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for thrombocytopenia and
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Background: The early detection of coagulopathy helps guide decisions regarding optimal transfusion management dur-
ing cardiac surgery. This study aimed to determine whether rotational thromboelastometry (ROTEM) analysis during
cardiopulmonary bypass (CPB) could predict thrombocytopenia and hypofibrinogenemia after CPB.

Methods: We analyzed 138 cardiac surgical patients for whom ROTEM tests and conventional laboratory tests were per-
formed simultaneously both during and after CPB. An extrinsically activated ROTEM test (EXTEM), a fibrin-specific
ROTEM test (FIBTEM) and PLTEM calculated by subtracting FIBTEM from EXTEM were evaluated. Correlations be-
tween clot amplitude at 10 min (A10), maximal clot firmness, platelet count, and fibrinogen concentrations at each time
point were calculated. A receiver operating characteristic analysis with area under the curve (AUC) was used to assess the
thresholds of EXTEM, PLTEM and FIBTEM parameters during CPB and for predicting thrombocytopenia and hypofi-
brinogenemia after weaning of CPB.

Results: The A10 on EXTEM, PLTEM, and FIBTEM during CPB showed a good correlation with platelet counts (r = 0.622
on EXTEM and r = 0.637 on PLTEM; P < 0.0001 for each value) and fibrinogen levels (r = 0.780; P < 0.0001) after CPB.
A10 on a FIBTEM threshold of 8 mm during the CPB predicted a fibrinogen concentration < 150 mg/dl (AUC = 0.853)
after CPB. Additionally, the threshold level of A10 on EXTEM during CPB for predicting platelet counts < 100,000 /ul after
CPB was 42 mm (AUC = 0.768).

Conclusions: EXTEM, PLTEM, and FIBTEM parameters during CPB may be useful for predicting thrombocytopenia
and hypofibrinogenemia after weaning of CPB.
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The predictive value of ROTEM during CPB

Introduction

Coagulopathy is one of the most frequent postoperative com-
plications in patients who undergo cardiac surgery with cardio-
pulmonary bypass (CPB). Coagulopathy after CPB is caused by
multiple complex factors, which include the activation and con-
sumption of coagulation factors, hemodilution, platelet dysfunc-
tion, fibrinolysis, and inappropriate heparin reversal [1]. Exces-
sive bleeding can be associated with a prolonged intensive care
unit stay and both increased morbidity and mortality [2,3], and
this clinically important event can be minimized by performing
a proper examination and determining the cause of the coagula-
tion abnormality, followed by rapid and proper treatment [4].

Rotational thromboelastometry (ROTEM) is a point-of-care
device that assesses the viscoelastic properties of blood samples
under low shear conditions and enables the evaluation of the
processes of clot initiation, formation, and stability using whole
blood. A ROTEM device can conduct several tests, including the
extrinsically activated (EXTEM) and intrinsically activated (IN-
TEM) tests, and the fibrin-specific clot formation test (FIBTEM).
Identifying the need for specific blood components should be
possible using these tests [5,6]. Moreover, ROTEM, unlike con-
ventional laboratory tests, can provide prompt results within
10 to 15 min, which enables the early detection and treatment
of coagulopathy in various clinical practices [7]. Several studies
have shown the usefulness of ROTEM for coagulation monitor-
ing in several different settings of major blood loss [4,8-10].

During cardiac surgery several authors have suggested that
there may be a potential benefit of using ROTEM during CPB (i.e.,
before heparin reversal) for the early detection of coagulopathies
and the use of more effective hemostatic therapies after weaning
of CPB [11-13]. However, the high heparin concentrations dur-
ing CPB could influence ROTEM tests like EXTEM and FIBTEM
[13-15]. Accordingly, validation of these tests performed during
CPB is necessary for guiding appropriate hemostatic therapies
after CPB. To the best of our knowledge, no previous study has
evaluated the predictive value of ROTEM during CPB to detect
coagulopathies to guide appropriate blood component therapies
after CPB weaning.

