afghanistan military, May 2009-Jul 2009 coagulopathy
Hagemo 2015 [43] Multi center prospective 808 Detect 16 (20) 38 (28) 625 (774 %)

civilian, Jan 2007-Nov2011 coagulopathy,
Predict MT

Legend: FC fibrinogen concentrate, CA5 amplitude of the clot at 5 min, CA70 amplitude of the clot at 10 min, ISS injury severity score, HF hyperfibrinolysis, MCF
maximum clot firmness MT massive transfusion, ROTEM®® rotational thromboelastometry, SLTs standard laboratory tests, TB/ traumatic brain injury
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Table 2 The Newcastle Ottawa scale for the cohort studies included in the review

Reference Representativeness of Selection of non- Ascertainment QOutcome not  Comparability Assessment Adequate Lossto  Total
the exposed cohort  exposed cohort  of exposure present at start of controls of outcome follow up follow up score

Rugeri 2007 * - * * _ * * % 6/9

[36]

Levrat 2008 * - * * R * * % 6/9

[37]

Schochl 2009 * - * * - * * % 6/9

[26]

Doran 2010 * - * * _ % % - 5/9

[25]

Leemann 2010 * - * * R * * * 6/9

[38]

Schochl 2010 * - * * R * * % 6/9

[27]

Tauber 2011 * - * * _ * * M 6/9

[40]

Schochl 2010 * - * * _ * * M 6/9

[39]

Davenport * - * * R % * % 6/9

2011 [41]

Schéchl 2011 * - * * - * * % 6/9

[28]

Rourke 2012 * - * * R * * * 6/9

[42]

Woolley 2012 * - * * R * * * 6/9

[30]

Hagemo 2015 * - * * - * * % 6/9

[43]

Legend: Refer to http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp, for a description of Newcastle-Ottawa Quality Assessment Scale for cohort studies.
In general, more stars denote higher quality. ‘Representativeness’ is awarded a star if the cohort is truly or somewhat representative of the population of interest.
For selection of the non-exposed cohort, a star is awarded if it is drawn from the same population as the exposed cohort. The relevant exposure in this review is
management using ROTEM®; we considered a non-exposed cohort to be one that was managed without ROTEM?®; other studies used healthy or other hospitalized
controls to examine associations between ROTEM® abnormalities and outcomes [30, 36, 40]. Exposure is satisfactorily ascertained if data are collected from a
secure record. A star is awarded if the outcome is not present at the start of the study. A maximum of two stars can be given for ‘Comparability of controls’ for
controlling of confounders in either the design (matching) or analysis (statistical adjustment) phase. We also gave one star when selection criteria appeared to
create comparable groups via restriction. ‘Assessment of outcome’ is awarded a star if the outcomes were assessed by independent blind assessment or record
linkage; we also considered the outcome of mortality to be adequately assessed in all studies reporting it due to low risk of bias. The duration of follow-up was
considered adequate if it was long enough for the outcomes to occur. Completeness of follow-up was considered adequate if all patients were accounted for or if
the number lost to follow-up was sufficiently low to be unlikely to introduce bias

study used hospitalized polytrauma patients, and com- 6 studies addressing thresholds for prediction or guid-
pared to patients with isolated brain injury [40]. All ance of transfusion [27, 28, 38, 40, 41, 43], and 6 studies
studies were assessed for quality of diagnostic accuracy  addressing prediction of mortality [26, 27, 37, 39, 40, 42].
using QUADAS-2 tool [35] (Table 3, Fig. 2a-b). Consider- Two studies used 4 ROTEM® assays (EXTEM, INTEM,
ing the domains of patient selection, index test, reference ~ FIBTEM and APTEM) [23, 33]; 4 studies used 3 assays
standard, flow and timing, only 1 study (7.6 %) had low (EXTEM, INTEM, and FIBTEM) [25, 28, 36, 39]; 4 studies
risk of bias in all domains [40]; 7 studies (53.8 %) had low  used 2 assays (EXTEM and FIBTEM) [27, 40, 42, 43]; 1
and unclear risks [26, 28, 30, 38, 39, 41, 42]; and 5 studies  study used 2 other assays (EXTEM and INTEM) [38] and
(38.4 %) had high risk of bias in at least 1 domain [25, 27, 2 studies used 1 assay (EXTEM) [30, 41].

36, 37, 43]. In terms of applicability concerns, 9 studies

(69.2 %) [26-28, 30, 38, 39, 41-43] had low concerns and  Studies addressing thresholds of ROTEM® parameters to
4 studies (30.7 %) [25, 36, 37, 40] had at least 1 domain  diagnose ACoTS

with high concern. Definition of coagulopathy by SCTs and ROTEM® pa-
rameters varied across all studies. Five studies [25, 36,
Outcomes 39, 41, 43] used different SCTs as gold standards, with

We found ten studies addressing ROTEM® thresholds  different cut off values to define coagulopathy. For
for diagnosis of coagulopathy [25, 26, 30, 36, 37, 39-43], example, one study used INR >1.6 and/or aPTT >60s
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Table 3 QUADAS-2 Tool: summary of assessment of risk of bias and applicability concerns

Risk of bias Applicability concerns

Reference Patient selection  Index test  Reference standard ~ Flow and timing  Patient selection  Index test  Reference standard
Rugeri 2007 [36] © ® © © © ® ©
Levrat 2008 [37] © ? ® © © © &)
Schéchl 2009 [26] © ? ? © © © ©
Doran 2010 [25] ® ? ? © ® © ©
Leemann 2010 [38] © ? ? © © © ©
Schochl 2010 [27] (@) © © ©) © © ©
Schochl 2011 [39] © ? ? © © © ©
Davenport 2011 [41]  © ? ? © © © ©
Schéchl 2011 [28] © ? ? © © © ©
Tauber 2011 [40] © © © © ® © ©
Rourke 2012 [42] © ? ? © © © ©
Woolley 2012 [30] © ? © © © © ©
Hagemo 2015 [43] ® ? ? © © © ©

Legend: & denotes high risk of bias, © denotes low risk of bias, and ? denotes unclear risk of bias
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and/or a platelet count <100 x 10° L™! and/or fibrinogen
<1 g/L [36]. In contrast, another study used a prothrom-
bin time index (PTI) test <70 % (a value of <70 % in PTI
is equivalent to INR >1.3), aPTT >35 s, and fibrinogen
<1.50 g/L [39]. Lastly, coagulopathy was defined by
Davenport and Hagemo as an INR >1.2 [41, 43].

