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Abstract: Background: There is no consensus in the literature on the superiority be-
tween viscoelastic haemostatic assay (VHA) devices and several authors have per-
formed meta-analyzes including them within the same group, assuming that their
effects are similar. Objective: The objective of this study is to compare the efficacy
of the protocols guided by rotational thromboelastometry with the protocols guided
by thromboelastography for the control of the coagulation on patients undergoing
surgical procedures. Methods: An indirect meta-analysis was conducted under a
frequentist approach. Weights were calculated using the inverse variance method
and adjusted using the DerSimonian and Laird random effects model. The measure
of association used was the Odds Ratio (OR). All analyzes were performed in R.
Results: No significant difference was observed between ROTEM® and TEG® in the
indirect meta-analysis for the outcomes mortality (OR=0.6482, 95%CI|=0.2213-
1.8984), acute kidney injury (OR=0.5282, 95%Cl=0.0858-3.2522), thrombo-
embolic events (OR=0.2759, 95%CI=0.0051-14.9529), reoperation for bleeding
(OR=1.0719, 95%CI=0.3589-3.2013), risk of RBC transfusion (OR=1.0044,
95%Cl=0.5346 to 1.8872), FFP (OR=0.6964, 95%Cl=0.1258-3.8554), or
platelets (OR=1.1956, 95%Cl=0.4524 to 3.1597), or volume of RBC transfu-
sion (MD=-0.0847, 95%CI=-3.6879 to 3.5185). Conclusion: No difference was
observed between thromboelastography and rotational thromboelastometry in any
of the outcomes included. This result suggest that they might be combined into
a single meta-analysis. Nevertheless, there is much imprecision in the data for a
robust conclusion.

Keywords: Blood Coagulation, Blood Coagulation Tests, General Surgery, Thrombe-
lastography, Review.

Introducao

N&do ha consenso na literatura sobre a superioridade entre dispositivos utilizados
para realizer testes viscoelasticos (TVE) e varios autores realizaram metanalises
incluindo-os dentro do mesmo grupo, assumindo que seus efeitos sao semelhantes.
Resumo: Objetivo: O objetivo deste estudo é comparar a eficacia dos protoco-
los guiados por tromboelastometria rotacional com os protocolos guiados por
tromboelastografia para o controle da coagulagdo em pacientes submetidos a
procedimentos cirlrgicos. Métodos: Uma meta-andlise indireta foi conduzida
sob uma abordagem frequentista. Os pesos foram calculados usando o método
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da variancia inversa e ajustados pelo modelo de efeitos aleatdérios DerSimonian
e Laird. A medida de associacao utilizada foi o Odds Ratio (OR). Todas as anéa-
lises foram realizadas em R. Resultados: Nao foi observada diferenca significa-
tiva entre a tromboelastometria rotacional e a tromboelastografia na metanalise
indireta para os desfechos mortalidade (OR=0,6482, 1C95%=0,2213-1,8984),
lesao renal aguda (OR=0,5282, 1C95%=0,0858-3,2522), eventos tromboem-
bélicos (OR=0,2759, 1C95%=0,0051-14,9529), reoperacdo por sangramen-
to (OR=1,0719, 1C95%=0,3589-3,2013), risco de transfusao de heméacias
(OR=1,0044, 1C95%=0,5346 a 1,8872), FFP (OR=0,6964, IC95%=0,1258-
3,8554) ou plaquetas (OR=1,1956, IC95%=0,4524 a 3,1597) ou volume de
transfusao de hemécias (MD=-0,0847, IC95%=-3,6879 a 3,5185). Conclusao:
Nao foi observada diferenca entre a tromboelastografia e a tromboelastometria rota-
cional em nenhum dos desfechos incluidos. Este resultado sugere que eles podem
ser combinados em uma Unica metanalise. No entanto, ha muita imprecisao nos
dados para uma conclusao robusta.

Palavras-chave: Coagulagdo Sanguinea, Testes de Coagulacdo Sanguinea, Cirurgia

Geral, Trombelastografia, Revisao.