In our present study, we evaluated whether EXTEM and
FIBTEM parameters during CPB could predict the hemostatic
status, such as thrombocytopenia or hypofibrinogenemia after
weaning of CPB. Additionally, we assessed whether PLTEM,
which was calculated by subtracting FIBTEM from EXTEM,
could be useful to predict thrombocytopenia. We also evalu-
ated the effect of hematocrit on the relationships between the
ROTEM values and conventional laboratory tests.
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Materials and Methods
Study population

After obtaining approval from the Institutional Review Board
of our institution (2013-0857), we retrospectively investigated
a total of 262 patients who were at least 20 years old and had
undergone elective cardiovascular surgery using CPB at a single
academic medical center between February 2012 and December
2012. Additionally, the patients who we selected had undergone
simultaneous ROTEM and conventional laboratory tests both
during and after CPB. We excluded individuals who had in-
complete ROTEM (including inadequate run time or technical
irregularities in the traces) or laboratory tests (n = 105), who
showed signs of hyperfibrinolysis (n = 7), or who restarted CPB
for revision or bleeding control after the ROTEM test during
CPB (n = 12). The remaining 138 patients were included in this
analysis. Clinical and anesthetic data were obtained from com-
puterized databases.

Intraoperative management

All patients were subjected to our institutional standard anes-
thesia protocol for open heart surgery. To adjust the preload, we
used 0.9% saline or balanced crystalloid and 6% hydroxyethyl
starch 130/0.4 (Voluven or Volulyte, FreseniusKabi, Bad Hom-
burg, Germany). Before the CPB, a bolus of heparin (300 IU/kg)
was administered intravenously to achieve an activated clotting
time of > 480 s. The activated clotting time was checked every 30
min and heparin was added to maintain an adequate activated
clotting time. Priming solutions included 20% mannitol, 20%
albumin, and crystalloid solution. Packed red blood cells were
added to the priming solution of patients with a preoperative
hematocrit value < 30% to prevent excessive hemodilution when
CPB was initiated. During the CPB the hematocrit was main-
tained between 23 and 27%. Typically, patients were rewarmed
to a nasopharyngeal or rectal temperature of 37°C prior to sepa-
ration from bypass. After weaning from the CPB, heparin was
antagonized by protamine sulfate (3 mg/kg).

Blood sampling and thromoboelastometric
measurements

Both conventional coagulation assays and ROTEM tests were
performed using blood samples drawn from the radial artery at
two pre-determined time points: during CPB rewarming (32-
33°C) and after weaning from the CPB (i.e., 5 min after prot-
amine administration). Thromboelastometric measurements
were conducted using a ROTEM device (ROTEM® delta, TEM
International GmbH, Munich, Germany) in accordance with the
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manufacturer’s instructions using citrated whole blood. Briefly,
ROTEM were conducted at 37°C using 300 pl of whole blood af-
ter recalcification with 20 ul of 0.2 mol/L CaCl, and the addition
of different reagents to trigger coagulation and to differentiate
between hemostatic disorders. EXTEM was performed to moni-
tor the extrinsic coagulation system by tissue factor activation
using 20 pl of thromboplastin reagent. FIBTEM was performed
for qualitative analysis of fibin clot stability by the combination
of tissue factor activation with platelet inhibition using cytocha-
lasin D. The ROTEM device was placed in the operating room
and all tests were performed by an anesthesia nurse trained to
conduct ROTEM tests. The ROTEM variables analyzed in EX-
TEM and FIBTEM included clot amplitude at 10 min (A10) and
maximum clot firmness (MCF). Additionally, PLTEM, which
was calculated by subtracting FIBTEM from EXTEM, was also
analyzed [16]. Hematocrit, platelets, and fibrinogen levels were
measured at each time point. Hematocrit and platelet counts
were measured by RBC cumulative pulse height detection or
flow cytometry, respectively, using Sysmex XE 2100 (Sysmex
Corp., Kobe, Japan). Fibrinogen was measured by the Clauss
method using Sysmex CA 7000 (Sysmex Corp., Kobe, Japan).

