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Cardiac surgery involves a large of blood loss. Eighty
percent of the patients undergoing open cardiac surgery
receive blood component transfusions. Nowadays,
rotational thromboelastometry (ROTEM) is used to
evaluate disorders of blood clotting factors and the
fibrinolytic process. This diagnostic test can be done in the
operating room perioperatively and the ROTEM results

are rapidly available. The anesthesiologist can use the
ROTEM monitoring assays to guide blood transfusion
during cardiac surgery. This review is aimed to summarize
the previous studies. Benefits of using ROTEM help
anesthesiologists comprehend and be able to deal with
their patients.
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W31 (fbrinolysis) 28NA1NN1INULRUNAALALA
Rawnf (platelet dysfunction) "lﬁ %qﬂmﬂummmzﬁﬂﬁm
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1. Thromboelastography (TEG) Lﬂum‘%mﬁfa
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mzmummmm’ﬁ'mﬁam (clot initiation, formation,
stability, strength and dissolution) Imﬂﬁfmﬂ'wlﬁ@mm‘gﬁ
Eluﬂ’l‘?rmfmfuﬂi%mﬂu citrated whole blood mmfmmu
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2. Rotational thromboelastometry (ROTEM)
ANRBUINIAIN TEG T 43BN 19Uy LN UUYU (pin)
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CT (clotting time) uumumwm VANNENTRAL
mzﬁ'qmmmmmmmmmu A1M130QNITNNIULBY
initiation of clotting, thrombin formation, start of clot
polymerisation

CFT (clot formation time) ﬁu;T\uwiizﬂzwmﬁG;u
a¥19huden (2 AARLNRAT) AuNILTIANI AR ALT AT 20
UadLNAT 41N1709N13919UL8N fibrin polymerisation,
stabilisation of the clot with thrombocyte Wag factor Xl

MCF (maximum clot firmness) 1UNUBNDNAINN
LL“I‘NLLN%Q@@@@@ (firmness of clot) mmm@ﬂ’liﬁ’m’m
224 fibrin polymerisation, thrombocyte LLag factor Xl

ML (maximum lysis) N13AAARUAIAINNLIULINTAY
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Figure 1 ROTEM Parameters '
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CT Clotting time

alpha  Alpha-angle

CFT Clot formation time

MCF Maximum clot firmness
A10 Amplitude 10 min after CT
LI30 Lysis index 30 min after CT
ML Maximum lysis

30 40 50 60
Time in min
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Benefit of Rotational Thromboelastometry (ROTEM)

13499399 ROTEM @nsnsananald 5 agna® sl

1. INTEM 14192181 clot formation, fibrin
polymerisation, fibrinolysis NAUNY intrinsic pathway

2. EXTEM ldisz1diu clot formation, fibrin
polymerisation, fibrinolysis K174 extrinsic pathway %‘\‘1
N34 heparin azlsldanamanisnsaa EXTEM

3. HEPTEM ldfauriu INTEM Tunnsusziiiu clot
formation Iuéjﬂwﬁiﬁ‘ﬁl heparin

4. FIBTEM Wlssifiusssi/Ine3Tman s fibrinogen
deficiency WA fibrin polymerization disorder

Table 1 Normal reference values of ROTEM assays'’

5. APTEM l49aufu EXTEM lun1sifiaguning
hyperfibrinolysis

{pgl Table 1 meﬂ'ﬁé’ﬁq%qmmgmmmmimmm
ROTEM

N19m39a ROTEM aziansuaaanuidunsan Ine
Figure 2 LapenalinAaaIn1sma ROTEM Wag Figure
3 LanIAIRENIANNEALINGAR 19 figunanAnaseldann
N1771a ROTEM

CT CFT Alpha angel A10 MCF ML
(sec) (sec) (degree) (mm) (mm) (% of MCF)
INTEM 100-240 30-110 70-83 44-66 50-72 <15
EXTEM 38-79 34-159 63-83 43-65 50-72 <15
FIBTEM 9-25
HEPTEM Compared to INTEM to confirm presence of heparin influence on INTEM parameters
APTEM Compared to EXTEM to confirm condition of hyperfibrinolysis influence on EXTEM parameters

CT = clotting time, CFT = clot formation time, A10 = clot amplitude 10 minutes after CT,

MCF = maximum clot firmness, ML = maximum lysis, FFP = fresh frozen plasma.