In ROTEM?”, 10 studies reported thresholds of parame-
ters in detecting the various defects in ACoTS [25, 26, 30,
36, 37, 39-43] (Table 4). However, there was a wide vari-
ation on the parameters chosen, and their cut off values.
Better designed studies used SCTs as controls when deter-
mining thresholds and cut-off values. Other studies used
the recommendations from previous consensus meetings
[44]. Finally, in other studies, authors used previous insti-
tutional experience, or cut-off values pre-established by
the ROTEM® manufacturer. Studies that used SCTs as ref-
erence standards for comparisons are described here.
Table 4 describes all evidence in details.

ROTEM® thresholds determined with comparison to
standard controls (SCTs)

In a study conducted by Rugeri [36], thresholds were
determined by evaluating the extent of correlation be-
tween ROTEM® parameters with corresponding SCTs
(CA15-EXTEM with PT: r=0.66, p <0.0001); clot for-
mation time [CFT]-INTEM with aPTT: r=0.91, p<
0.0001; CA10-FIBTEM with fibrinogen level: r = 0.85, p
<0.0001; CA15-INTEM with PLT count: r=0.57, p <
0.0001). The group found cut-off values of EXTEM
CA15 <32 mm and FIBTEM CA10 <5 mm to detect la-
boratory PT > 1.5 and fibrinogen level <1 g/L, with high
sensitivity (87 % and 91 %) and specificity (100 and
85 %), respectively. In another study, Levrat determined
the cut off values by assessing correlation between
ROTEM® parameters and euglobin lysis time (ELT),
used as the gold standard control [37]. In this study, a
threshold of 18 mm (MCF-EXTEM), 71 % (CLI30) AND
7 % increase of MCF-APTEM, sensitivity was, 100, 75
and 80 %, respectively with a specificity of 100 %. More-
over, Davenport [41] and Rourke [42] used ROTEM®
CA5<35 mm as threshold based on correlation with
normal PT values to discriminate normal from the ab-
normal curves in patients with ACoTS. Hagemo used
ROTEM?® threshold value of EXTEM CA5 <37 mm and
FIBTEM A5 < 8 mm to detect ACoTS [43]. These authors
used INR > 1.2 and fibrinogen concentration of <1.61 g/L
to define ACoTS, respectively [43]. A feasibility study [25]
in a deployed military trauma setting demonstrated that
an abnormal CA10 was associated with a subsequent de-
velopment of an abnormal MCF (<45 mm). MCF <45 mm
was present in a 100 % of MT patients. When PT > 18 s
and aPTT >60s were used as the gold standard for
ACoTS, only 10.5 % of patients were defined as coagulo-
pathic. By comparing these results with ROTEM® results,
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it was found that 64 % were coagulopathic (FIBTEM-
MCF <45 mm), (p=0.0005). Another study [41] re-
ported that the threshold EXTEM CA5 <35 mm pre-
dicted INR > 1.2 in 77 % of cases. In TBI patients, Schochl
[39] reported a cut off value of EXTEM-CT > 80s, com-
pared to PTI<70 %, to define coagulopathy (p =0.003).
Finally, in another study in the military setting [30] the
authors compared PT >18 s (gold standard) to diag-
nose coagulopathy and identified that early CA5<
32 mm and CA10 < 40 mm predicted the hypocoagulation
state with a sensitivity/specificity of CA5 96/58 % and
CA10 100/70 %, respectively, compared to SCTs.

Hypofibrinogenemia

Two studies investigated the use of FIBTEM CA10 <5 mm
and FIBTEM CA5<10 mm for diagnosing different
degrees of hypofibrinogenemia. In the first study [36],
FIBTEM CA10 <5 mm diagnosed fibrinogen levels below
1.0 g/L with sensitivity of 87 % and specificity of 91 %.
The second study [42] reported EXTEM CA5 <36 mm
with a sensitivity of 53 % and specificity of 87 % for
discerning patients with fibrinogen levels <1.5 g/L.
For FIBTEM CA5<10 mm, the reported sensitivity
and specificity were 78 and 70 % respectively for pre-
dicting a fibrinogen level below 1.5 g/L.

Hyperfibrinolysis

Three studies [26, 37, 40] reported thresholds of dif-
ferent ROTEM® parameters to diagnose degrees of
hyperfibrinolysis (HF) such as mild, moderate and ful-
minant. Two studies [26, 37] compared their findings
with SCTs. The first study [37] defined HF as euglob-
ulin lysis time (ELT) <90 min (used as gold standard)
in a series of 23 patients. The authors used EXTEM
MCF <18 mm, clot lysis index at 30 min (CLI30) <
71 % and APTEM MCF 7 % increase to define hyper-
fibrinolysis (HF) (sensitivity 100, 75, 80 % and specifi-
city 100 % for all, respectively) in these patients with
an abnormal ELT test. The second study [26] enrolled
33 trauma patients diagnosed with HF by ROTEM".
They used clot lysis in EXTEM and INTEM assays at
different time points across the ROTEM® tracing to
define the three patterns of HF, confirmed by the
APTEM test. A complete clot lysis (ML =100 %)
within 30 min was used to define patients with ful-
minant HF; complete clot lysis between 30 and
60 min defined intermediate HF and complete clot
lysis after 1 h to define late HF. The median values
of laboratory fibrinogen was lower in fulminant HF
group and intermediate HF group when compared
with late HF group (fulminant HF: 0.5 g/L; intermedi-
ate HF: 0.49 g/L compared with late HF 1.04 g/L, p =
0.048 for both).
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Table 4 Studies addressing ROTEM® thresholds used for diagnosis of trauma coagulopathies

Study Comparator ROTEM® thresholds used  Accuracy of threshold ~ AUC  Key findings
Sensitivity/Specificity
Rugeri 2006 [36] PTR>15 EXTEM CA15=32 mm 87 100 098 1 - Significant correlation between EXTEM CA15
FIB<1.0g/L FIBTEM A1T0=5 mm 91 85 096 <32mm and PT >1.5 (r=0.66, p < 0.0001) and

of FIBTEM CA10 <5 mm and Fibrinogen
<1.0 g/L (r=0.85, p < 0.0001).
2 — EXTEM A15=32 and FIBTEM A10=5 mm
had a higher sensitivity and specificity to detect
PTr> 1.5 and fibrinogen <1.0 g/L

Levrat 2008 [37] ELT < 90s EXTEM MCF <18 mm 100 100 1.00 1= MCF correlated well with ELT when compared

LI30<71 % 75 100 087  with amplitude and CLI.

