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Abstract: With the advent of new viscoelastometric hemostatic assay (VHA) devices, with ready-
to-use cartridge reagents allowing for their use by people without special laboratory skills, the
appreciation of the actual clinical value of VHAs in settings such as severe trauma, post-partum
hemorrhage, cardiac surgery and liver transplantation still needs to be fully validated. While
two of the newest versions remain based on a ‘cup and pin’ system (ROTEM® sigma, ClotPro®),
two other new devices (TEG® 6s, Quantra®) rely on very different technologies: clotting blood is
no longer in contact with the probe and challenged by oscillation of one of the components but
explored with ultrasound exposure. A systematic literature search (including Sonoclot®) retrieved
20 observational studies (19 prospective). Most studies pointed to imperfect agreements, highlighting
the non-interchangeability of devices. Only a few studies, often with a limited number of patients
enrolled, used a clinical outcome. No study compared VHA results with conventional laboratory
assays obtained through a rapid tests panel. Clinical evidence of the utility of the new VHAs
largely remains to be proven through randomized clinical trials, with clinically relevant outcomes,
and compared to rapid panel hemostasis testing. The availability of new, improved VHA devices
provides an impetus and an opportunity to do so.

Keywords: viscoelastic testing; viscoelastometry; trauma; postpartum hemorrhage; cardiac surgery;
liver transplantation; COVID-19; coagulopathy; rotational thromboelastometry; thromboelastogra-
phy; fibrinogen

We read with much interest the review by Volod et al. on what they named viscoelastic
hemostatic assays (VHAs)—the measurement of changes in mechanical (elastic) properties
of a growing and evolving clot of whole blood. The authors are to be commended for the
overview of the devices currently available in clinical practice [1]. We would like, however,
to raise some concerns about their actual documented clinical usefulness and as a result
express a less enthusiastic view.

The authors claim that VHAs have become essential in some surgical settings such
as severe trauma, cardiac surgery and liver transplantation. Some others have advocated
for the use of VHAs in the diagnosis [2] and the perioperative management of patients
with inherited fibrinogen disorders [3]. Even though we do not deny the educational value
of VHASs and their popularity, we would like to dampen the appreciation of their actual
clinical value. Cardiac surgery is, indeed, one of the clinical settings where the contribution
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of VHAs has been the most studied and has shown a potential benefit if integrated in
a transfusion algorithm, with a decrease in mortality when a VHA-guided algorithm is
preferred to a lab-guided algorithm [4-7]. In severe trauma, however, only one randomized
study found a positive effect on mortality of the VHA-guided transfusion algorithm [8].
Finally, in other settings such as liver transplantation or post-partum hemorrhage, the most
important is to use a transfusion algorithm and to not delay antifibrinolytic administration,
keeping in mind that VHAs lack sensitivity to hyperfibrinolysis [9-12].

As stated by the authors, ROTEM® sigma and ClotPro® remain based on a ‘cup and
pin’ system, whereas two other new devices are based on very different technologies:
the TEG® 6s Hemostasis Analyzer (Haemonetics Corporation, Boston, MA, USA) and
the Quantra® device (HemoSonics, LLC, Charlottesville, VA, USA); clotting blood is no
longer in contact with the probe and challenged by oscillation of one of the components
but explored with ultrasound exposure. Although available for a while, we wish also
to consider the Sonoclot® analyzer (Sienco, Morrison, CO, USA), since it too does not
rely on the ‘cup and pin’ system: it monitors along clotting the changes in impedance
to the movement of a probe inserted in the blood sample and vibrating at an ultrasonic
frequency [13]. The critical question as to whether the results of clinical studies conducted
with an old generation of VHAs based on a ‘cup and pin’ system can be extrapolated to
operating rooms or intensive care units where another device of substantially different
technology is implemented is unfortunately left unaddressed by the authors. It is of interest
too to look at the comparative performances of the two older versions of VHAs based on a
‘cup and pin’ system: ROTEM® sigma and ClotPro®.

We thus performed a systematic literature search in PubMed and Scopus databases,
using the following keywords: “ROTEM® sigma OR TEG® 6s OR Quantra® OR Sonoclot®
OR ClotPro®” AND “trauma OR postpartum hemorrhage OR cardiac surgery OR liver
transplantation”, to assess the level of evidence currently available for the use of those
devices in operating rooms and/or intensive care units. The last search was conducted on
12 August 2022 and included all studies published whether in English, French or Italian.
Among the 20 retrieved studies, all observational, 19 were prospective, and most of them
were conducted in the field of cardiac surgery (N = 13); three evaluated VHAs in the
field of trauma, two studied VHAs during post-partum hemorrhage, and two during liver
transplantation (Table). The comparator was variablean older VHA (of the same company
(ROTEM devices, TEG devices) or not) and/or a new one as well, with sometimes standard
laboratory results and/or clinical endpoints, among which was Clauss fibrinogen. Of note,
we found that most studies with Sonoclot® were performed in cardiac surgery (four out of
the five retrieved studies); ROTEM® sigma was the only one studied during post-partum
hemorrhage (in total, six studies with ROTEM® sigma); TEG® and Quantra® devices were
studied five times (across all settings but post-partum hemorrhage and only trauma and
cardiac surgery, respectively), whereas ClotPro® was just once, and with the tPA test only
(liver transplantation). The way the comparison was analyzed was variable (see Table 1);
of note, only parameters dealing with the same aspect of clotting blood in response to a
similar initiation (tissue factor or contact phase activator), or with fibrinogen levels, should
be compared.
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Table 1. Systematic short summary of retrieved studies comparing devices relying or not on the ‘cup and pin’ system, and new- and old-generation devices relying

on the ‘cup and pin’ system.