Introduction

Hemorrhage is a major concern in patients un-
dergoing surgery that, if not properly treated, may
cause disastrous outcomes for patients [1,2]such as
overall mortality and bleeding events, conducted
subgroup and sensitivity analyses, examined the role
of bias, and applied trial sequential analyses (TSAs.
Bleeding control is achieved through surgical hemo-
stasis and transfusion of blood products and blood
components. These transfusions can be driven by
algorithms based on clinical decisions associated
or not to standard laboratory tests (SLTs) or visco-
elastic haemostatic assays (VHAs) [1,3]749 of them
included in 7 randomized controlled trials (RCTs.
The fast and comprehensive results made the VHAs
popular for monitoring the coagulation in patients
undergoing cardiac surgery, liver transplantation
and obstetric procedures [4]. They can distinguish
between major coagulopathies, such as thrombocy-
topenia, deficiency of coagulation factors, heparin
effect, hypofibrinogenemia, and hyperfibrinolysis,
and guide a targeted, individualized and timely in-
tervention [5,6]. Despite that, many health services
still use a protocol based on clinical decision and/or
SLT. These SLTs can take up to 45 to 60 minutes to
be available and this delay in the management of co-

agulopathies diminishes their usefulness in urgent
settings [1,2,5-10]thromboelastography or rota-
tional thromboelastometry in bleeding patients. We
searched for randomised, controlled trials irrespec-
tive of publication status, publication date, blinding
status, outcomes published or language from date
of inception to 5 January 2016 in six bibliographic
databases. We included 17 trials (1493 participants.
Two different VHAs are most commonly cited
in the medical literature. These are the rotational
thromboelastometry (ROTEM®) and thromboelas-
tography (TEG®). It has been argued that the use
of VHASs near the patient, can improve the response
time up to 15 to 20 minutes [2,11]JEMBASE (Ovid.
Some very recent reviews showed divergent results
for the technologies and raised questions about the
efficacy of the VHAs in terms of final outcomes
[1,2,12,13]such as overall mortality and bleeding
events, conducted subgroup and sensitivity analy-
ses, examined the role of bias, and applied trial se-
quential analyses (TSAs. In face of this conundrum,
our team conducted a comprehensive systematic re-
view and found that VHAs improve mortality rates
(RR=0.64, 95%CI=0.43-0.96, p-value=0.03; I>°=0%,
p-value=0.52; 10 studies, 888 patients), risk of acute
kidney injury (RR=0.53, 95%CI=0.34-0.83, p-val-
ue=0.005; I’=0%, p-value=0.43; five studies, 449
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individuals), risk of red blood cell (RBC) (RR=0.91,
95%CI=0.85-0,97, p-value=0.004; I*=0%, p-val-
ue=0.48; 12 studies, 937 patients), platelets
(RR=0.68, 95%CI=0.52-0.90, p-value=0.007;
I=40%, p-value=0.07; 13 studies, 997 patients) and
fresh frozen plasma (FFP) transfusion (RR=0.44,
95%CI=0.25-0.78, p-value=0.005; I?’=87%, p-val-
ue<0.001; 11 studies, 926 patients) [14,15]. These
results are not only statistically significant but also
clinically relevant. There also seems to be a bigger
advantage for patients with coagulation problems
and high-risk of bleeding [15]. Other systematic re-
views also showed this advantage in terms of trans-
fusion of blood products and components and acute
kidney injury [1,2,7,12,13,16]such as overall mor-
tality and bleeding events, conducted subgroup and
sensitivity analyses, examined the role of bias, and
applied trial sequential analyses (TSAs, but only
one had shown the advantage in terms of mortali-
ty [1,7]thromboelastography or rotational throm-
boelastometry in bleeding patients. We searched for
randomised, controlled trials irrespective of publi-
cation status, publication date, blinding status, out-
comes published or language from date of inception
to 5 January 2016 in six bibliographic databases. We
included 17 trials (1493 participants.

Another issue is that there is no consensus in
the literature on the superiority between rotational
thromboelastometry and thromboelastography, so
most reviews included both within a generic VHA
category [1,2,7,12-14,16]such as overall mortality
and bleeding events, conducted subgroup and sen-
sitivity analyses, examined the role of bias, and ap-
plied trial sequential analyses (TSAs. The objective
of this study is to compare the efficacy of the proto-
cols guided by rotational thromboelastometry with
the protocols guided by thromboelastography for
the control of the coagulation on patients undergo-
ing surgical procedures.