APTEM MCF tby 7 % 80 100 092 2 - HF patients exhibited greater ROTEM®
abnormalities, lower INR, lower fibrinogen levels
and were more severely injured (1 ISS) compared
to the control group (all p < 0.05)

Schochl 2009 [26] No comparator  EXTEM and INTEM NA NA NA 1 - Fulminant HF confirmed by complete clot

ML =100 % lysis within 30 min by ROTEM® trace

Doran 2010 [25] PT>18s EXTEM MCF <45 mm NA NA NA 1 - ROTEM® detected coagulation abnormalities
aPTT>38s in 64 % patients vs. 10 % detected by SCTs as
compared to test reference ranges? (p = 0.0005).
2 — MCF <45 mm in 100 % of MT patients
Davenport 2011 [41] PTR>12 EXTEM CA5 <35 mm 77 NA NA 1 — EXTEM CA5 < 35 mm detected coagulopathy
with 77 % sensitivity and a false positive rate of
13 %
Tauber, 2011 [40] INR>15 EXTEM MCF <45 mm 72 76 083 1 - Prevalence of low fibrinogen, impaired fibrin
aPTT > 50s polymerization and reduced MCF was 26 %,
4 o ! ;
FB<15g/L  FIBTEM MCF<7 mm 86 71 089 0 |/° a”%%,ifﬁiﬁ’ecr've'y’ higher than the
PLT<100% 10° LI60 <85 % 79 78 0g4 Prolonged INR (14 %)
’ 2 —There was 1 F1 4+ 2 and TAT and low AT levels,
indicating 1 thrombin formation among all patients
Schochl, 2011 [39] PTI <70 %, EXTEM CT > 80s NA NA 0.77 1 - Coagulopathy was characterized by abnormal
CFT>159 s values in most or all ROTEM® measurements as
MCF <50 mm compared to reference range vs. SCT.
2 - Significantly low CA5-CA30 min, MCF in EXTEM,
aPTT > 3555, 3 INTEM CT> 240 s INTEM and FIBTEM assays in non survivors vs.
PLT<100x 10> CFT>110s sunvivors (p < 001)
MCF <50 mm '
FIB< 15 g/L FIBTEM MCF <9 mm
Rourke 2012 [42] FIB<15g/L EXTEM CA5 <36 mm 53 87 NA 1 - ROTEM® parameters correlated with fibrinogen

FIBTEM CA5 < 9.5 mm 78 70 NA  level
2 — Ex vivo fibrinogen administration reversed
coagulopathy by ROTEM®.

Woolley 2012 [30] PT>15 EXTEM CA5 <32 mm ) 58 NA 1 — EXTEM MCF < 40 mm and interim values of

EXTEM A10 <40 mm 100 70 NA  EXTEM A5 and A10 predicted coagulopathy
(A15: sensitivity/specificity of 96 %/58 % and for
A10: sensitivity/specificity 100 %/70 %)

Hagemo 2015 [43] INR>1.2 EXTEM CA5 <37 mm NA NA 0.79 1 - Highest ROTEM® AUC values were found for

FIBTEM CA5 <8 mm NA NA 080 EXTEM CA5 and FIBTEM CA5 for detecting ACoTS

2 — EXTEM CA5 < 37 mm had a detection rate of
66.3 % and FIBTEM
CA <8 mm had a detection rate of 67.5 % of ACoTS

Legend: aPTT activated partial thromboplastin time, AT antithrombin Ill, AUC area under curve, CA clot amplitude (measured at 5,10,15 min, etc.), CFT clot formation
time, ER emergency room, ED Emergency department, ELT euglobin lysis time, F1 + 2 prothrombin complex, FC fibrinogen concentrate, EXTEM extrinsically activated test
with tissue factor, FDP fibrin degradation products, FIB fibrinogen, FIBTEM fibrin-based extrinsically activated test with tissue factor and the platelet inhibitor cytochalasin
D, GCS Glasgow Coma Scale, HF hyperfibrinolysis, HGB hemoglobin, INR international normalized ratio, HCT hematocrit, ISS injury severity score, LI30 lysis index at

30 min, MCF maximum clot firmness, ML maximum lysis, mm millimeter, MT massive transfusion, NA not available, NPV negative predictive value, OR operation room,
PLT platelet, PPV positive predictive value, PT prothrombin time, PTR prothrombin ratio, s seconds, sen sensitivity, SLTs standard laboratory tests, spec specificity,
TAT thrombin antithrombin complex, TBI traumatic brain injury

Platelet count

A single study [36] evaluated the correlation between
platelet count and INTEM CA15 (r=0.57, p <0.0001).
the threshold value of INTEM CAl5=

However,

46 mm showed poor positive predictive (PPV) values

in the diagnosis of laboratory platelet count below
50 x10°L™" (sensitivity: 100 % [95 % CI 71-100],
specificity 83 % [95 % CI 82-83]; PPV 17 % [95 % CI
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12-17], negative predictive value [NPV] 100 % [95 %
CI 98-100]; AUC 0.92).

Studies addressing thresholds of ROTEM® parameters in
predicting or guiding transfusion

Predicting transfusion

Six studies reported ROTEM® thresholds either in pre-
dicting transfusion [28, 38, 40, 41, 43], including MT
[28, 38, 41, 43], or guiding transfusion [27] (Table 5).
Massive transfusion was defined by the need for transfu-
sion of 210U of RBCs within the first 12 h [41] or 24 h
[28, 38] of hospital admission in three studies. Values
outside the reference range for EXTEM and INTEM CT,
CFT, CA at 10, 20 and 30 min, as well as reduced MCF
were more likely in patients who required a MT vs.
patients who did not (p <0.0001, for all) [28, 38]. The
reference ranges used in this study were the same estab-
lished by the same group, in a previous study that used
SCTs as control [26].
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Davenport [41] demonstrated that EXTEM CA5 < 35 mm
predicted the need for MT with higher detection rate com-
pared to INR>1.2 (71 vs. 43 %, p<0.001). Schochl [28],
using threshold pre-established in a previous study by the
same group [26] reported that both FIBTEM A10 <4 mm
(ROC AUC = 0.83) and FIBTEM MCF <7 mm (ROC AUC
=0.84) were predictive of the need for MT. Lastly,
Hagemo [43] demonstrated that threshold values of
EXTEM CA5 <40 mm predicted MT in 72.7 % and FIB-
TEM CA5<9 mm predicted MT in 77.5 %, respectively.
However detection rate for MT was found to be highest
for INR, as compared to EXTEM CA5 (51.1 and 45.5 %,
respectively). The optimum threshold value for fibrinogen
in predicting MT was <1.90 g/L with a detection rate of
77.8 % and a positive predictive value of 14.