Statistical analysis

All values are expressed as mean + SD, median and inter-
quartile range, or number and percentage. Correlations among
ROTEM parameters and between ROTEM parameters and
conventional laboratory tests were assessed using a Pearson’s or
Spearman’s rank order correlation coefficient as appropriate. We
calculated the area under the curve (AUC) values of the receiver
operating characteristic (ROC) curves of the ROTEM param-

Table 1. Baseline Characteristics of the Study Patients and Procedural Data

Number of patients (n) 138
Age (yr) 61.9+11.1
Sex (M/F) 66/72
Body mass index (kg/m”) 234+33
Logistic EuroSCORE 22+24
Hematocrit (%) 37.6+5.4
Platelets (x10°/ul) 209.8 + 80.9
Prothrombin Time (INR) 1.1+0.2
Activated Partial Thromboplastin Time (s) 31.5+8.2
Type of surgery

Valve 85

Aorta 6

Combined 47
Operative time (min) 319.2+121.8
CPB time (min) 158.1 £ 67.1

Jietal.

eters during CPB rewarming that predict thrombocytopenia (<
100,000 /pl) and hypofibrinogenemia (< 150 mg/dl) after wean-
ing of CPB. Sensitivity, specificity, and positive and negative pre-
dictive values (PPV and NPV) were also calculated to assess the
clinical significance of ROTEM tests and to evaluate the value
of ROTEM thresholds to predict thrombocytopenia and hypofi-
brinogenemia. The AUC values were compared with each other
using a method described by Hanley and McNeil [17]. Subgroup
analyses were performed according to hematocrit levels (= 25%
or < 25%) during CPB rewarming. This cut-off value was chosen
according to the results of a previous study by Ogawa et al. [18]
in which lower hematocrit levels (< 25%) affected the correla-
tion between plasma fibrinogen concentrations and ROTEM
values. A threshold of P < 0.05 was used to identify statistically
significant differences. All statistical analyses were performed
using MedCalc 13.1.1.0 (Mariakerke, Belgium) and SPSS 20.0
for Windows (IBM Corp., Armonk, NY, USA).

Results

The characteristics and procedural data for the 138 study
patients are shown in Table 1. The median interval between two
blood samples was 45 (range, 31-55) min. Conventional labora-
tory results and ROTEM measurements during CPB rewarming
and after weaning of CPB are presented in Table 2. The A10 of
EXTEM, PLTEM, and FIBTEM showed an excellent linear cor-
relation with the MCF of EXTEM, PLTEM, and FIBTEM during
CPB rewarming (r = 0.899, r = 0.902, and r = 0.987, respectively;
P < 0.0001 for each value) and after weaning of CPB (r = 0.953,
r =0.915, and r = 0.954, respectively; P < 0.0001 for each value).
The A10 and MCF of EXTEM, PLTEM, and FIBTEM during
CPB rewarming also exhibited a linear correlation with A10 (r =
0.703, r = 0.669, and r = 0.822, respectively; P < 0.0001 for each
value) and MCF (r = 0.715, r = 0.606, and r = 0.828, respectively;

Table 2. Intraoperative ROTEM and Conventional Laboratory Parameters
during CPB Rewarming and after CPB Weaning

During CPB rewarming  After CPB weaning

EXTEM A10 (mm) 41 (36-46) 41 (36-46)
EXTEM MCF (mm) 50 (44-55) 51 (44-55)
FIBTEM A10 (mm) 9 (8-13) 9 (7-12)

FIBTEM MCF (mm) 10 (9-14) 11 (8-14)

PLTEM A10 (mm) 31 (27-35) 32 (28-37)
PLTEM MCF (mm) 39 (34-43) 40 (35-44)
Hematocrit (%) 26.6 +2.7 29.3+3.2

Platelets (x10°/ ul)
Fibrinogen (mg/dl)

97.5 (74.0-125.0)
156.0 (130.3-196.5)

82.0 (66.8-107.3)
155.0 (128.9-196.3)