. . c . N N blood . . Study Conclusion of the
Article Setting Study Objective Design Patients Samplings Comparison Comparison Methods Limitations Study
Correlations between TEG® 6s Similar values for
and ROTEM® Sigma Few patients with .
. . maximum clot
measurements calculated using clinically streneth between
To evaluate Spearman rank correlation. significant the tw%) devices but
heth ® ® Differences between thrombocytopenia ionifi
Ziegler Eur | Trauma (level whether TEG 6 . TEG 65 vs. categorical variables analyzed and low significant
Annesthesiol one trauma and ROTEM® Prospective 67 105(1upto 3 ROTEM® sigma ing Fisher exact test (x2) fibrinogen levels: differences for the
sigma deliver observational per patient) vs. Clauss using risher exact test (x-), g. / other parameters;
2019 [14] center) SR and differences between Comparisons not .
comparable fibrinogen - : Numbers of patients
continuous variables tested separated -
results . . with measurements
using the according to the .
. . .o outside the normal
paired t-test or the Wilcoxon sampling time ranees differed
matched-pairs signed rank (ER, OR, ICU) 18€S |
. significantly
test as appropriate.
Correlations between Few patients with
Quantra® QStat system and hyperfibrinolysis;
ROTEM® delta Hyperfibrinolysis Strong correlation
measurements assessed using ~ diagnosed upona  (Pearson coefficient
To assess the Pearson coefficient of ROTEM® EXTEM of correlation: 0.60
ability of the correlation. ML > 15% (no to 0.79) between
Quantra® QStat A simple linear regression comparison with a Quantra® QStat and
Michelson Trauma Trauma (level system to detect Multicenter 1 up to 2 or 3 per Quantra® QStat model fibrinolysis assay); ROTEM® delta
Surg Acute Care one trauma ‘coagulopathy’ prospective 56 at}i)ent (uncle};r) system vs. used to evaluate the linear Analyses not parameters;
Open 2020 [15] centers) (including observational p ROTEM® delta relationship between devices separated Quantra® QStat
hyperfibrinolysis) measurements. according to the system could detect
with a comparison Clinical concordance analysis ~ sampling time (ER ‘coagulopathies’
to ROTEM® performed using a 2 x 2 admission, after associated with

confusion matrix to determine

the administration

critical bleeding in

the agreement between the of blood products trauma patients
Quantra® and ROTEM® clot or antifibrinolytic
lysis parameters. drugs)
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Table 1. Cont.

. . N . N N blood . . Study Conclusion of the
Article Setting Study Objective Design Patients Samplings Comparison Comparison Methods Limitations Study
To compare the AUC-RgC calculate(?l for No concomitant ROTEM®-based
diagnostic ROTEMY delta and sigma .
. - . . measurement of algorithms may be
performances of 74 (first ® devices to detect patients with
® . ROTEM™ delta vs. o VET parameters transposed from a
Bouzat Eur | Trauma (level ROTEM™ delta Retrospective center) ® coagulopathy, maximization of . .
® . . ROTEM™ sigma : with the sigma trauma center to
Trauma Emerg Surg one trauma and ROTEM analysis of two +75 1 per patient the Youden index then used to
. o vs. standard . and the delta another one
2021 [16] centers) sigma for the registries (second determine the best threshold ® . .
di . laboratory results ROTEM™ devices;  independently of the
iagnostic of center) and eventually, the AUROCs R . ..
. . etrospective ROTEM device in
post-traumatic for the two devices compared stud use
‘coagulopathy’ with the De Long test y
Correlations between ROTEM® Wide variation
® .
delta and ROTEM sigma between ROTEM®
measurements assessed using
. - FIBTEM assays
Spearman rank correlation, as Limited number .
. . performed with both
To compare ROTEM® delta vs well as correlations between of patients devices. especiall
Gillissen Scand | ROTEM® delta Prospective 26 (1 up to 3 per ROTEM® siema ’ FIBTEM values of both enrolled; Few in A5,an§ AL0 Y
Clin Lab Invest PPH and ROTEM® pec 23 ptosp S1& ROTEM® devices and Clauss patients with
. observational patient) vs. Clauss - . measurements:
2019 [17] sigma o fibrinogen. clinically ®
fibrinogen - Y S ROTEM™-based
measurements Statistical significance of the significant low .
: o O algorithms should
differences between the results  fibrinogen levels
- be based on
from the two devices tested device-specific
with the Wilcoxon signed rank P
reference values
test.
To determine the
diagnostic Correlations between ROTEM®  Few patients with
performances of sigma measurements and clinically
ROTEM® sigma standard laboratory results significant
forlthe dlagnostlcr Prospective ROTEM® sigma assegs‘ed using Pearspn thrombocytop'ema Reliable (%ete?ctlon of
Bell Int | Obstet PPH of ‘coagulopathy observational 501 >1 per patient vs. standard coefficient of correlation and coagulation Clauss fibrinogen
Anesth 2022 [18] and to assess the stud =perp lab ) 4 1t AUC-ROC, sensitivity, factor deficiency; levels < 2(§/ L with
impact of a y aboratory resuits specificity, PPV and NPV Administration of ROTEM™ sigma

ROTEM®-based
algorithm on
transfusion of

blood products

calculated for ROTEM® sigma
device to detect patients with
coagulopathy

tranexamic acid
prior to blood
sampling
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Table 1. Cont.