Guiding transfusion
Schochl [27], in a retrospective analysis of trauma patients
who received >5U RBCs within 24 h, and whose

Table 5 Studies addressing ROTEM® thresholds used to predict or guide blood transfusion

Study Comparator ROTEM® thresholds used  Accuracy of threshold ROC/AUC  Key findings
Sensitivity/Specificity
Massive transfusion
Leemann 2010 [38] aPTT> 365 EXTEM/INTEM CA10, NA NA 0.82 2 — INTEM MCF 37.5 + 2.9 associated
PLT<100x 10°  CA20, CFT, MCF with MT requirements within 24 h
INR>1.2 as per manufacturer
Tauber, 2011 [40] FIB 1.50 g/L FIBTEM MCF <7 mm 71 NA 0.80 1 — FIBTEM MCF < 7 mm associated
INR>15 with RBC use (OR 0.92, 95 % Cl
0.87-0.98)
Schochl 2011 [28] PLT<161x10° FIBTEM A10<4 mm 633 832 0.83 1 - 85 % patients with FIBTEM MCF
aPTT<352s FIBTEM MCF <7 mm 77.5 749 0.84 0-3 mm received MT
FIB<14 g/dL 2 — FIBTEM A10 (0.83) and FIBTEM
MCF (0.84) showed high predictive
value for MT
Davenport 2011 [41]  PTR>1.2 EXTEM CA5 <35 mm 714 % NA NA 1 - CA5 identified patients who
required MT with detection rate of
71 % vs. 43 % for PTR> 1.2, p < 0.001
Hagemo 2015 [43] INR>1.2 EXTEM CA5 <40 mm 72.7 % 775 % 0.75 1 — ROTEM CAS5 is a valid predictor
FIBTEM CA5 <9 mm 0.78 for MT.
Any transfusion
Schochl, 2010 [27] PT (11-1355) FIBTEM MCF < 10 mm NA NA NA 1 — ROTEM® guided FC and PCC
aPTT (26-35 ) EXTEM CT > 1.5 normal transfusion, associated with
FIB (2-4.5 g/L) favorable survival (24.4 % vs. 33.7 %;
PLT (150-350) p=0.032)
Davenport 2011 [41]  PTR>1.2 EXTEM CA5 <35 mm 333 % NA NA 1 — CA5 <35 mm predicted RBC

CT>9%s
Alpha < 65°

and plasma transfusion. Patients
with CA5 < 35 mm received more
RBC (46 % vs. 17 %, p < 0.001) and
plasma (37 % vs. 11 %, p < 0.001)
transfusions.

2 — CA5 <35 mm received more
RBC (4U vs. 1U, p < 0.001) and FFP
(2U vs. 0U, p < 0.001)

Legend: aPTT activated partial thromboplastin time, CA clot amplitude (measured at 5, 10, 15, 20 min, etc.), CT clotting time, CFT clot formation time, ED emergency
department, EXTEM extrinsically activated test with tissue factor; FIB fibrinogen, FC fibrinogen concentrate, FFP fresh frozen plasma, FIBTEM fibrin-based extrinsically
activated test with tissue factor and the platelet inhibitor cytochalasin D, GCS Glasgow coma scale, HGB hemoglobin, INR international normalized ratio, ISS injury severity
score, MCF maximum clot firmness, MT massive transfusion, NA not available, PC platelet concentrate, PCC prothrombin complex concentrate, PLT platelets, RBC red

blood cells, PT prothrombin time, PTI prothrombin time index, PTR prothrombin time ratio, RBC red blood cells
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coagulation management was guided by ROTEM®, devel-
oped a clinical practice guideline using thresholds of
ROTEM® parameters to guide transfusion. The group
used a threshold of FIBTEM MCF<10 mm to guide
transfusion of fibrinogen concentrate (FC) and used
EXTEM CT > 1.5 times normal to guide PCC administra-
tion. Reference ranges used for these ROTEM tests’ pa-
rameters were previously determined in a multi-center
investigation by Lang [45]. The authors were able to dem-
onstrate a reduction in the number of RBC units trans-
fused. The use of RBC units was avoided in 29 % of
patients receiving FC and PCC therapy compared to only
3 % avoided in the group receiving fresh frozen plasma
(EEP) (p < 0.001).

Studies addressing thresholds of ROTEM® parameters in
predicting mortality

Six studies evaluated ROTEM® thresholds in predicting
mortality (Table 6) [26, 27, 37, 39, 40, 42]. These studies
evaluated mortality at different time points, including:
within 24 h of arrival [40]; death in hospital [26, 40];
death within 24 h and 28 days [42], 30 days [40], and
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two studies did not define the time to death [27, 37].
Two studies reported that trauma patients with the diag-
nosis of HF had higher rates of mortality [26, 37]. The
studies defined HF differently: Schochl defined HF as a
complete clot lysis (ML =100 %) on ROTEM" at different
time intervals as fulminant HF, intermediate HF and late
HF as described above [26]. Finally, Levrat defined HF as
an ELT < 90 min. [37] We describe here under the studies
that adjusted their findings for confounders, or compared
findings with previously validated trauma scores [46, 47].
The full description of the evidence is on Table 6.

Tauber [40] found a significant increase in mortality
with FIBTEM <7 mm (21 vs. 9 %, p = 0.006) and EXTEM
MCF<45 mm (254 vs 94 %, p<0.001). Similarly,
EXTEM MCF was independently and negatively associ-
ated with early mortality (OR 0.94, 95 % CI 0.9-0.99). The
author additionally reported 85.7 % mortality in patients
with fulminant HF (ML100% within 30 min), and 11.1 %
mortality in patients with moderate HF (ML100% between
30 and 60 min). Rourke [42] reported that a low FIBTEM
A5<9.5 mm was an independent predictor of 24 h and
28 days mortality (p < 0.001).