Data are expressed as number of patients or mean + SD. EuroSCORE:
European System for Cardiac Operative Risk Evaluation, CPB: cardi-
opulmonary bypass.
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Data are expressed as median and interquartile range or mean + SD. CPB:
cardiopulmonary bypass, A10: clot amplitude at 10 min, MCF: maximum
clot firmness.
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P < 0.0001 for each value) after weaning of CPB. The platelet
count and fibrinogen levels during CPB rewarming were strongly
correlated with those after weaning of CPB (r = 0.814 and r = 0.900,
respectively; P < 0.0001 for both values). Hematocrit levels dur-
ing CPB rewarming were also moderately correlated with those
after weaning of CPB (r = 0.414; P < 0.0001).

The A10 and MCF on both EXTEM and PLTEM were corre-
lated with platelet counts during CPB rewarming (r = 0.649 and
r = 0.575 on EXTEM, and r = 0.690 and r = 0.563 on PLTEM,
respectively; P < 0.0001 for each value) and after weaning of
CPB (r = 0.717 and r = 0.663 on EXTEM, and r = 0.750 and
r = 0.630 on PLTEM, respectively; P < 0.0001 for each value).
The A10 and MCF on FIBTEM were also well correlated with
fibrinogen levels during CPB rewarming (r = 0.767 and r = 0.766,
respectively; P < 0.0001 for both values) and after weaning of
CPB (r = 0.817 and r = 0.803, respectively; P < 0.0001 for both
values). The A10 and MCF on EXTEM, PLTEM, and FIBTEM
during CPB rewarming showed moderate to good correlations
with platelet counts (r = 0.622 and r = 0.572 on EXTEM, and r = 0.637
and r = 0.509 on PLTEM, respectively; P < 0.0001 for each val-
ue) and fibrinogen levels (r = 0.780 and r = 0.771 on FIBTEM,
respectively; P < 0.0001 for both values) after weaning of CPB.

VOL. 68, NO. 3, JUNE 2015

The results of all ROC curve analyses to assess the predictive
value of ROTEM tests during CPB rewarming for thrombocyto-
penia and hypofibrinogenemia after weaning of CPB are shown
in Table 3. The AUCs of PLTEM A10/MCF were slightly higher
than those of EXTEM A10/MCEF at a threshold of 100,000 /pl,
but these differences were not statistically significant (P = 0.309
on A10 and P = 0.630 on MCF).

In the first ROTEM test (i.e. during CPB rewarming), 41 pa-
tients had low hematocrit levels (< 25%). In the two subgroups
by hematocrit level the mean levels of those with a low (< 25%)
and high (= 25%) hematocrit were 23.6 + 1.0% and 27.9 + 2.1%,
respectively. In patients with low hematocrit levels during CPB,
A10 and MCF on EXTEM, PLTEM, and FIBTEM during CPB
showed moderate to good correlations with platelet counts (r =
0.651 and r = 0.655 on EXTEM, and r = 0.527 and r = 0.457 on
PLTEM, respectively; P < 0.0001 for all values) and fibrinogen
levels (r = 0.808 and r = 0.833, respectively; P < 0.0001 for both
values) after weaning of CPB. In patients with high hematocrit
levels during CPB, A10, and MCF on EXTEM, PLTEM, and
FIBTEM also showed moderate to good correlations with plate-
let counts (r = 0.670 and r = 0.549 on EXTEM, and r = 0.688 and
r = 0.532 on PLTEM, respectively; P < 0.0001 for all values) and

Table 3. Cut-off Values of ROTEM Parameters during CPB Rewarming to Predict Thrombocytopenia and Hypofibrinogenemia after CPB Weaning