. . N . N N blood . . Study Conclusion of the
Article Setting Study Objective Design Patients Samplings Comparison Comparison Methods Limitations Study
Sonoclot® vs.
To assess the 2 per patient excessive bleeding Statistical analysis performed o Sonoclot® analysis
usefulness of (after heparin defined as chest using two-way repeated Limited number erformed after CPB
Y Cardiac surgery, ® Prospective - . tube drainage > . . , of patients p .
amada | Anesth - ; Sonoclot® in . administration analysis of variance, Student’s A could predict
elective, with L observational 41 than Py enrolled; Standard
2007 [19] predicting and before 1 t-test, or the x* test as abnormal
CPB stud 2mL-kg™!-h~! laboratory test:
: y . mL-kg . aboratory tests .
postoperative protamine in 1h durine th appropriate between bleeders not performed postoperative
hemorrhage administration) m first rl?:f%er ¢ and non bleeders P bleeding
surgery
To evaluate the Correlation with
ability of the standard laboratory
TEG®, ROTEM® Sonoclot® vs Correlations between results:
® . ® ®
Espinosa BMC . a nd Sonoclot Prospective ROTEM® delta vs. SOHO%Ot , ROTEM" delta and Limited number deemed good (O'%O
. Cardjiac surgery, instruments to ) . ® TEG™ 5000 measurements vs. . to 0.79) for TEG
Anesthesiol 2014 . . observational 35 3 per patient TEG® 5000 vs. of patients ®
elective detect changes in standard laboratory tests and ROTEM
[20] : study standard . enrolled
hemostasis as laboratory tests assessed using Pearson measurements, but
assessed with aboratory coefficient of correlation moderate (0.40 to
standard 0.59) for Sonoclot®
laboratory tests measurements
Student t-test and x? test for
comparison of continuous and
nominal data, as appropriate.
To study repeated ®
Sonoclot® vs. measurements: analysis of Sonoclot
To determine if tandard riance with a Bonferroni Heterogeneous parameters after
. ® . standar variance with a bonierro patient population. heparin reversal
Bischof | Sonoclot® can Prospective laboratory tests vs. correction. .
. . . : . - . . Standard were highly
Cardiothorac Vasc ~ Cardiac surgery predict observational 300 2 per patient chest tube Modelization (linear regression L
. . - . laboratory tests predictive for
Anesth 2015 [21] postoperative study drainage at 4, 8 models, linear mixed effects .
. . not performed postoperative
bleeding and 12 h regression models and random bleedin
postoperatively effects models) to identify 8

predictors of bleeding. Model
then challenged by calculating
the AUC-ROC for patients
identified as bleeders




J. Clin. Med. 2023, 12, 477

6 of 14

Table 1. Cont.

. . N . N N blood . . Study Conclusion of the
Article Setting Study Objective Design Patients Samplings Comparison Comparison Methods Limitations Study
Significant
® correlation between
To evaluate the Quantra™ QPlus system . Few patients with Quantra® Qplus and
correlation ® Op] measurements correlated with . lopathy’: ROTEM® del
between Quantra ™ QPlus corresponding ROTEM® delta a coagulopathy’; eta
Huffmver Anesth Quantra® Prospective system vs. nd standard laborator No excessive parameters as well
Anal Y Cardiac surgery o ® 4 ’1 observational 55 3 per patient ROTEM® delta vs. and standard taboratory bleeding requiring  as with low Clauss
nalg 2016 [22] ROTEM™ delta study standard parameters using Pearson massive fibrinogen levels
measurements coefficient of correlation as . . . !
laboratory tests transfusion during  and ability to detect
and standard well as Spearman rank . .
. the study residual heparin
laboratory tests correlation ;
after cardiac surgery
with CPB
Only TEG® 6s R
(clotting time) of
CKH (kaolin with
heparinase) could be
used during full
TEG® 6s measurements heparinization for
correlated with corresponding CPB. Before and
To compare TEG® TEG® 65 vs ROTEM® delta and standard after CPB both
® . . . . .
Erdoes PloS One Cands 6s, ROTEM™ delta I}Zrospec.tlvel . ROTEM®delta vs. laboratory parameters using lelfted pumber ('ie\'flces showed
2018 [23] ardiac surgery measurements observationa 23 3 per patient standard Spearman rank correlation. of patients similar values for
and standard study laboratory tests AUC-ROC calculated to enrolled maximum clot
laboratory tests y explore the accuracy of MA strength but
CFF and MA CKH for significant

fibrinogen deficiency

differences for the
other parameters.
Good diagnostic
accuracy for
fibrinogen levels
lower than 1.5 g/L.
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Table 1. Cont.

. . N . N N blood . . Study Conclusion of the
Article Setting Study Objective Design Patients Samplings Comparison Comparison Methods Limitations Study
To compare Strong (r value
® Do 0.71-0.90) to very
Quantra®-derived
. strong (r value
coagulation
. 0.91-1.00)
parameters with correlation between
ROTEM® delta, Limited number Quantra® Qplus and
standard Quantra® QPlus Quantra® QPlus system of patients ROTEM®p delta
Baryshnikova J laboratory tests Prospective system vs. measurements correlated with enrolled; Few arameters as well
Y . and platelet pect . ROTEM® deltavs.  corresponding ROTEM® delta patients under paran
Cardiothorac Vasc ~ Cardiac surgery . observational 30 2 per patient as with standard
function assessed standard and standard laboratory platelet P2Y12
Anesth 2019 [24] . . study . , . laboratory results.
with MEA (with a laboratory tests vs. parameters with Pearson’s inhibitors; No ®
. . . Quantra™ Qplus
focus on platelet MEA correlation coefficient. samples during
o PCS parameter
contribution to CPB .
i reflects mainly
clot stiffness—or
platelet count but
strength—PCS,
also platelet
and platelet ADP
reactivity) response to
(MEA)
Sonoclot® measurements
correlated with corresponding
TEG® 6s and standard
laboratory parameters using Limited number o
® Spearman rank correlation. . Sonoclot™ could be
. Sonoclot® vs. R . of patients .
To determine the P . ® Multivariate linear regression . useful to predict the
. .. rospective TEG® 6s vs. enrolled; X
Terada Transfusion Cardiac sureer clinical usefulness observational 50 3 per patient standard analyses performed to evaluate Heteroseneous risks of
2019 [25] sery of TEG® and perp the usefulness of TEG® 6s and . 5 L postoperative
® study laboratory tests vs. ® . patient population; :
Sonoclot Sonoclot® measurements in F . . bleeding and
ew patients with

clinical outcomes *

predicting perioperative total
blood loss, postoperative drain
bleeding volume and the unit
number of platelet
transfusions.