Methods

This is a post hoc analysis of the data collected
by Santos et al. [14]. The complete information on
the search strategy, selection process and data col-
lection can be found elsewhere [14]. In this study,
an indirect meta-analysis was conducted with data
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from randomized controlled trials (RCTs) to com-
pare protocols guided by thromboelastography and
rotational thromboelastometry for the control of
coagulation in patients undergoing surgical pro-
cedures. This report followed the principles of the
PRISMA Extension Statement for Reporting of Syste-
matic Reviews Incorporating Network Meta-analyses of
Health Care Interventions [17].

Interventions

The rotational thromboelastometry system (RO-
TEM®, TEM International GmbH, Munich, Germa-
ny) is based on the thromboelastography technique
(TEG®) that was first described in 1948 to inves-
tigate the processes of coagulation of unchanged
whole blood, through a representation graph of the
fibrin polymerization process [18-21]. In 1996, the
term thromboelastography (TEG®) was registered
by Haemoscope Corporation and has been used to
describe the test developed by this company[19,21].
Thus, the previous ROTEG®, rotational throm-
boelastography, was renamed ROTEM®, rotation-
al thromboelastometry. With ROTEM®, the signal
from the pin suspended in the blood is transmitted
by an optical detection system, and not by a torsion
cable, and the movement is performed by the pin,
not by the cuvette as occurs in TEG® [21-25].

Outcomes

The primary outcomes evaluated were mortality
at the longest follow-up, acute kidney injury (AKI),
thrombotic events, and reoperation for bleeding. Se-
condary outcomes include the risk of transfusion of
RBC, FFP and platelets. The volume of RBC trans-
fused was also included, but as a less reliable out-
come in face of the important heterogeneity in the
data.

Data analysis

A network meta-analysis was conducted using a
frequentist approach. The weights were calculated
by the inverse variance method and adjusted by the
DerSimonian and Laird random effects model. Sin-
ce we used inverse variance to calculate the weights,
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when the heterogeneity is null, the result of the ran-
dom-effects and fixed-effects model are equal. The
data was presented as Odds Ratios (ORs) with con-
fidence intervals of 95% (IC95%). All analyzes were
conducted in R [26] with the netmeta package [27].
All the results, analyzes, and scripts used in this stu-
dy are available at Supplementary Materials. The
original data is available upon request.

Results

In total, 21 publications, referring to 21 studies,
were included in the final analysis [14]. The study
selection flowchart is available in Santos et al. [14]
with the description of the included studies. Eleven
studies used thromboelastography [4,28,37,29-36]
we aimed to test the role of a routine thromboelas-
tography (TEG and ten used rotational thromboe-
lastometry [38—-47]we evaluated effects of throm-
boelastometrically guided algorithm on transfusion
requirements. METHODS: Fifty-six consecutive
patients (25 with acute type A dissection as the
VHA device. No statistical difference was obser-
ved between rotational thromboelastography and
thromboelastometry in the indirect meta-analysis
for mortality (OR=0.6482, 1C95%=0.2213-1.8984),
acute kidney injury (OR=0.5282, 1C95%=0.0858-
3.2522), thromboembolic (OR=0.2759,
1C95%=0.0051-14.9529), reoperation for blee-
ding (OR=1.0719, 1C95%=0.3589-3.2013), risk of
transfusion of RBC (OR=1.0044, 1C95%=0.5346 a
1.8872), FFP (OR=0.6964, IC95%=0.1258-3.8554),
platelets (OR=1.1956, IC95%=0.4524 a 3.1597),
or the volume of RBCs tranfused (MD=-0.0847,
1C95%=-3.6879 a 3.5185). The complete presen-
tation of the results is available at Supplementary
Materials.

events

Discussion

No difference was found between rotational
thromboelastometry and thromboelastography in
any of the outcomes included in the analysis. The-
refore, there is no reason to believe that the type of
equipment used as VHA acts as a modifier of effect.
This result suggests that they are similar enough to
be analyzed together as a single group in a meta-a-

nalysis. There is much imprecision in the data due
to the relatively small number of studies and partici-
pants. This imprecision was particularly important
for the assessment of acute kidney injury, throm-
boembolic events, and volume of RBC transfusion.
No inconsistency was found in the data, but since
the comparison was between two interventions and
a single comparator, it was not expected anyway.
The multiplicities of protocols used to guide trans-
fusion and the population might help explain some
of the heterogeneity, but it is not the only important
modifier. Without the individual data, it is not pos-
sible to estimate the impact of most modifiers in the
final analysis. Nevertheless, the protocols guided by
VHASs seem to provide better outcomes than proto-
cols guided by SOC, independently of their associa-
tion to specific VHAs [1,2,7,12-14,16]such as overall
mortality and bleeding events, conducted subgroup
and sensitivity analyses, examined the role of bias,
and applied trial sequential analyses (TSAs.