ROTEM Cutoff  Sensitivity Specificity PPV NPV ~ AUC SE 95% CI z statistic ~ P*
Platelets < 100,000 /pl EXTEM A10 <42 74.2 73.7 87.8 52.8 0.768 0.0486 0.688-0.836 5522 <0.0001
(n=98) EXTEM MCF <53 77.6 59.0 82.6 51.1 0.723 0.0508 0.640-0.796 4.396 < 0.0001
PLTEM A10 <33 80.4 71.1 87.6 58.7 0.795 0.0484 0.717-0.860 6.094 <0.0001
PLTEM MCF <44 90.8 48.7 81.7 679 0.738 0.0495 0.656-0.809 4.811 <0.0001
Fibrinogen < 150 mg/dl ~ FIBTEM A10 <8 62.3 88.2 80.9 744 0.853 0.0310 0.783-0.908 11.403 < 0.0001
(n=62) FIBTEM MCF <9 67.7 85.5 79.2 76,5 0.849 0.0317 0.779-0.905 11.034 < 0.0001

CPB: cardiopulmonary bypass, PPV: positive predictive value, NPV: negative predictive value, AUC: area under the curve, SE: standard error, CI:

confidence interval. *Comparison to AUC of 0.5.

Table 4. Cut-off Values of ROTEM Parameters Classified by Hematocrit during CPB Rewarming to Predict Thrombocytopenia and Hypofibrinogenemia

after CPB Weaning
ROTEM Hematocrit Cutoff Sensitivity Specificity PPV~ NPV~ AUC SE 95% CI  zstatistic ~ P*

Platelets EXTEM A10 <25% <43 76.7 81.8 920 563 0.798 0.0936 0.644-0.907  3.190 0.0014
<100,000 /ul = 25% <42 77.6 66.7 852 545 0.745 0.0601 0.645-0.829 4.079  <0.0001
EXTEM MCF <25% <54 86.7 63.6 86.7 63.6 0.774 0.0980 0.617-0.890  2.798 0.0051
=25% <50 66.2 67.9 833 452 0.705 0.0602 0.603-0.793  3.396 0.0007
PLTEM A10 <25% <33 70.0 81.8 91.3  50.0 0.752 0.108 0.592-0.873  2.325 0.0201
=25% <33 85.1 66.7 864 643 0.815 0.0535 0.721-0.887 5.876  <0.0001
PLTEM MCF <25% <44 86.7 54.6 839 60.0 0.686 0.112 0.523-0.822  1.661 0.0967
>25% <42 85.3 57.1 829 615 0.757 0.0558 0.658-0.838 4.597  <0.0001
Fibrinogen FIBTEM A10 <25% <10 88.9 65.2 66.7 882 0.842 0.0609 0.694-0.937 5.614  <0.0001
<150 mg/dl >25% <9 79.1 73.6 70.8 812 0.854 0.0372 0.767-0.918 9.514  <0.0001
FIBTEM MCF <25% <10 83.3 69.6 682 842 0.848 0.0590 0.701-0.941 5.899  <0.0001
>25% <9 68.2 86.8 81.1 767 0.848 0.0384 0.761-0.913  9.078  <0.0001

CPB: cardiopulmonary bypass, PPV: positive predictive value, NPV: negative predictive value, AUC: area under the curve, SE: standard error, CI:

confidence interval. *Comparison to AUC of 0.5.
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Platelet count < 100,000/pl

100 A
80 -
2 60
=
=
(2]
o
o 40
—— EXTEMA10 (Hct > 25%)
—— EXTEM MCF (Hct > 25%)
—— PLTEM A10 (Hct > 25%)
20 - —— PLTEM MCF (Hct > 25%)
EXTEM A10 (Hct < 25%)
—— EXTEM MCF (Hct < 25%)
PLTEM A10 (Hct < 25%)
0 —— PLTEM MCF (Hct < 25%)
T

0 20 40 60 80 100
100-Specificity

Jietal.