‘coagulopathy’

platelet transfusion
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. . C . . N blood . . Study Conclusion of the
Article Setting Study Objective Design Patients Samplings Comparison Comparison Methods Limitations Study
Large number of
tests with TEG® 6s
interruptec.1 prior Poor concordance
to completion (to oo TEG® 5000
allow for further non-citrated and
Comparison between TEG® testing); Limited TEG® 6s citrated
5000 non-citrated vs. TEG® 6s number of .
. . . results particularly
paired test parameters using functional in patients with
Bland—-Altman plots. fibrinogen | p ,
To evaluate the . - : coagulopathy
interchangeability Lin’s concordance coefficient estimates resulting in a
Wong Anaesth ® Prospective TEG® 5000 to compare agreement between performed with . .
. . between TEG . 2 or 3 per - . - ® possible change in
Intensive Care Cardiac surgery ; observational 99 . non-citrated vs. both devices for measuring the TEG™ 5000 (as
5000 non-citrated patient ® R . . treatment
2020 [26] ® study TEG® 6s citrated same variable. non-heparinase .
results and TEG .. . R recommendation for
. Clinical concordance analysis functional o
6s citrated results . B - . at least 10% of the
performed using McNemar’s fibrinogen testing enrolled patients:
test (paired %2) to determine is not part of the TE G®-}lzase d :
the agreement between both authors’ current aleorithms should
devices. protocol); gbe based on
Comparisons not device-specific
sep.arated reference values
according to the
sampling time
(pre or post CPB)
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Table 1. Cont.

Article Setting Study Objective Design Patli:nts Sljr:;fi(:;s Comparison Comparison Methods Linsl’ittl:l‘tii}(’) ns Condlsl:::ir;()f the
Quantra® Qplus
system could be
used during CPB

and full

heparinization as

Linear regression equations to Quantra® QPlus
determine provisional cartridges contain a

To compare Quantra®-based transfusion heparin inhibitor
Quantra® Qplus thresholds from thresholds of (whereas heparinase

system, TEG 5000 corresponding TEG and has to be added

measurements laboratory tests currently used specifically when

Zohai and standard . Quantra® QPlus (local transfusion protocol). using TEG® 5000).

ghaibe laboratory test Prospective i TEG® Concordance botween Low number of Usi ific TEG®
Anaesthesia Cardiac surgery aboratory 1ests observational 52 3 per patient System vs. ° C%r ance betwee patients with Sing spectiic
2020 [27] and tq es.tabhsh study 5000 vs. standard Quantra® QPlus .parameters coagulopathy 5000-derived
preliminary laboratory tests and corresponding TEG or thresholds Quantra®
transfusion laboratory parameters at their Qplus system
thresholds for equivalent thresholds analyzed showed a high
Quantra® Qplus by 2 x 2 contingency tables. negative predictive
parameters Association of tested value and a low
parameters with blood product positive predictive
use assessed by ROC analysis. value for
transfusion, and
could be of interest
to detect platelet
dysfunction due to
antiplatelet therapy
Strong (r = 0.70-0.89)
correlation between
Correlations between Quantra® QPlus and
Quantra® QPlus system and ROTEM sigma
To compare ROTEM® sigma measurements parameters, but with
Baulig BMC Quantra® QPlus Prospective Quantra® QPlus assessed using Spearman rank Limited number no direct
Anesthesiol Cardiac surgery system and observational 38 2 per patient system vs. correlation. of patients interchangeability

2021 [28] ROTEM® sigma study ROTEM sigma Comgarison between enrolled between the two

measurements Quantra® QPlus system and devices: separate

ROTEM® sigma parameters
using Bland—-Altman plots.

cut-off values need
to be established for
Quantra®-based
algorithms
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Table 1. Cont.

. . R . N N blood . . Stud Conclusion of the
Article Setting Study Objective Design Patients Samplings Comparison Comparison Methods Limi tati}(’) ns Study
Strong (0.60 to 0.79)
correlation between
Quantra® QPlus system Quantra® QPlus and
Zgri;,faa ltlil zrtle;:de measurements were correlated TEG® 5000 .
agreement Quantra® QPlus with corresponding TEG5000 parameters, but with
DeAnda | between Quantra® Prospective svstem vs. TEG® parameters using Pearson’s Limited number no direct
Cardiothorac Vasc ~ Cardiac surgery QPlus system observational 28 3 per patient 58/00 vs. s tlan dard correlation coefficient. of patients interchangeability
Anesth 2021 [29] TEG® 50}60 an é study labora.tor tests The parameters from the enrolled between the two
standard y Quantra® compared with devices: separate
laboratory tests TEG® 5000, using weighted cut-off values need
Deming regression analysis to be established for
Quantra®-based
algorithms
Some correlation
between TXA
plasma levels and
ClotPro® t-PA test
ClotPro® t-PA test TXA dosing was results, with a
To evaluate the vs. standard at the upper limit marked
correlation laboratory tests vs. Correlations between VHA of the dose interindividual
Kammerer between ClotPro® Prospective UHPLC-MS/MS R d TXA ol recommendation variability of TXA
Transfus Med Cardiac surgery  tPA test (challenge observational 25 7 per patient for TXA plasma paralme lers an d prasma (50 mg/kg BW); effects using the
Hemother 2021 [30] of clotting blood study levels vs. PAI-1 S e::r;zsrf,es SCSSrréllzltrilc%n No comparison ClotPro® t-PA test
to added tPA) and antigen and P with a functional related to patients’
TXA plasma levels activity levels and assay for renal function: the
t-PA antigen levels fibrinolysis ClotPro® t-PA test

could be of interest
for individualized
dose adjustments of
TXA
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Table 1. Cont.