Table 6 Studies addressing ROTEM®® thresholds for the prediction/reduction of mortality

Study Comparator Optimal ROTEM®® Accuracy of threshold Key findings
Parameter and cut off Sensitivity  Specificity AUC
Levrat 2008 [37] ELT <90 min EXTEM MCF £18 mm 100 100 1.00 1 - Patients with HF had higher mortality rate
LI30<71 % 75 100 0.87 (100 %, Cl: 48-100 % vs. 11 % Cl: 5-20 %, p < 0.05)
APTEM MCF 1 by 7 % 80 100 0.80
Schochl 2009 [26] No comparator ML =100 % NA NA NA 1 - Fulminant HF associated with 100 % mortality
2 = 1CFT and |PLT contribution to MCF associated
with tmortality (p = 0.042 and p = 0.026 respectively)
Schochl 2010 [27]  No comparator  FIBTEM MCF < 10 mm NA NA NA 1 - Observed mortality was lower than the predicted
EXTEM CT > 1.5 X normal mortality by TRISS (24.4 % vs.33.7 %, p = 0.032) with
a favourable survival rate.
Tauber, 2011 [40] PT=70% FIBTEM MCF <7 mm, NA NA 038 1 — FIBTEM MCF <7 mm and EXTEM MCF < 45 mm
FIB=1.82 g/L EXTEM CT 91 s associated with higher mortality (21 % vs. 9 % SCTs,
EXTEM CFT 218 s p=0.006 and 25.4 % vs. 9.4 % SCTs, p < 0.001,
EXTEM MCF 46 mm respectively)
2 — EXTEM MCF had strong association with early
deaths (OR 0.94, 95 % Cl 0.9-0.99).
Schochl, 2011 [39] aPTT>35s FIBTEM MCF <9 mm NA NA 0.77 1 - Decrease in clotting times in EXTEM and INTEM
(p <0.001), decreased CFT in EXTEM and INTEM
(p <0.0001), and increased MCF in EXTEM, INTEM,
and FIBTEM (p < 0.01) were noted in survivors
compared with non-survivors, in patients with
severe isolated TBI
2 — FIBTEM MCF (ROC 0.77, 95 % CI 0.66.5-0.85,
p <0.001) and aPTT (ROC 0.79 95 % Cl 0.68-0.86,
p <0.001) independently associated with mortality.
Rourke, 2012 [42]  FIB< 1.5 g/L EXTEM CA5 <36 mm 53 87 NA 1 - Fibrinogen level was independently associated
FIBTEM CA5 <10 mm 78 70 NA  with higher mortality at 24 h and 28 days (p < 0.001).

ROTEM could detect hypofibrinogenemia early and
rapid replacement of fibrinogen may improve
outcomes.

Legend: aPTT activated partial thromboplastin time, APTEM EXTEM test inactivated using aprotinin, CA5 clot amplitude at 5 min, CT clotting time, CFT clot formation
time, ELT euglobulin lysis time, EXTEM extrinsically activated test with tissue factor, FIB fibrinogen, FIBTEM fibrin-based extrinsically activated test with tissue factor and
the platelet inhibitor cytochalasin D, HF hyperfibrinolysis, INTEM intrinsically activated test, LI30 lysis index at 30 min, MCF maximum clot firmness, ML maximum lysis,
NA not available, OR odds ratio, PC platelet concentrate, ROC receiver operating curve, s seconds, SCTs standard coagulation tests, TRISS Trauma injury severity score
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In a study in brain injury patients, Schochl [39] demon-
strated an independent association between FIBTEM
MCEF <9 mm (ROC: 0.77; 95 % CI, 0.665—0.850, p < 0.001)
and aPTT >35 s (ROC 0.79; 95 % CI 0.686-0.868, p <
0.001), and mortality. Moreover, in this study, ROTEM®
revealed shorter CT in EXTEM and INTEM (p < 0.001),
shorter CFT in EXTEM and INTEM (p<0.0001), and
higher MCF in EXTEM and INTEM (p <0.01) in survi-
vors compared with non-survivors. Finally, in another
study conducted the Schochl [27], where trauma patient
resuscitation was guided by ROTEM® with FC and PCC, a
reduction in the observed mortality than the predicted
mortality by TRISS and RSS was demonstrated (24.4 vs.
33.7 %, p = 0.032).

Discussion

Main findings

We performed a systematic review of the literature to as-
certain the existing evidence on the reported thresholds of
ROTEM® parameters in diagnosing coagulopathy, predict-
ing or guiding transfusion and predicting mortality in
trauma patients. Thirteen studies evaluating 2835 patients
met our inclusion criteria. Overall, the methodological
quality of the included studies was moderate. In general,
the patient populations were different across studies. We
found studies using different ROTEM® parameters and dif-
ferent thresholds for the same ROTEM® parameter for the
diagnosis of coagulopathy and guidance of component
transfusions. We did not find any randomized controlled
trials, and the majority of the retrospective or prospective
cohort studies found in the review did not have a gold
standard coagulation test used for comparison. Where
SCTs results were used as the gold standard, there were no
studies done to validate the chosen cut-off. We were not
able to pool the data and conduct meta-analysis due to the
marked clinical heterogeneity among the studies. Consider-
ing the limited number of studies and the moderate meth-
odological quality, we concluded that there is still no robust
evidence supporting the thresholds of ROTEM® parameters
reported in the literature in diagnosing coagulopathy, guid-
ing or predicting transfusion, and predicting mortality.

For diagnosis of coagulopathy, the most properly de-
signed studies, using a control (SCTs), identified several
different parameters and thresholds. However, definition
of coagulopathy by SCTs was not standardized. Most
common parameters used to define coagulopathy across
the studies were EXTEM-CA5, CA10, CA15, which were
correlated with PT and INR. The cut-off values varied
from 5 mm in CA5 to 35 mm in CA15. Of note, several
other studies used arbitrary values obtained from previ-
ous expert group meetings, previous author’s experience
or from reference values from the manufacturer.

Hypofibrinogenemia was diagnosed, in general, with
FIBTEM CA5 and CAl10 (<10 mm and <5 mm,
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respectively). Gold standards SCTs used for comparison
were fibrinogen <1.0 g/L or 1.5 g/L. In the assessment of
hyperfibrinolysis, complete clot lysis (ML100 %) and LI60
<85 % were used as definition of hyperfibrinolysis, with
the ELT < 90 min as the gold standard for comparison.

For prediction of transfusion, the best designed study
established EXTEM-CAS5 < 35 mm using INR as control.
The other studies did not use SCTs as gold standards for
control. In those studies, the parameters and their cut off
values were established from previous author’s experiences
or from the manufacturer of the ROTEM® device. Values
outside the reference range for EXTEM and INTEM CT,
CFT, CA at 10, 20 and 30 min, as well as reduced MCF
were more likely in patients who required a MT, as com-
pared to patients who did not. Other parameters used
were EXTEM CA5 <35 mm and FIBTEM-MCF <7 mm
that were also associated with the need for MT.

In transfusion guidance, FIBTEM MCF < 10 mm and
EXTEM CT > 1.5 times normal were used to guide ad-
ministration of FC and PCC, respectively, with a reduc-
tion of the number of RBC units used in the FC/PCC
group, compared to fresh frozen plasma (FFP) group
(p <0.001). No other study reported on ROTEM® met-
rics utilized to guide transfusion.