T 675 CFT: 8 73" T 200s CFT: 675 @ w
CFR: S54mm  MCFR: 5Tmm ML E ] CFR: S54mm  MCF: Slmm ML %
T 66s | CFT. =5 | o Lh CT: T4s  CFT: 895 @ 72"
CFR: Smm  MCE: 10mm ML % CFR:  53mm MCF:  6lmm ML %

Figure 2 Normal coagulation in ROTEM™
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EXTEM INTEM
CT: §7s | CFT: 444 @ a0° CT: 2005  CFT: 4495 @ ik
%

Al 23mm  MCE 35mm ML

FIBTEM APTEM
(3H 675 CFT: s @ = (9H 525 CFT: 398 @ 80"
AT0: 1smm  MCE: 16mm ML % AI0;  25mm  MCF: 35mm ML %

EXTEM INTEM
T 595 | CFT: 1305 @ 65" (=H 2005  CFT: BEs @ e
46mm  MCF:  4Bmm  ML: 100%:

AlD: 44mm  MCF:  48mm ML 100%: A

AW:  23mm MCF: 32mm ML % AlD: 3imm  MCF:  38mm ML % AT0:

EXTEM INTEM
CcT: 109s | CFT: 2635 @ 48° CT: 2365 CFT: 2205 55°

33mm  MCF: 4lmm ML 5%

(45 185s  CFT: 4w = (25 %8s CFT: 2768 @ 46"
AN 3mm  MCF: 3mm L: AN0: 3Imm MCF: 40mm ML %

- _'

EXTEM INTEM
C?‘ 675 | CFT: 1045 @ 68° €T 8525 | CFT: 1985 o 517
AlD: 50mm | MCF:  57mm ML 0% AlD:

4imm | MCF:  4Bmm = ML 0%

-

FIBTEM APTEM
(2 H 51s  CFT: s @ = T 625 CFT: 1325 @ 64°

AN imm  MCF: mm ML 94% A0:

Figure 3 Examples of abnormal coagulation

FIBTEM

44mm  MCF:  55mm ML 0%

%in ROTEM

HEPTEM
CFT: -4 a - T 2025 CFT: 75% a 76"
A: 6mm  MCE Bmm ML 0% MG Samm MCF SBmm ML 0%

A. platelet deficiency, B. fibrinogen deficiency, C. hyperfibrinolysis, D. heparin influence

@?J'Niiﬁmu 137399 ROTEM Hdiadni0° dat)
”Lumm'a*mmﬂmmmmﬂnmiummuﬂimmm

fufanneinaureananiden (platelet inhibitor) & Liu
aspirin, clopidogrel

2. ldgnmnsouenmanuiialn@ees Von Willebrand
factor

3. ldfimanulasaanannan low molecular weight
heparin (LMWH) wag oral anticoagulant Wi warfarin
M linanisaesef ROTEM Unilél

FatunisutlanadesAnilsieladasangadnadu
PNNUIHT e’ Al un1RT99 mm’mmﬁ%ﬁuj
fausng
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LNFNUNAAREANAUNFA LAELABANINAINANTHGA
Asldwmalialaaanatanm (dilutional factor) a1nnI3
priming solution Turseadenuazinlafies (Uszannu
1.5 am3 2184 colloid/crystalloid) N19udeflv891Aan
AUnAT AT aLAE ISR ANnnsTiAen
dulany artificial surface miﬁmﬁmﬁmgnﬁmw
TAgRIY (3NN centrifugal pump VB adsorption onto
membrane oxygenations) nslAsy heparin/protamine
interactive WATN1IAAGUNYHNNE LluGY
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UfiRresuiazaniiy mﬁﬂmmmﬁ@m@@nﬁ'ﬁmmq
f«nnmg@m@wmﬁﬁﬂmm%ﬁmqLﬁfam M NETAR
aowhtiidsazuilanaziensenld fsannsinmaes
Nuttall wazAnss? nufinnslideailamanzanddasas
20 veanstdaTivlaRana Taglannvatnaaiiaduun
Andszinndaudszneaesdeanudninisliindniaes
Flalmunzanie¥esay 47, FFP $agay 32 uaz RBC
Satiay 15 AASAL™ FaiuAapasTHanInsIanneed
UfiAnsfianansoifiade| fethemmiaielinisinm
fignifesmuaniug