. . N . N N blood . . Study Conclusion of the
Article Setting Study Objective Design Patients Samplings Comparison Comparison Methods Limitations Study
FIBTEM/EXTEM
clotting time ratio >
To evaluate the Sensitivity, specificity, PPV and 1.0 in addition to
diagnostic NPV of FIBTEM A5 < 6 mm standard FIBTEM
performance of . ® . and A10 < 8 mm with and Few patients with amplitude criteria
. ® . Prospective ROTEM™ sigma . o S
Preuss Anaesthesia Cardiac surcer ROTEM™ sigma observational 120 1 per patient cl without the criteria of a low fibrinogen (A5 <6 mmor A10
2022 [31] gery for the stud perp ;’Z —auss FIBTEM/EXTEM clotting time levels of clinical < 8 mm) might
identification of y tbrmogen ratio > 1.0 assessed for the significance improve ROTEM
low fibrinogen identification of laboratory diagnostic accuracy
levels fibrinogen < 1.5 g.L 1 for identification of
low fibrinogen
levels
Correlations between Low to moderate
Sonoclot® parameters and D-dimer levelsas  correlation between
standard laboratory tests marker of Sonoclot®
To evaluate the X , .
- . ® assessed using Pearson’s potential parameters and
g . reliability of Prospective Sonoclot® vs. . o .
Bindi Minerva Liver ® ; 51 . correlation hyperfibrinolysis standard laboratory
. . Sonoclot® to observational : 3 per patient standard o . ®
Anestesiol 2001 [32]  transplantation . patients Ability to detect (no comparison tests. Sonoclot
monitor study laboratory tests dvsfibri . . . -
h . ysfibrinogenemia and with a functional could be of interest
emostasis - . " . . .
hyperfibrinolysis conditions assay for to identify patients
assessed using Pearson x? or fibrinolysis) with suspected
Fisher test, as appropriate hyperfibrinolysis
. TO evaluate Comparison between TEG®
clinical agreement ' . Results are not
- 5000 citrated and non-citrated ~ Small monocenter .
and correlation TEG® 6s paired test studv: interchangeable as
between thrombe- . TEG® 5000 vs- S paired tes s there is often
Robson Anaesth . . Prospective . parameters using Comparisons not D
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Intensive Care . observational 10 6 per patient - Bland—-Altman plots. separated .
transplantation parameters non-citrated vs. . - . . disagreement,
2019 [33] . . study ® Lin’s concordance coefficient according to liver . .
obtained with TEG® 6s . particularly with
® to compare agreement between transplantation .
TEG® 6s and . results outside the
® the three assays for measuring phase
TEG™ 5000 . normal ranges
devices the same variable.

Studies are ranked by settings and year of publication. Analyses were performed with citrated blood samples, unless otherwise specified. Quantra QStat system differs from Quantra
QPlus system by exploring fibrinolysis based on the effect of added tranexamic acid. Clinical outcomes (*) in study ref#17 were postoperative drain bleeding volume, number of platelet
transfusions and calculated perioperative total blood loss. Of note, it is debatable to use D-dimer levels as a marker of hyperfibrinolysis (study ref#24). AUC-ROC: area under the
curve—receiver operating characteristics; BW: body weight; Clauss fibrinogen: clottable fibrinogen upon exogenous thrombin addition; CPB: cardiopulmonary bypass; ER: emergency
room; ICU: intensive care unit; MEA: multiple electrode aggregometry; ML: maximum lysis; NA: not applicable; NPV: negative predictive value; OR: operating room; PCS: platelet
contribution to clot stiffness; PPH: postpartum hemorrhage; PPV: positive predictive value; tPA: tissue plasminogen activator; TXA: tranexamic acid.
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Overall, the studies often pointed to imperfect agreements, often only moderate,
particularly when results were outside the normal ranges; thus, the devices were often
deemed not interchangeable. Each device and/or clinical setting needs their own cut-off
values and algorithms. It would have been more relevant to analyze the number of cases
with such a disagreement that the clinical decision would have been affected based on
algorithms with cut-off values. A better agreement is expected between devices of the same
brand, or between devices relying on the old ‘cup-and-pin’ system. It should be pointed
out that the conclusions of the two studies that compared the two ROTEM® devices delta
and sigma—one in trauma [15], one in PPH [16]—out of the six studies with ROTEM®
sigma, substantially differed: there was agreement that ROTEM®-based algorithms may
be transposed from a trauma center to another for the former [15], whereas for the latter,
ROTEM®-based algorithms should be based on device-specific reference values [16].

Of note, only a few studies [19,21,25,27], often with a limited number of patients
enrolled, used a clinical outcome in terms of bleeding, transfusion needs, or survival.
Randomized controlled trials are still needed to confirm the clinical utility of the new
devices. Moreover, none of these studies compared VHA results with conventional labora-
tory assays obtained through a rapid tests panel. Indeed, clinically relevant and reliable
results suitable for acute patient care can be obtained in 20 min through a specific and
dedicated laboratory process [34,35]. Owing to the importance ascribed to rapid fibrinogen
assessment, the most important point to be checked before implementing a new device
is the comparison with values obtained either in the laboratory (Clauss method) and/or
the hitherto used VHA device, depending on the local environment. In this regard, such
testing could also be of interest to monitor fibrinogen supplementation in patients with
inherited fibrinogen disorders.

Another important aspect regards whether internal quality control is provided.

A noticeable asset of TEG® 6s and Quantra® devices, as well as of ClotPro® (Haemo-
netics Corporation, Boston, MA, USA) and ROTEM® sigma ones, is that they are fully
automated, thus making their use very convenient by eliminating pipetting stages. On the
other hand, research protocols to investigate what is at stake during normal and disordered
changes in viscoelastic properties of a clotting blood sample are rendered more difficult,
or even impossible to conduct, since it is no longer possible to vary the experimental
conditions for clotting.

As discussed by the authors, VHAs present some limitations. Besides the lack of
consideration of the plasma inhibitors of coagulation and of the endothelial components
of the hemostatic system (collagen, thrombomodulin, and so forth) [36], one must keep
in mind that VHAs lack sensitivity towards hyperfibrinolysis [10-12], which is a major
concern in trauma, liver transplantation, cardiac surgery and post-partum hemorrhage.
Moreover, the ability of those devices to fully assess platelet function is questionable (in
particular, the pre-operative estimation of the residual effect of anti-platelet therapy), even
with the sophisticated TEG® Platelet Mapping approach [37].