Mortality was assessed in different studies, and overall,
an association between hyperfibrinolysis and mortality
was demonstrated (maximum lysis of 100 %, defined using
ELT as control). Multiple parameters were found to be
associated with mortality, including: FIBTEM <7 mm/
<9 mm/<9.5 mm, EXTEM-MCF<45 mm; shorter
EXTEM-CT, INTEM-CT, EXTEM-CFT and INTEM-
CFT; higher EXTEM-MCE, INTEM-MCE.

Two systematic reviews of ROTEM® and TEG®, the
similar viscoelastic currently mostly used in United
States, exist for nontrauma populations. A Cochrane re-
view [18] included nine RCTs, mostly in cardiac surgery,
that compared transfusion guided by ROTEM® and
TEG® with transfusion guided by clinical judgment,
SCTs, or both in severely bleeding patients. This review
found that ROTEM® and TEG® reduced blood loss by a
mean of 85 ml (95 % CI, 29 to 141 ml) but had no effect
on mortality. Another systematic review [48] included
16 observational studies and two RCTs in patients
with sepsis and concluded that ROTEM® and TEG®
(compared with SCTs) may detect impaired fibrinolysis,
which may help to discriminate between sepsis and sys-
temic inflammatory response syndrome (SIRS). Aside
from current moderate quality, the evolving trauma litera-
ture brings evidence that ROTEM® has the potential to
diagnose ACoTS, and predict and guide transfusion faster
than the SCTs due to the point of care nature of the tests.
Cut-off values of various ROTEM® parameters may diag-
nose the different nuances of ACoTS such as the different
causes for hypocoagulation (low levels of clotting factors,
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fibrinogen and platelets, and platelet dysfunction), and
hyperfibrinolysis.

Strengths and weaknesses of this study, and future research
Major limitations of this review are related to the quality
of the included studies, which were not powered with
proper sample sizes for detection of differences, for ex-
ample. The studies were only observational, and without
appropriate control groups. No randomized trials were
found in the trauma population. Studies also included
different transfusion triggers and transfusion protocols,
limiting direct comparisons when evaluating prediction
for transfusion. Reproducible technical standards for the
performance of ROTEM® were lacking in the included
studies. Inconsistent reporting data precluded calculation of
summary diagnostic test-performance measures and ex-
ploration of threshold effects. Different cut-off values and
different parameters were used, what makes standardization
and interpretation difficult. A major problem faced by diag-
nostic studies of ACoTS is the ambiguous nature of the
gold standard, given that SCTs may not provide an ad-
equate description of all associated abnormalities or may be
inferior to ROTEM® parameters. Important treatment dif-
ferences between many included studies and contemporary
practice include substitution of FEP for clotting factors con-
centrate such as PCC, FC, and cryoprecipitate, what con-
tributed to the clinical heterogeneity across the studies.
Although this review found intense heterogeneity, clinically
useful and seemingly valid conclusions were reported, and
will be useful in designing future studies and future clinical
practice guidelines. Our findings add to the current litera-
ture importantly, as we were able to summarize and critic-
ally appraise the evidence on the threshold values of
ROTEM® parameters use in trauma and demonstrate that
the accuracy of the current parameters and their cut-off
values need further research to be consolidated.

The information obtained in this review may be useful
in designing properly and adequately powered clinical
trials to detect differences in laboratory and clinical
endpoints, such as bleeding, morbidity, and mortality.
Confirmation to whether a resuscitation process guided
by ROTEM® parameter thresholds will result in less
exposure to allogeneic blood products, as compared to
resuscitation guided by SCT or with a blind formula re-
suscitation is still warranted. Additionally, determination
of specific ROTEM® parameter thresholds as independ-
ently predictors of the need for massive transfusion and
mortality, assisting the trauma team with prognostica-
tion soon after arrival to hospital, are needed.

Conclusion

In summary, this systematic review finds that, consist-
ently across all manuscripts reviewed, abnormal EXTEM
and FIBTEM clot amplitude (CA5, CA10, CA20) and

Page 12 of 14

MCEF are capable of diagnosing ACoTS (compared to
SCT tests), predict the need for massive transfusion, and
predict mortality. Furthermore, the presence of lysis, diag-
nosed by abnormal LI30 or ML is also strongly associated
with mortality. Thus, based on the current available evi-
dence we reviewed, it could be extrapolated that clinical
practice guidelines using ROTEM® parameters thresholds
to guide blood component transfusion could be clinically
useful. Goal-directed component transfusion approach
guided by ROTEM® may reduce the exposure to allogeneic
blood products and the complications derived from in-
appropriate resuscitation. However, due to the use of arbi-
trary cut-off values, lack of randomized controlled trials,
cohort studies with small sample sizes, without compar-
able controls, and heterogeneous patient populations, no
further conclusions can be drawn from the literature to
date. Better designed prospective studies comparing
ROTEM"’-guided transfusion protocols with conventional
massive transfusion protocols or transfusion guided by
SCTs are warranted to determine optimal parameters and
accurate thresholds.

Additional file

Additional file 1: A systematic review on the rotational thrombelastometry
(ROTEM®). (DOCX 25 kb)

Abbreviations

ACOTS: Acute coagulopathy of trauma and shock; ACT: Activated clotting
time; APTEM: Aprotinin-based extrinsically activated test; aPTT: Activated
partial thromboplastin time; ATC: Acute trauma coagulopathy; AUC: Area
under the curve; CA10: Clot amplitude at 10 min; CA15: Clot amplitude at

15 min; CFT: Clot formation time; Cl: Confidence interval; CLI: Clot lysis index;
CT: Clotting time; ELT: Euglobin lysis time; EXTEM: Extrinsically-activated test;
FC: Fibrinogen concentrate; FFP: Fresh frozen plasma; FIBTEM: Fibrin-based
extrinsically activated test; HF: Hyperfibrinolysis; INR: International normalized
ratio; INTEM: Intrinsically-activated test; IQR: Interquartile range; ISS: Injury
severity score; LI30: Lysis index at 30 min; MA: Maximal amplitude;

MCF: Maximal clot firmness; ML: Maximum lysis; MT: Massive transfusion;
NOS: Newcastle-Ottawa scale; NPV: Negative predictive value; OR: Odds ratio;
PCC: Prothrombin complex concentrate; PLT: Platelet concentrate;

POC: Point-of-care; PPV: Positive predictive value; PRISMA: Preferred reporting
items for systematic reviews and meta-analyses; PT: Prothrombin time;
QUADAS: Quality assessment of diagnostic accuracy studies; RBC: Red blood
cells; RCT: Randomized controlled trial; RCT: Randomized controlled trial;
RISC: Revised injury severity classification; ROC: Receiver operating curve;
ROTEM?®: Rotational thromboelastometry; r-TEG®: Rapid thromboelastography;
SBP: Systolic blood pressure; SCT: Standard coagulation test; SD: Standard
deviation; TAT: Turnaround time; TBI: Traumatic brain injury;

TEG®: Thromboelastography; TEM: Thromboelastometry; TG: Thrombin
generation; TRISS: Trauma injury severity score; UK: United Kingdom

Acknowledgements
We thank Ms. Ekaterina Petkova for her assistance with the literature search
of this study.