Fibrinogen level < 150 mg/dl
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Fig. 1. Receiver-operating characteristic (ROC) curves of EXTEM and PLTEM for thrombocytopenia and FIBTEM for hypofibrinogenemia when the

hematocrit levels were < 25% or > 25%.

fibrinogen levels (r = 0.770 and r = 0.749, respectively; P < 0.0001
for both values) after weaning of CPB. The results for all ROC
curve analyses to assess the predictive value of ROTEM tests
during CPB rewarming for thrombocytopenia and hypofibrino-
genemia after weaning of CPB in the two subgroups are shown
in Table 4. Discriminative abilities of ROTEM parameters be-
tween the high and low hematocrit level groups are shown in
Fig. 1. The AUCs of EXTEM A10/MCF and PLTEM A10/MCF
for thrombocytopenia did not differ in the subgroup of patients
with a hematocrit level < 25% (A10 = 0.80 and MCF = 0.77 on
EXTEM, and A10 = 0.75 and MCF = 0.69 on PLTEM) or > 25%
(A10 = 0.75 and MCF = 0.71 on EXTEM, and A10 = 0.82 and
MCEF = 0.76 on PLTEM). The AUCs of FIBTEM A10/MCEF for
hypofibrinogenemia were also comparable in the subgroup of
patients with a hematocrit level < 25% (A10 = 0.84 and MCF =
0.85) or > 25% (A10 = 0.85 and MCF = 0.85).

Discussion

We have here demonstrated that the A10 and MCF of EX-
TEM, PLTEM, and FIBTEM during CPB rewarming correlates
well with platelet counts and fibrinogen levels after CPB wean-
ing. Hence, these measurements could be useful for predicting
clinically relevant thrombocytopenia and hypofibrinogenemia
events after CPB weaning. Furthermore, the ability of ROTEM
parameters to predict thrombocytopenia and hypofibrinogen-
emia after CPB weaning was comparable, regardless of the he-
matocrit concentrations during CPB rewarming.

Bleeding is a major complication in cardiac surgery with
CPB, and excessive bleeding after CPB weaning and inadequate
blood transfusion is associated with poor outcomes [2,3,19,20].
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Thus, earlier detection and correction of coagulopathies may
be important for improving patient outcomes [21]. Although
few data are available [11-13,22,23], we speculate that coagula-
tion monitoring during CPB could provide an estimation of
coagulopathies after CPB, and could help guide hemostatic
interventions after CPB. Indeed, because of the time required
for preparing hemostatic blood products, including platelet
concentrates or cryoprecipitates, early detection and prediction
of coagulopathy before CPB weaning can spare a considerable
amount of time and result in the more effective use of hemo-
static blood products. However, the need for heparinization
during the CPB can affect the results of conventional laboratory
tests and ROTEM tests [13-15]. Gertler et al. [14] examined
the in vitro effects of heparin levels on conventional laboratory
tests and ROTEM. They found that high heparin concentrations
can significantly alter fibrinogen values as well as the results of
EXTEM and FIBTEM test. However, another recent study has
shown that HEPTEM and EXTEM are valid in the presence of
high heparin levels and can be performed to evaluate hemostasis
before protamine administration in patients undergoing cardiac
surgery with CPB [13]. Thus, even though the use of these tests
during CPB is recommended, the reliability of ROTEM in the
presence of a high concentration of heparin is still controversial.

In our current study, the A10 and MCF of EXTEM and
FIBTEM correlated with platelet counts and fibrinogen levels
both during CPB rewarming and after weaning of CPB. Further-
more, our findings show that EXTEM, PLTEM, and FIBTEM
during CPB rewarming also correlated well with platelet counts
and fibrinogen levels after CPB weaning, and these tests dur-
ing the CPB are useful for predicting coagulopathies after CPB
weaning. Our data are in agreement with previous ROTEM
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studies in cardiac surgery with CPB. In a previous study of car-
diac surgery with CPB, A10 and MCF on EXTEM and FIBTEM
showed robust correlations with platelet counts and fibrinogen
levels during the procedure [22,23]. Other studies have also
suggested that A10 and MCF on EXTEM and FIBTEM during
CPB could be used to guide the transfusion of platelets and fi-
brinogen concentrates [11,12]. These findings strongly support
the notion that the use of ROTEM during CPB could allow for
the earlier detection of coagulopathies after CPB and could thus
help guide the more effective and prompt use of hemostatic
blood products, such as platelet concentrates or cryoprecipitates,
after CPB weaning.