ROTEM Lilun1sm394 whole blood sample 414190
saldiuiilngluidadldinanihudeswiiew conventional
test mmma‘mmm‘vwzﬂmmqmmm UATABLARH
m’]mimqqmwmﬂgummiwuﬁm faﬂmmmmmm@
ﬂ@wmﬂmmmmm@m"l,mmﬂfamq sTanaLfinLInG
FAnTuaNELEN T LAY hyperfibrinolysis 0 liuwnmnel
anTnLENAMEANNEALNAdIRAAINALMER I
‘lmmmzmuyﬂ’mﬁqﬁfmmL'ﬁfam

unauilAsusanaInnIsAnEIALANLLUE N
(randomized control trial) 41uat 5 AR Tivinly
fulaefdnsunstindaalaunuidla Taeldieiesiianis
n99a ROTEM {luuuanislunislddaudsenauvesiaen
wazdsziliunanisliidenssudnanisnfnnaznalu
24-48 Faluandasinga WL uRy conventional test
T&mLL@mmﬂ@mﬁﬂmﬁugmuﬁimmiﬁnm (Table 2)

Table 2 Detail of each randomized trial study

wazinausinsindulalidiuilsznavresaenluwsas
AN3ANEN (Table 3)

Table 4 miﬁm:mLﬂ_l?ﬁmﬁﬂmmrj’mmﬂ% ROTEM
ﬂumsmmwuﬁmmwmﬂgummmuu conventional
test m@ﬂ’ﬁﬁﬂmmﬂumwummﬂw’tumwlmmmm
ROTEM Nfamwma‘iumuﬂi”n@mmL@@mmmmm PRC,
FFP, Platelet, Fibrinogen ag PCC Tusegninanisnngin
wazvaHnfatiaandnad e lladAny adtnelgannnisi
mmmfam@ﬁmmmmmmmﬂﬂmimmqmmm VYT
mﬁm:m”l’wL@@mnmLmuLw'a@mfammmmmLmszam
ﬂ?mgmm (massive blood transfusion) anamsIN1e
HNARN (re-exploration) LL@ZLﬁI@‘V]TW‘UZﬁLﬁﬁ!ﬂﬂﬂﬂﬁ?@ma\i
gastlafenisuiaivadenidaiay vililudeslinng
Snenlaenislddoulsenavreadnninglisndu wugn
dagannnazunIndeufifanua s ldeaanEe)

%’@fﬁﬁrﬁ"mmwmmﬁu’%mﬁﬁﬂLﬂuLﬁmmi@'ﬁu
NUNIUITTUNITNUATATURanNTuNaNNIANEN F 9819
mmqmmmnw’mmmwmirﬂumaumwnmu aa
m‘l,mmmﬁmwﬂ,uwmmm@mmwmmmﬂmm'ﬂﬂm@mq
(selection bias) 1§ FatfnNIAATMLRINUAN LA
relilasmsindu systemic review 1138 meta-analysis

Azt lNARINGNARILATAANITNIAGAR (bias) WAL
doNANAIATINGHN (random error) "meﬂmwmmmm
@RA IULN AN

uthor (year, atien ntry restricted to excessive Entry restriction base ontro! iming o es

Author (year) N Patient Entry restricted t ive Entry restriction based Control Timing of ROTEM test
category bleeding? on anticoagulant?

Anderson 990  Mixed cardiac No No Clinical On arrival in ICU

(2006)™ surgery judgment

Gorlinger 3,865 Mixed cardiac NR No Clinical NR

(2011)" surgery judgment

Paniagua 22 Mixed cardiac Yes (= 300 mlin first post- NR SLTs NR

(2011)"® surgery operative hour) algorithm

Romlin 100  Mixed cardiac No NR Clinical Baseline, during rewarming on

(2011)" surgery judgment CPB, before wound closure

Weber 100  Mixed cardiac Yes - bleeding from capillary Yes - antiplatelet therapy SLTs Unclear; before weaning off

(2012)" surgery beds or blood loss > 250 ml/ stopped > 6 days before algorithm CPB, after protamine, ongoing

hr or 50 ml/10 mins surgery

bleeding

SLTs = standard laboratory tests, NR = not reported, n = numbers, CPB = cardiopulmonary bypass, ROTEM = rotational thromboelas-

tometry, ICU =

140
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Table 3 Criteria for transfusion of blood component