Funding
This study received funding from MITACs accelerate doctoral award.

Availability of data and supporting materials
Not applicable.


dx.doi.org/10.1186/s13049-016-0308-2

Veigas et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine (2016) 24:114

Authors’ contributions

PW, LTD participated in the study design, data collection, data analysis,
manuscript preparation and revision of the manuscript. JC, SR, BN
participated in the study design, manuscript preparation and revision.
All authors approved the final manuscript.

Authors’ information
No relevant information to be disclosed.

Competing interests

Dr. Rizoli = Member of a Scientific Advisory Board to CSL Behring.

Dr. Jeannie Callum - Funding from TEM International for research on the use
of ROTEM® in cardiac surgery.

Dr. Bartolomeu Nascimento — None.

Precilla V Veigas — None.

Luis Teodoro Da Luz — None.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Author details

'Department of Surgery, St. Michael's Hospital and Institute of Medical
Science, University of Toronto, 30 Bond Street, 3074 Donnelly Wing, Toronto
M5W 1B8, ON, Canada. “Department of Clinical Pathology, Sunnybrook
Health Sciences Center and Institute of Medical Science, University of
Toronto, 2075 Bayview Avenue Room B2.04, Toronto M4N 3M5, ON, Canada.
*Departments of Surgery and Critical Care Medicine, St. Michael's Hospital
and University of Toronto, 30 Bond Street, 3074 Donnelly Wing, Toronto
M5W 1B8, ON, Canada. “Department of Surgery, Sunnybrook Health Sciences
Centre and University of Toronto, 2075 Bayview Avenue, Room H1.71,
Toronto M4N 3M5, ON, Canada.

Received: 2 June 2016 Accepted: 23 September 2016
Published online: 03 October 2016

References

1. Brohi K Singh J, Heron M, Coats T. Acute traumatic coagulopathy. J Trauma.
2003;54(6):1127-30.

2. Kauvar DS, Lefering R, Wade CE. Impact of hemorrhage on trauma
outcome: an overview of epidemiology, clinical presentations, and
therapeutic considerations. J Trauma. 2006;60(6 Suppl):S3-S11.

3. Macleod JB, Lynn M, McKenney MG, Cohn SM, Murtha M. Early coagulopathy
predicts mortality in trauma. J Trauma. 2003;55(1):39-44.

4. Maegele M, Lefering R, Yucel N, et al. Early coagulopathy in multiple injury:
an analysis from the German Trauma Registry on 8724 patients. Injury.
2007,38(3):298-304.

5. Sauaia A, Moore FA, Moore EE, et al. Epidemiology of trauma deaths: a
reassessment. J Trauma. 1995;38(2):185-93.

6. Armand R, Hess JR. Treating coagulopathy in trauma patients. Transfus Med
Rev. 2003;17(3):223-31.

7. Dzik WH. Predicting hemorrhage using preoperative coagulation screening
assays. Curr Hematol Rep. 2004;3(5):324-30.

8. Frankel HL, Rozycki GS, Ochsner MG, et al. Minimizing admission laboratory
testing in trauma patients: use of a microanalyzer. J Trauma. 1994;37(5):728-36.

9. Rossaint R, Bouillon B, Cerny V, et al. Management of bleeding following
major trauma: an updated European guideline. Crit Care. 2010;14(2):R52.

10.  Duchesne JC, Hunt JP, Wahl G, et al. Review of current blood transfusions
strategies in a mature level | trauma center: were we wrong for the last 60
years? J Trauma. 2008,65(2):272-6.

11. Spahn DR, Rossaint R. Coagulopathy and blood component transfusion in
trauma. Br J Anaesth. 2005,95(2):130-9.

12. Dzik WH, Blajchman MA, Fergusson D, et al. Clinical review: Canadian National
Advisory Committee on Blood and Blood Products-Massive transfusion
consensus conference 2011: report of the panel. Crit Care. 2011;15(6):242.

13. Spahn DR, Bouillon B, Cerny V, et al. Management of bleeding and
coagulopathy following major trauma: an updated European guideline.
Crit Care. 2013;17(2):R76.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

Page 13 of 14

Gorlinger K, Dirkmann D, Hanke AA, et al. First-line therapy with coagulation
factor concentrates combined with point-of-care coagulation testing is
associated with decreased allogeneic blood transfusion in cardiovascular surgery:
a retrospective, single-center cohort study. Anesthesiology. 2011;115(6):1179-91.
Gorlinger K, Fries D, Dirkmann D, Weber CF, Hanke AA, Schochl H.
Reduction of fresh frozen plasma requirements by perioperative point-of-
care coagulation management with early calculated goal-directed therapy.
Transfus Med Hemother. 2012;39(2):104-13.

Tanaka KA, Bolliger D, Vadlamudi R, Nimmo A. Rotational thromboelastometry
(ROTEM)-based coagulation management in cardiac surgery and major
trauma. J Cardiothorac Vasc Anesth. 2012;26(6):1083-93.

Gorlinger K. Coagulation management during liver transplantation.
Hamostaseologie. 2006;26(3 Suppl 1):564-76.

Afshari A, Wikkelso A, Brok J, Moller AM, Wetterslev J. Thrombelastography (TEG)
or thromboelastometry (ROTEM) to monitor haemotherapy versus usual care in
patients with massive transfusion. Cochrane Database Syst Rev. 2011;3:CD007871.
Luddington RJ. Thrombelastography/thromboelastometry. Clin Lab
Haematol. 2005;27(2):81-90.

Johansson PI, Stissing T, Bochsen L, Ostrowski SR. Thrombelastography and
tromboelastometry in assessing coagulopathy in trauma. Scand J Trauma
Resusc Emerg Med. 2009;17:45.

Kang YG, Martin DJ, Marquez J, et al. Intraoperative changes in blood
coagulation and thrombelastographic monitoring in liver transplantation.
Anesth Analg. 1985;64(9):888-96.