To our knowledge, this is the first meta-analysis
that attempted to compare thromboelastography to
rotational thromboelastometry. The technologies
may have similar results, but the analyses are under-
powered to demonstrate that clearly. Nevertheless,
the most consistently reported outcomes (e. g. risk
of transfusion of RBC, FFP and platelets) do not su-
ggest a difference of effect at this moment.

References

1. Wikkelsg A, Wetterslev J, Mgller AM, Afshari A.
Thromboelastography (TEG) or thromboelasto-
metry (ROTEM) to monitor haemostatic treat-
ment versus usual care in adults or children with
bleeding. Cochrane Database Syst Rev [Internet].
2016 Aug 22 [cited 2019 May 20];(8):CD007871.
Available from: http://www.ncbi.nlm.nih.gov/
pubmed/27552162

2. Lodewyks C, Heinrichs ], Grocott HP, Karkou-
ti K, Romund G, Arora RC, et al. Point-of-care
viscoelastic hemostatic testing in cardiac surgery
patients: a systematic review and meta-analysis.
Can J Anesth Can d’anesthésie [Internet]. 2018
Dec 7 [cited 2019 May 20];65(12):1333-47. Avai-
lable from: http://www.ncbi.nlm.nih.gov/pub-
med/30194674

32 J Assist Farmac Farmacoecon, V.4, n.4, p.29-35, out. 2019. doi:10.22563/2525-7323.2019.v4.n4.p.29-35



10.

Bolliger D, Tanaka KA. Roles of Thrombelas-
tography and Thromboelastometry for Patient
Blood Management in Cardiac Surgery [J. 2013;
Wang SC, Shieh JE Chang KY, Chu YC, Liu
CS, Loong CC, et al. Thromboelastography-gui-
ded transfusion decreases intraoperative blood
transfusion during orthotopic liver transplan-
tation: randomized clinical trial. Transpl Proc.
2010/09/14. 2010;42(7):2590-3.

Craig], Aguiar-Ibanez R, Bhattacharya S,Downie
S, Duffy S, Kohli H, et al. The clinical and cost
effectiveness of thromboelastography/thromboe-
lastometry [Internet]. Glasgow; 2008. Available
from: https://www.google.com/url?sa=t&rct=-
j&q=&esrc=s&source=web&cd=1&cad=r-
ja&uact=8&ved=2ahUKEwiM3dyzqr7iAhU-
6JrkGHSP8A=-EQFjAAegQIAhAC&url-
http%253A%252F%252Fhealthcareim-
provementscotland.org%252Fhis%252Fidoc.
ashx%253Fdocid%253D4c¢42dd97-4305-4£33-a-
d82-29cel3a398d1%2526version%25

Benes ], Zatloukal J, Kletecka J. Viscoelastic Me-
thods of Blood Clotting Assessment — A Multi-
disciplinary Review. Front Med [Internet]. 2015
Sep 14 [cited 2019 Jun 3];2:62. Available from:
http://journal.frontiersin.org/Article/10.3389/
fmed.2015.00062/abstract

Wikkelso A, Wetterslev J, Moller AM, Afsha-
ri A. Thromboelastography (TEG) or rotatio-
nal thromboelastometry (ROTEM) to monitor
haemostatic treatment in bleeding patients: a
systematic review with meta-analysis and trial
sequential analysis. Anaesthesia. 2017/01/05.
2017;72(4):519-31.

Davenport R, Manson J, De’Ath H, Platton S,
Coates A, Allard S, et al. Functional definition
and characterization of acute traumatic coagulo-
pathy. Crit Care Med. 2011 Dec;39(12):2652-8.
Toulon B Ozier Y, Ankri A, Fléron M-H, Leroux
G, Samama CM. Point-of-care versus central
laboratory coagulation testing during haemor-
rhagic surgery. A multicenter study. Thromb
Haemost [Internet]. 2009 Feb [cited 2020 Feb
15];101(2):394-401. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/19190827

Gratz J, Guting H, Thorn S, Brazinova A, Gor-
linger K, Schifer N, et al. Protocolised throm-
boelastometric-guided haemostatic management

11.