The authors devote a large part of the discussion to the COVID-19-related so-called ‘co-
agulopathy’ (it should in fact be named disordered hemostasis, since all its components are
affected). Indeed, severe COVID-19 patients can exhibit both thrombotic and hemorrhagic
complications. If VHAs contributed to the study of this ‘coagulopathy’ to some extent
(keeping in mind that VHA assays are very sensitive to high fibrinogen plasma levels), that
they helped manage is in our opinion an overstatement [38]. Overall, to the best of our
knowledge, no firm evidence currently exists about the diagnostic and treatment of what
can be considered hypercoagulability with any VHA.

Lastly, the assessment of anticoagulant drugs is mostly restricted to the gross appre-
ciation of residual heparinization post cardiopulmonary bypass cardiac surgery, apart
from the dedicated cartridges for direct oral anticoagulants supplied with the ClotPro®
device [39].

To conclude, clinical evidence of the utility of VHAs largely remains to be proven
through randomized clinical trials, with clinically relevant outcomes, and compared to
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rapid panel hemostasis testing. The availability of new, improved VHA devices provides
an impetus and an opportunity to do so, at last.

Author Contributions: M.B., T.L., EM. and S.R.; writing—original draft preparation; M.B., T.L., EM.
and S.R.; writing—review and editing; T.L., EM. and S.R.; supervision. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.
14.

15.

16.

17.

18.

Volod, O.; Bunch, C.M.; Zackariya, N.; Moore, E.E.; Moore, H.B.; Kwaan, H.C.; Neal, M.D.; Al-Fadhl, M.D,; Patel, S.S.; Wiarda, G.;
et al. Viscoelastic Hemostatic Assays: A Primer on Legacy and New Generation Devices. J. Clin. Med. 2022, 11, 860. [CrossRef]
Simurda, T.; Asselta, R.; Zolkova, J.; Brunclikova, M.; Dobrotova, M.; Kolkova, Z.; Loderer, D.; Skornova, I.; Hudecek, J.; Lasabova,
Z.; et al. Congenital Afibrinogenemia and Hypofibrinogenemia: Laboratory and Genetic Testing in Rare Bleeding Disorders with
Life-Threatening Clinical Manifestations and Challenging Management. Diagnostics 2021, 11, 2140. [CrossRef]

Simurda, T.; Casini, A.; Stasko, J.; Hudecek, J.; Skornova, I.; Vilar, R.; Neerman-Arbez, M.; Kubisz, P. Perioperative Management
of a Severe Congenital Hypofibrinogenemia with Thrombotic Phenotype. Thromb. Res. 2020, 188, 1-4. [CrossRef]

Wikkelsg, A.; Wetterslev, J.; Moller, A.M.; Afshari, A. Thromboelastography (TEG) or Thromboelastometry (ROTEM) to Monitor
Haemostatic Treatment versus Usual Care in Adults or Children with Bleeding. Cochrane Database Syst. Rev. 2016, 8§, CD007871.
[CrossRef]

Levi, M.; Hunt, B.J. A Critical Appraisal of Point-of-Care Coagulation Testing in Critically Ill Patients. J. Thromb. Haemost. 2015,
13, 1960-1967. [CrossRef]

Li, C.; Zhao, Q.; Yang, K,; Jiang, L.; Yu, J. Thromboelastography or Rotational Thromboelastometry for Bleeding Management in
Adults Undergoing Cardiac Surgery: A Systematic Review with Meta-Analysis and Trial Sequential Analysis. J. Thorac. Dis. 2019,
11,1170-1181. [CrossRef]

Meco, M.; Montisci, A.; Giustiniano, E.; Greco, M.; Pappalardo, F; Mammana, L.; Panisi, P.; Roscitano, C.; Cirri, S.; Donatelli, F,;
et al. Viscoelastic Blood Tests Use in Adult Cardiac Surgery: Meta-Analysis, Meta-Regression, and Trial Sequential Analysis. J.
Cardiothorac. Vasc. Anesth. 2020, 34, 119-127. [CrossRef]

Gonzalez, E.; Moore, E.E.; Moore, H.B.; Chapman, M.P,; Chin, T.L.; Ghasabyan, A.; Wohlauer, M.V.; Barnett, C.C.; Bensard, D.D.;
Biffl, W.L.; et al. Goal-Directed Hemostatic Resuscitation of Trauma-Induced Coagulopathy: A Pragmatic Randomized Clinical
Trial Comparing a Viscoelastic Assay to Conventional Coagulation Assays. Ann. Surg. 2016, 263, 1051-1059. [CrossRef]
Roullet, S.; de Maistre, E.; Ickx, B.; Blais, N.; Susen, S.; Faraoni, D.; Garrigue, D.; Bonhomme, F.; Godier, A.; Lasne, D.; et al.
Position of the French Working Group on Perioperative Haemostasis (GIHP) on Viscoelastic Tests: What Role for Which Indication
in Bleeding Situations? Anaesth. Crit. Care Pain Med. 2019, 38, 539-548. [CrossRef]

Roullet, S.; Freyburger, G.; Cruc, M.; Quinart, A.; Stecken, L.; Audy, M.; Chiche, L.; Sztark, F. Management of Bleeding and
Transfusion during Liver Transplantation before and after the Introduction of a Rotational Thromboelastometry-Based Algorithm.
Liver Transpl. 2015, 21, 169-179. [CrossRef]

Roullet, S.; Labrouche, S.; Mouton, C.; Quinart, A.; Nouette-Gaulain, K.; Laurent, C.; Freyburger, G. Lysis Timer: A New Sensitive
Tool to Diagnose Hyperfibrinolysis in Liver Transplantation. ]. Clin. Pathol. 2019, 72, 58-65. [CrossRef]