Spalding GJ, Hartrumpf M, Sierig T, Oesberg N, Kirschke CG, Albes JM. Cost
reduction of perioperative coagulation management in cardiac surgery:
value of "bedside” thrombelastography (ROTEM). Eur J Cardiothorac Surg.
2007;31(6):1052-7.

Trzebicki J, Flakiewicz E, Kosieradzki M, et al. The use of thromboelastometry
in the assessment of hemostasis during orthotopic liver transplantation
reduces the demand for blood products. Ann Transplant. 2010;15(3):19-24.
Brenni M, Worn M, Bruesch M, Spahn DR, Ganter MT. Successful rotational
thromboelastometry-guided treatment of traumatic haemorrhage,
hyperfibrinolysis and coagulopathy. Acta Anaesthesiol Scand. 2010;54(1):111-7.
Doran CM, Woolley T, Midwinter MJ. Feasibility of using rotational
thromboelastometry to assess coagulation status of combat casualties
in a deployed setting. J Trauma. 2010;69 Suppl 1:540-8.

Schochl H, Frietsch T, Pavelka M, Jambor C. Hyperfibrinolysis after major
trauma: differential diagnosis of lysis patterns and prognostic value of
thrombelastometry. J Trauma. 2009,67(1):125-31.

Schochl H, Nienaber U, Hofer G, et al. Goal-directed coagulation management
of major trauma patients using thromboelastometry (ROTEM)-guided
administration of fibrinogen concentrate and prothrombin complex
concentrate. Crit Care. 2010;14(2)R55.

Schochl H, Cotton B, Inaba K, et al. FIBTEM provides early prediction of
massive transfusion in trauma. Crit Care. 2011;15(6):R265.

Schochl H, Nienaber U, Maegele M, et al. Transfusion in trauma:
thromboelastometry-guided coagulation factor concentrate-based
therapy versus standard fresh frozen plasma-based therapy. Crit Care.
2011;15(2):R83.

Woolley T, Midwinter M, Spencer P, Watts S, Doran C, Kirkman E. Utility of
interim ROTEM((R)) values of clot strength, A5 and A10, in predicting final
assessment of coagulation status in severely injured battle patients. Injury.
2013;44(5):593-9.

Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate health
care interventions: explanation and elaboration. J Clin Epidemiol.
2009,62(10):e1-e34.

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Int J Surg.
2010;8(5):336-41.

Cohen J. Weighted kappa: nominal scale agreement with provision for
scaled disagreement or partial credit. Psychol Bull. 1968;70(4):213-20.
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp. 2016.
Accessed 28 Sept 2016. Ref Type: Online Source.

Whiting PF, Rutjes AW, Westwood ME, et al. QUADAS-2: a revised tool for
the quality assessment of diagnostic accuracy studies. Ann Intern Med.
2011;155(8):529-36.

Rugeri L, Levrat A, David JS, et al. Diagnosis of early coagulation abnormalities
in trauma patients by rotation thrombelastography. J Thromb Haemost.
2007;5(2):289-95.


http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp

Veigas et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine (2016) 24:114

37.

38.

39.

40.

41,

42.

43.

44,

45,

46.

47.

48.

Levrat A, Gros A, Rugeri L, et al. Evaluation of rotation thrombelastography
for the diagnosis of hyperfibrinolysis in trauma patients. Br J Anaesth.
2008;100(6):792-7.

Leemann H, Lustenberger T, Talving P, et al. The role of rotation
thromboelastometry in early prediction of massive transfusion. J Trauma.
2010,69(6):1403-8.

Schochl H, Solomon C, Traintinger S, et al. Thromboelastometric (ROTEM)
findings in patients suffering from isolated severe traumatic brain injury.

J Neurotrauma. 2011;28(10):2033-41.

Tauber H, Innerhofer P, Breitkopf R, et al. Prevalence and impact of
abnormal ROTEM(R) assays in severe blunt trauma: results of the 'Diagnosis
and Treatment of Trauma-Induced Coagulopathy (DIA-TRE-TIC) study".

Br J Anaesth. 2011;107(3):378-87.

Davenport R, Manson J, De'Ath H, et al. Functional definition and
characterization of acute traumatic coagulopathy. Crit Care Med.
2011;39(12):2652-8.

Rourke C, Curry N, Khan S, et al. Fibrinogen levels during trauma
hemorrhage, response to replacement therapy, and association with
patient outcomes. J Thromb Haemost. 2012;10(7):1342-51.

Hagemo JS, Christiaans SC, Stanworth SJ, et al. Detection of acute traumatic
coagulopathy and massive transfusion requirements by means of rotational
thromboelastometry: an international prospective validation study. Crit Care.
201519.97.

Gorlinger K KRNASB. Recommendations for using the ROTEM1 in the
management of non-cardiac surgery and trauma: recommendations
from the ROTEM1 Expert Meeting Working* Group, Munich, 2007
version 2 May 2008. 2016

Lang T, Bauters A, Braun SL, et al. Multi-centre investigation on reference
ranges for ROTEM thromboelastometry. Blood Coagul Fibrinolysis.
2005;16(4):301-10.

Boyd CR, Tolson MA, Copes WS. Evaluating trauma care: the TRISS method.
Trauma Score and the Injury Severity Score. J Trauma. 1987;27(4):370-8.
Offner PJ, Jurkovich GJ, Gurney J, Rivara FP. Revision of TRISS for intubated
patients. J Trauma. 1992;32(1):32-5.

Muller MC, Meijers JC, Vioom MB, Juffermans NP. Utility of thromboelastography
and/or thromboelastometry in adults with sepsis: a systematic review. Crit Care.
2014;18(1):R30.

Page 14 of 14



	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Background
	Methods
	Information sources and search technique
	Eligibility criteria and study selection
	Data abstraction and analysis

	Results
	Study characteristics
	Methodological quality
	Outcomes
	Studies addressing thresholds of ROTEM® parameters to diagnose ACoTS
	ROTEM® thresholds determined with comparison to standard controls (SCTs)
	Hypofibrinogenemia
	Hyperfibrinolysis
	Platelet count

	Studies addressing thresholds of ROTEM® parameters in predicting or guiding transfusion
	Predicting transfusion
	Guiding transfusion
	Studies addressing thresholds of ROTEM® parameters in predicting mortality


	Discussion
	Main findings
	Strengths and weaknesses of this study, and future research

	Conclusion
	Additional file
	show [abbrev]
	Acknowledgements
	Funding
	Availability of data and supporting materials
	Authors’ contributions
	Authors’ information
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