12.

13.

14.

15.

16.

Santos AS

in patients with traumatic brain injury: a pilot
study. Anaesthesia [Internet]. 2019 Jul 29 [cited
2020 Feb 16];74(7):883-90. Available from: ht-
tps://onlinelibrary.wiley.com/doi/abs/10.1111/
anae.14670

Gorlinger K, Shore-Lesserson L, Dirkmann D,
Hanke AA, Rahe-Meyer N, Tanaka KA. Manage-
ment of Hemorrhage in Cardiothoracic Surgery.
J Cardiothorac Vasc Anesth [Internet]. 2013 Aug
[cited 2019 Jun 5];27(4):S20-34. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23910533
Serraino GE, Murphy GJ. Routine use of viscoe-
lastic blood tests for diagnosis and treatment of
coagulopathic bleeding in cardiac surgery: up-
dated systematic review and meta-analysis. Br |
Anaesth [Internet]. 2017 Jun 1 [cited 2019 May
20];118(6):823-33. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/28475665
Fahrendorff M, Oliveri RS, Johansson PI. The
use of viscoelastic haemostatic assays in goal-di-
recting treatment with allogeneic blood products
- A systematic review and meta-analysis. Scand |
Trauma Resusc Emerg Med [Internet]. 2017 Apr
13 [cited 2019 May 20];25(1):39. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/28403868
Santos AS, Oliveira AJE Barbosa MCL, No-
gueira JL dos S. Viscoelastic haemostatic as-
says in the perioperative period of surgical
procedures: Systematic review and meta-analy-
sis. ] Clin Anesth [Internet]. 2020 Sep 1 [ci-
ted 2020 Apr 15];64:109809. Available from:
https://linkinghub.elsevier.com/retrieve/pii/
S0952818019320288

Santos AS, Noronha KVMS, Andrade M V. Rou-
tine use of viscoelastic blood tests for diagnosis
and treatment of coagulopathic bleeding in car-
diac surgery. Response to Br J Anaesth 2017; 118:
823-33. Br ] Anaesth [Internet]. 2019 Oct [cited
2019 Nov 7]; Available from: https://linkinghub.
elsevier.com/retrieve/pii/S000709121930697X
LiC, Zhao Q, Yang K, Jiang L, Yu J. Thromboe-
lastography or rotational thromboelastometry
for bleeding management in adults undergoing
cardiac surgery: a systematic review with me-
ta-analysis and trial sequential analysis. ] Tho-
rac Dis [Internet]. 2019 Apr [cited 2019 Aug
23];11(4):1170-81. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/31179059

J Assist Farmac Farmacoecon, v.4, n.4, p.29-35, out. 2019. doi:10.22563/2525-7323.2019.v4.n4.p.29-35 33



Rotational thromboelastometry and thromboelastography for patients undergoing surgical procedures: an indirect meta-analysis

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Hutton B, Salanti G, Caldwell DM, Chaimani
A, Schmid CH, Cameron C, et al. The PRISMA
extension statement for reporting of systematic
reviews incorporating network meta-analyses of
health care interventions: checklist and explana-
tions. Ann Intern Med. 2015 Jun;162(11):777-
84.

Hartert H. Blutgerinnungsstudien mit der
Thrombelastographie, einem neuen Unter-
suchungsverfahren. Klin Wochenschr [In-
ternet]. 1948 Oct [cited 2019 Jun 3];26(37-
38):577-83. Available from: http://link.springer.
com/10.1007/BF01697545

Luddington R]. Thrombelastography/throm-
boelastometry. Clin Lab Haematol. 2005 Apr;
27(2):81-90.

Tem International GmbH. Targeted therapy
stops the bleeding. ROTEM ® delta ROTEM ®
platelet. 2016.

Calatzis A, Spannagl M, Vorweg M. Guide RO-
TEM ® -Thromboelastometry. 2016.