Raza, I.; Davenport, R.; Rourke, C.; Platton, S.; Manson, J.; Spoors, C.; Khan, S.; De’ATH, H.D.; Allard, S.; Hart, D.P; et al. The
Incidence and Magnitude of Fibrinolytic Activation in Trauma Patients: Fibrinolytic Activation in Trauma Patients. |. Thromb.
Haemost. 2013, 11, 307-314. [CrossRef]

Hett, D.A.; Walker, D.; Pilkington, S.N.; Smith, D.C. Sonoclot Analysis. Br. J. Anaesth. 1995, 75, 771-776. [CrossRef]

Ziegler, B.; Voelckel, W.; Zipperle, J.; Grottke, O.; Schochl, H. Comparison between the New Fully Automated Viscoelastic
Coagulation Analysers TEG 6s and ROTEM Sigma in Trauma Patients: A Prospective Observational Study. Eur. ]. Anaesthesiol.
2019, 36, 834-842. [CrossRef]

Michelson, E.A.; Cripps, M.W.,; Ray, B.; Winegar, D.A.; Viola, F. Initial Clinical Experience with the Quantra QStat System in Adult
Trauma Patients. Trauma Surg. Acute Care Open 2020, 5, €000581. [CrossRef]

Bouzat, P.; Guerin, R.; Boussat, B.; Nicolas, J.; Lambert, A.; Greze, J.; Maegele, M.; David, J.-S. Diagnostic Performance of
Thromboelastometry in Trauma-Induced Coagulopathy: A Comparison between Two Level I Trauma Centres Using Two
Different Devices. Eur. J. Trauma Emerg. Surg. 2021, 47, 343-351. [CrossRef]

Gillissen, A.; van den Akker, T.; Caram-Deelder, C.; Henriquez, D.D.C.A.; Bloemenkamp, K. W.M.; Eikenboom, J.; van der Bom,
J.G.; de Maat, M.P.M. Comparison of Thromboelastometry by ROTEM ® Delta and ROTEM @ Sigma in Women with Postpartum
Haemorrhage. Scand. |. Clin. Lab. Investig. 2019, 79, 32-38. [CrossRef]

Bell, S.F; Roberts, T.C.D.; Freyer Martins Pereira, J.; De Lloyd, L.; Amir, Z.; James, D.; Jenkins, P.V.; Collis, R.E.; Collins, PW. The
Sensitivity and Specificity of Rotational Thromboelastometry (ROTEM) to Detect Coagulopathy during Moderate and Severe
Postpartum Haemorrhage: A Prospective Observational Study. Int. J. Obstet. Anesth. 2022, 49, 103238. [CrossRef]


http://doi.org/10.3390/jcm11030860
http://doi.org/10.3390/diagnostics11112140
http://doi.org/10.1016/j.thromres.2020.01.024
http://doi.org/10.1002/14651858.CD007871.pub3
http://doi.org/10.1111/jth.13126
http://doi.org/10.21037/jtd.2019.04.39
http://doi.org/10.1053/j.jvca.2019.06.030
http://doi.org/10.1097/SLA.0000000000001608
http://doi.org/10.1016/j.accpm.2017.12.014
http://doi.org/10.1002/lt.24030
http://doi.org/10.1136/jclinpath-2018-205280
http://doi.org/10.1111/jth.12078
http://doi.org/10.1093/bja/75.6.771
http://doi.org/10.1097/EJA.0000000000001032
http://doi.org/10.1136/tsaco-2020-000581
http://doi.org/10.1007/s00068-019-01165-7
http://doi.org/10.1080/00365513.2019.1571220
http://doi.org/10.1016/j.ijoa.2021.103238

. Clin. Med. 2023, 12, 477 14 of 14
J

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.
38.

39.

Yamada, T.; Katori, N.; Tanaka, K.A.; Takeda, J. Impact of Sonoclot Hemostasis Analysis after Cardiopulmonary Bypass on
Postoperative Hemorrhage in Cardiac Surgery. J. Anesth. 2007, 21, 148-152. [CrossRef]

Espinosa, A.; Stenseth, R.; Videm, V.; Pleym, H. Comparison of Three Point-of-Care Testing Devices to Detect Hemostatic Changes
in Adult Elective Cardiac Surgery: A Prospective Observational Study. BMC Anesthesiol. 2014, 14, 80. [CrossRef]

Bischof, D.B.; Ganter, M.T.; Shore-Lesserson, L.; Hartnack, S.; Klaghofer, R.; Graves, K.; Genoni, M.; Hofer, C.K. Viscoelastic
Blood Coagulation Measurement With Sonoclot Predicts Postoperative Bleeding in Cardiac Surgery After Heparin Reversal. |.
Cardiothorac. Vasc. Anesth. 2015, 29, 715-722. [CrossRef]

Huffmyer, ].L.; Fernandez, L.G.; Haghighian, C.; Terkawi, A.S.; Groves, D.S. Comparison of SEER Sonorheometry With Rotational
Thromboelastometry and Laboratory Parameters in Cardiac Surgery. Anesth. Analg. 2016, 123, 1390-1399. [CrossRef] [PubMed]
Erdoes, G.; Schloer, H.; Eberle, B.; Nagler, M. Next Generation Viscoelasticity Assays in Cardiothoracic Surgery: Feasibility of the
TEG6s System. PLoS ONE 2018, 13, €0209360. [CrossRef] [PubMed]

Baryshnikova, E.; Di Dedda, U.; Ranucci, M. A Comparative Study of SEER Sonorheometry Versus Standard Coagulation Tests,
Rotational Thromboelastometry, and Multiple Electrode Aggregometry in Cardiac Surgery. J. Cardiothorac. Vasc. Anesth. 2019, 33,
1590-1598. [CrossRef] [PubMed]