Author PRC trigger FFP trigger Platelet trigger Fibrinogen/ Cryoprecipitate trigger
(year)
Intervention Control Intervention Control Intervention Control Intervention Control
Anderson  Hct<21% Hct CT and CT INR>1.50r CT and CT PC <100 x 10a/pL NA NA
INTEM HEPTEM INTEM HEPTEM
(2006)" <21% prolonged and surgical prolonged and MCFHBTEM or<0.5x
MCFHBTEM <6mm request >6mm preoperative PC
Gorlinger  Hb < 8-10 g/dL Hb<8-10 g/dL CT >90s or Profuse A10 <40 mm and PC <100 x 10%uL  A10 <10mm Clinical
EXTEM EXTEM FIBTEM
(2011)" CT >240s, bleeding after A10 >10 mm, and A10 <40 decision
HEPTEM FIBTEM EXTEM
only after PCC heparin decreased platelet mm
reversal aggregation in MEA
Paniagua NA NA NA NA MCF <50 mm PC <80x10%uL  MCF <50 mm Fibrinogen < 1
HEPTEM HEPTEM
(2011)"® MCF___ >9mm MCF___ <9mm gl
Romlin Hb<11g/dL Hb<11g/dL CT >240s NA MCF <50 mm NA MCF <8mm NA
HEPTEM HEPTEM FIBTEM
(2011)"
Weber Hb <8-10 g/dL Hb<8-10 g/dL CTE)<TEM >90s or aPTT >50s or A10E)<TEM <40 mm and PC < 80 x 103/uL Amnm <10 mm  Fibrinogen
(2012)"® CT >240s, INR>1.4 A10 >10 mm, and A10 <40 <15¢gL
HEPTEM FIBTEM EXTEM

only after PCC decreased platelet mm

aggregation in MEA

A10 = clot frmness after 10 minutes in EXTEM, HEPTEM, or FIBTEM tests, Hb = hemoglobin, Hct = hematocrit, INR = international normalized ratio, MEA = multiple-

electrode aggregometry, NA = data not available or hemostatic mean not used, PC = platelet count, CT = clotting time, MCF = maximum clot frmness.

Table 4 Results of transfusion of blood components

Study Data available Intervention Control P-value
Packed red cell (PRC) transfusion (unit unless otherwise stated) within 24-48 hours

Anderson (2006)" Median (IQR) 2(3) 1(2) 0.003*
Gorlinger (2011)" Median (IQR) 3 (2-4) 2 (2-4) 0.0049*
Paniagua (2011)" Mean 3.8 6.4 NR
Romlin (2011)" Median (range) 9 (0 -315) ml/kg 17(0-178) mi/kg  0.013*
Weber (2012)"® Median (IQR) 3 (2-6) 5 (4-9) <0.001*
Fresh frozen plasma (FFP) transfusion (unit, unless stated) at 12-48 hours

Anderson (2006)" Median (IQR) 0(0) 0(0) 0.036*
Gorlinger (2011)™ Median (IQR) 4 (4-6) 4 (2-5) 0.1325
Paniagua (2011)"° Total 3.1 34 NR
Romlin (2011)" Median (range) 0 (0 -242) ml/kg 24 (0-197) mi/kg < 0.001*
Weber (2012)" Median (IQR) 0 (0-3) 5(3-8) <0.001*
Fibrinogen transfusion at 24-48 hours

Romlin (2011)" Median (range) 0 (0 - 208) ml/kg 0 (0 - 214) ml/kg 0.018*
Weber (2012)" Median (IQR) 0 (0-4) 0 (0-6) 0.481
Platelet transfusion (unit unless otherwise stated) transfusion at 24-48 hours

Anderson (2006)" Median (IQR) 0 (0) 0(0) 0.032*
Gorlinger (2011)" Median (IQR) 2(1-2) 2 (2-2) 0.0019*
Paniagua (2011)"° Total 0.50 157 <0.05*
Romlin (2011)" Median (range) 0 (0 - 72) ml/kg 0 (0 - 36) mi/kg 0.003*
Weber (2012)" Median (IQR) 2(0-2) 2 (0-5) 0.010*

Prothrombin complex concentrate (PCC) (international unit) transfusion at 24-48 hours
Weber (2012)™ Median (IQR) 0 (0-1800) 1200 (0-1800) 0.155

NR = not report, IQR = interquartile range, * = a significant difference (p < 0.05)

o
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