Keene DD, Nordmann GR, Woolley T. Rotation-
al thromboelastometry-guided trauma resuscita-
tion. Curr Opin Crit Care. 2013 Nov;1.
Gorlinger K, Dirkmann D, Hanke AA. Rota-
tional Thromboelastometry (ROTEM®). In:
Trauma Induced Coagulopathy. Cham: Springer
International Publishing; 2016. p. 267-98.
Zamper RPC, Amorim TC, Costa LGV da, Taka-
oka E Serpa Neto A. The role of thromboelas-
tometry in the assessment and treatment of co-
agulopathy in liver transplant patients. Einstein
(Sao Paulo). 2017 Apr;15(2):243-6.

Simioni B, Spiezia L, Radu C, Bertini D. NEW
ROTATION THROMBOELASTOGRAPHY
(ROTEM) IN THROMBOTIC AND HAEM-
ORRHAGIC DISORDERS: LIGHTS AND
SHADOWS. 2008.

R Core Team. R: A language and environment
for statistical computing [Internet]. Viena: R
Foundation for Statistical Computing; 2019.
Available from: https://www.r-project.org/
Riicker G, Krahn U, Konig J, Efthimiou O,
Schwarzer G. netmeta: Network Meta-Anal-
ysis using Frequentist Methods [Internet].
R-CRAN2. 2020 [cited 2020 Aug 4]. Available
from: https://cran.r-project.org/web/packages/
netmeta/netmeta.pdf

28.

29.

30.

31.

32.

33.

34.

35.

Ak K, Isbir CS, Tetik S, Atalan N, Tekeli A, Al-
jodi M, et al. Thromboelastography-based trans-
fusion algorithm reduces blood product use after
elective CABG: a prospective randomized study.
J Card Surg. 2009/07/09. 2009;24(4):404-10.
Royston D, von Kier S. Reduced haemostat-
ic factor transfusion using heparinase-mod-
ified thrombelastography during cardio-
pulmonary bypass. Br ] Anaesth [Internet].
2001;86(4):575[]578. Available from: https://
www.cochranelibrary.com/central/doi/10.1002/
central/CN-00356574/full

Shore-Lesserson L, Manspeizer HE, DePerio
M, Francis S, Vela-Cantos E Ergin MA. Throm-
boelastography-guided transfusion algorithm
reduces transfusions in complex cardiac surgery.
Anesth Analg. 1999/02/11. 1999;88(2):312-9.
Cui Y, Hei E Long C, Feng Z, Zhao ], Yan F
et al. Perioperative monitoring of thromboelas-
tograph on blood protection and recovery for
severely cyanotic patients undergoing com-
plex cardiac surgery. Artif Organs. 2010/11/26.
20103;34(11):955-60.

Nuttall GA, Oliver WC, Santrach PJ, Bryant
S, Dearani JA, Schaff H V., et al. Efficacy of a
Simple Intraoperative Transfusion Algorithm
for Nonerythrocyte Component Utilization af-
ter Cardiopulmonary Bypass. Anesthesiology.
2001;94:773-81.

Westbrook AJ, Olsen J, Bailey M, Bates ], Scully
M, Salamonsen RE Protocol based on throm-
boelastograph (TEG) out-performs physician
preference using laboratory coagulation tests
to guide blood replacement during and after
cardiac surgery: a pilot study. Hear Lung Circ.
2009/01/02. 2009;18(4):277-88.

Avidan MS, Alcock EL, Da Fonseca ], Ponte ],
Desai JB, Despotis GJ, et al. Comparison of struc-
tured use of routine laboratory tests or near-pa-
tient assessment with clinical judgement in the
management of bleeding after cardiac surgery.
Br ] Anaesth. 2004/01/15. 2004;92(2):178-86.
De Pietri L, Bianchini M, Montalti R, De Ma-
ria N, Di Maira T, Begliomini B, et al. Throm-
belastography-guided blood product use before
invasive procedures in cirrhosis with severe
coagulopathy: A randomized, controlled trial.
Hepatology. 2015/09/05. 2016;63(2):566—73.

34 J Assist Farmac Farmacoecon, v.4, n.4, p.29-35, out. 2019. doi:10.22563/2525-7323.2019.v4.n4.p.29-35



36.

37.

38.

39.

40.

41.

42.