Terada, R.; Ikeda, T.; Mori, Y.; Yamazaki, S.; Kashiwabara, K.; Yamauchi, H.; Ono, M.; Yamada, Y.; Okazaki, H. Comparison
of Two Point of Care Whole Blood Coagulation Analysis Devices and Conventional Coagulation Tests as a Predicting Tool
of Perioperative Bleeding in Adult Cardiac Surgery—A Pilot Prospective Observational Study in Japan. Transfusion 2019, 59,
3525-3535. [CrossRef]

Wong, Q.; Byrne, K.P,; Robinson, S.C. Clinical Agreement and Interchangeability of TEG5000 and TEG6s during Cardiac Surgery.
Anaesth. Intensive Care 2020, 48, 43-52. [CrossRef]

Zghaibe, W.; Scheuermann, S.; Munting, K.; Blaudszun, G.; Besser, M.; Ortmann, E.; Klein, A.A. Clinical Utility of the Quantra®
Point-of-care Haemostasis Analyser during Urgent Cardiac Surgery. Anaesthesia 2020, 75, 366-373. [CrossRef]

Baulig, W.; Akbas, S.; Schiitt, PX.; Keul, W.; Jovic, M.; Berdat, P.; von Felten, S.; Steigmiller, K.; Ganter, M.T.; Theusinger, O.M.
Comparison of the Resonance Sonorheometry Based Quantra® System with Rotational Thromboelastometry ROTEM® Sigma in
Cardiac Surgery—A Prospective Observational Study. BMC Anesthesiol. 2021, 21, 260. [CrossRef]

DeAnda, A.; Levy, G.; Kinsky, M.; Sanjoto, P.; Garcia, M.; Avandsalehi, K.R.; Diaz, G.; Yates, S.G. Comparison of the Quantra
QPlus System With Thromboelastography in Cardiac Surgery. J. Cardiothorac. Vasc. Anesth. 2021, 35, 1030-1036. [CrossRef]
Kammerer, T.; Groene, P; Sappel, S.R.; Peterss, S.; Sa, P.A_; Saller, T.; Giebl, A.; Scheiermann, P.; Hagl, C.; Schifer, S.T. Functional
Testing for Tranexamic Acid Duration of Action Using Modified Viscoelastometry. Transfus. Med. Hemother. 2021, 48, 109-117.
[CrossRef]

Preuss, ].F; Matzelle, S.A.; Weightman, W.M.; Gibbs, N.M. The Influence of FIBTEM and EXTEM Clotting Times on the
Diagnostic Accuracy of ROTEM® Sigma Identification of Hypofibrinogenaemia during Cardiac Surgery. Anaesthesia 2022, 77,
829-830. [CrossRef]

Bindi, M.L.; Biancofiore, G.D.; Consani, G.; Cellai, F.; Cecconi, N.; Romanelli, A.; Filipponi, F.; Mosca, F.; Amorese, G.; Vagelli, A.
Blood coagulation monitoring during liver transplantation: Sonoclot analysis and laboratory tests. Minerva Anestesiol. 2001, 67,
359-369.

Robson, ].L.; D] Watts, A.; McCulloch, T.J.; Paleologos, M.S.; Mortimer, R.A.; Kam, P.C. Correlation and Agreement between the
TEG® 5000 and the TEG® 6s during Liver Transplant Surgery. Anaesth. Intensive Care 2019, 47, 32-39. [CrossRef]

Chandler, W.L. Emergency Assessment of Hemostasis in the Bleeding Patient. Int. |. Lab. Hematol. 2013, 35, 339-343. [CrossRef]
Chandler, W.L.; Ferrell, C.; Trimble, S.; Moody, S. Development of a Rapid Emergency Hemorrhage Panel. Transfusion 2010, 50,
2547-2552. [CrossRef]

Zipperle, J.; Schlimp, C.J.; Holnthoner, W.; Husa, A.M.; Nurnberger, S.; Redl, H.; Schochl, H. A Novel Coagulation Assay
Incorporating Adherent Endothelial Cells in Thromboelastometry. Thromb. Haemost. 2013, 109, 869-877. [CrossRef]

Ranucci, M.; Baryshnikova, E. Sensitivity of Viscoelastic Tests to Platelet Function. J. Clin. Med. 2020, 9, 189. [CrossRef]

Bareille, M.; Hardy, M.; Douxfils, J.; Roullet, S.; Lasne, D.; Levy, ] H.; Stépanian, A.; Susen, S.; Frére, C.; Lecompte, T.; et al.
Viscoelastometric Testing to Assess Hemostasis of COVID-19: A Systematic Review. . Clin. Med. 2021, 10, 1740. [CrossRef]
Groene, P.; Wagner, D.; Kammerer, T.; Kellert, L.; Giebl, A.; Massberg, S.; Schifer, S.T. Viscoelastometry for Detecting Oral
Anticoagulants. Thrombosis. J. 2021, 19, 18. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1007/s00540-006-0477-7
http://doi.org/10.1186/1471-2253-14-80
http://doi.org/10.1053/j.jvca.2015.01.015
http://doi.org/10.1213/ANE.0000000000001507
http://www.ncbi.nlm.nih.gov/pubmed/27749339
http://doi.org/10.1371/journal.pone.0209360
http://www.ncbi.nlm.nih.gov/pubmed/30571781
http://doi.org/10.1053/j.jvca.2019.01.011
http://www.ncbi.nlm.nih.gov/pubmed/30737122
http://doi.org/10.1111/trf.15523
http://doi.org/10.1177/0310057X19897657
http://doi.org/10.1111/anae.14942
http://doi.org/10.1186/s12871-021-01469-5
http://doi.org/10.1053/j.jvca.2020.11.058
http://doi.org/10.1159/000511230
http://doi.org/10.1111/anae.15735
http://doi.org/10.1177/0310057X18811731
http://doi.org/10.1111/ijlh.12071
http://doi.org/10.1111/j.1537-2995.2010.02753.x
http://doi.org/10.1160/TH12-10-0767
http://doi.org/10.3390/jcm9010189
http://doi.org/10.3390/jcm10081740
http://doi.org/10.1186/s12959-021-00267-w

	References