Gonzalez E, Moore EE, Moore HB, Chapman
MP Chin TL, Ghasabyan A, et al. Goal-direct-
ed Hemostatic Resuscitation of Trauma-induced
Coagulopathy: a Pragmatic Randomized Clinical
Trial Comparing a Viscoelastic Assay to Conven-
tional Coagulation Assays. Ann Surg [Internet].
20165263(6):1051-1059. Available from: https://
www.cochranelibrary.com/central/doi/10.1002/
central/CN-01167299/full

Cao X, Zhang X, Li Q. [Efficacy of thromboelas-
tography to monitor the clinical massive trans-
fusion in scoliosis: a randomized controlled
trial]. Zhonghua Wai Ke Za Zhi. 2016/02/16.
2016;54(2):137-41.

Girdauskas E, Kempfert J, Kuntze T, Borger
MA, Enders ], Fassl ], et al. Thromboelastomet-
rically guided transfusion protocol during aortic
surgery with circulatory arrest: a prospective,
randomized trial. J Thorac Cardiovasc Surg.
2010/10/19. 20105140(5):1117-24.e2.

Nakayama Y, Nakajima Y, Tanaka KA, Sessler
DI, Maeda S, Iida ], et al. Thromboelastome-
try-guided intraoperative haemostatic manage-
ment reduces bleeding and red cell transfusion
after paediatric cardiac surgery. Br ] Anaesth.
2014/10/12. 2015;114(1):91-102.

Paniagua P, Koller T, Requena T, Gil JM, Cam-
pos JM, Galan ]J. Randomized controled trial
to evaluate postoperative coagulation manage-
ment with bed-side trombelastometry (Rotem)
compared with a transfusion protocol based on
laboratory meausurments in bleeding patients
after cardiac surgery: preliminary data. Eur ]
Anaesthesiol [Internet]. 2011;28:94. Available
from: https://www.cochranelibrary.com/central/
doi/10.1002/central/CN-00873186/full

Weber CE, Gorlinger K, Meininger D, Herrmann
E, Bingold T, Moritz A, et al. Point-of-care test-
ing: a prospective, randomized clinical trial of ef-
ficacy in coagulopathic cardiac surgery patients.
Anesthesiology. 2012/08/24. 2012;117(3):531-47.
Kempfert J, Hansig M, Wobbe B Girdauskas E,
Schmitt D, Walther T, et al. Thromboelastogra-
phy-guided blood component therapy after cardi-
ac surgery: a randomised study. Interact Cardio-
vasc Thorac Surg [Internet]. 2011;13:S106-S107.
Available from: https://www.cochranelibrary.com/
central/doi/10.1002/central/CN-01057985/full

43.

45.

46.

47.

Santos AS

Khalaf Adeli E, Pourfathollah A, Alavi S, Kiaei-
far A. Impact of protocol-based management us-
ing thromboelastometry on transfusion require-
ments in cardiac surgery. Vox Sang [Internet].
2017;112:257-. Available from: https://www.co-
chranelibrary.com/central/doi/10.1002/central/
CN-01755566/full

. Kultufan Turan S, Aydinli B, Ayik H, Yaar S,

Kazanci D, Karadenz U. The role of rotational
thromboelastgraphy on decision of blood trans-
fusion in open heart surgery. Gogus-kalp-damar
anestezi ve Yogun bakim Dern Derg [Internet].
2006;12(4):154-159. Available from: https://
www.cochranelibrary.com/central/doi/10.1002/
central/CN-01706748/full

Lehmann E Rau ], Malcolm B, Sander M, von
Heymann C, Moormann T, et al. Why does a
point of care guided transfusion algorithm not
improve blood loss and transfusion practice in
patients undergoing high-risk cardiac surgery?
A prospective randomized controlled pilot study.
BMC Anesth. 2019/02/20. 2019;19(1):24.
Karkouti K, Callum J, Wijeysundera DN, Rao
V, Crowther M, Grocott HP, et al. Point-of-Care
Hemostatic Testing in Cardiac Surgery. Circu-
lation [Internet]. 2016 Oct 18 [cited 2019 May
20];134(16):1152-62. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/27654344
Schaden E, Kimberger O, Kraincuk P, Bar-
on DM, Metnitz PG, Kozek-Langenecker S.
Perioperative treatment algorithm for bleeding
burn patients reduces allogeneic blood prod-
uct requirements. Br ] Anaesth. 2012/06/22.
2012;109(3):376-81.

Enviado em: 30.10.2020

Aceito para publicacdo em 21.06.2021.

J Assist Farmac Farmacoecon, v.4, n.4, p.29-35, out. 2019. doi:10.22563/2525-7323.2019.v4.n4.p.29-35 35