The relationships between ROTEM parameters and conven-
tional laboratory tests, including platelet counts and fibrinogen
levels, can be affected by changing hematocrit levels altered by
hemorrhage and hemodilution during CPB. Previous studies
have reported that MCF values on EXTEM and FIBTEM were
higher with decreasing hematocrit levels, and a lower hema-
tocrit showed a better correlation between MCF on FIBTEM
and plasma fibrinogen levels [18,24,25]. Similarly, our present
results show that the A10 and MCF values on FIBTEM during
CPB that predict hypofibrinogenemia after CPB in the low he-
matocrit group were higher than those in the high hematocrit
group. Additionally, a stronger correlation was shown between
FIBTEM values during the CPB and fibrinogen levels after the
CPB in the low hematocrit group. Finally, our present findings
also show that the A10 and MCF values on EXTEM and PLTEM
during CPB the predict thrombocytopenia after CPB in the
low hematocrit group were also higher than those in the high
hematocrit group. However, in contrast with FIBTEM, A10 and
MCEF on EXTEM and PLTEM showed a better correlation with
platelets in the high hematocrit group than in the low hemato-
crit group. Although we do not have a clear explanation for this
finding, it may be a consequence of the heparinization status or
the different sample times between EXTEM and platelets [15].
Further studies are warranted to better investigate this potential
association.

We here used the PLTEM value as a calculating parameter by
subtracting FIBTEM from EXTEM to distinguish thrombocy-
topenia from hypofibrinogenemia. The EXTEM test, which has
been performed to guide the transfusion of platelet concentrates,
can be influenced by at least two substrates, platelet count and
fibrinogen level [11,12]. Therefore, when the values of A10 and
MCF on EXTEM are reduced in both thrombocytopenia and
hypofibrinogenemia, distinguishing them clearly and preparing
adequate blood components is difficult. With PLTEM, the influ-
ence of fibrinogen on EXTEM can be eliminated, so PLTEM
has appeared to be more accurate in estimating platelet counts
and thrombocytopenia than EXTEM alone [16]. Along with
FIBTEM, which provides an acceptable guide for the transfu-
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sion of fibrinogen-rich products [22], the implementation of
PLTEM may be an important new parameter in cardiac surgery
with CPB. Similar to the findings of a previous study [16], we
found in our current that A10 and MCF on PLTEM were well
correlated with platelet count, both during and after CPB, and
the AUCs of PLTEM were higher than the AUCs of EXTEM at a
threshold of 100,000 /pl.

We further found in our present investigation that the
threshold levels of A10 and MCF on FIBTEM values during the
CPB were 8 and 9 mm, respectively, for predicting a fibrinogen
concentration < 150 mg/dl after CPB. Additionally, the thresh-
old levels of A10 and MCF on both EXTEM and PLTEM during
CPB for predicting platelet counts < 100,000 /ul after CPB were
42 and 53 mm, and 33 and 44 mm, respectively. Although plate-
let counts of < 100,000 /ul and a fibrinogen concentration of
< 150 to 200 mg/dl were used as thresholds of thrombocytope-
nia and hypofibrinogenemia in our current study, and have been
generally used as transfusion thresholds by others [11,12,26],
there is currently no consensus regarding the thresholds of
thrombocytopenia and hypofibrinogenemia for transfusion de-
cisions in cardiac surgery. Thus, our ROTEM cut-off values for
transfusion should be adjusted to the desired transfusion thresh-
olds before applying them to transfusion management strategies
in patients undergoing cardiac surgery with CPB.

Our study had some limitations. First, it was a retrospective
and single-center study, so there might have been some observa-
tion and selection biases. Second, during surgery we used syn-
thetic colloids, such as 6% hydroxyethyl starch 130/0.4, which
are known to affect ROTEM parameters [27]. Thus, our data
should be interpreted with caution. Third, because platelet dys-
function during cardiac surgery cannot be detected by ROTEM
tests, performing platelet function tests in addition to ROTEM
tests would be helpful. Finally, heparin concentrations during
CPB were not measured in our current analyses. Although it has
been reported that the average heparin concentration during
CPB usually is maintained between 1.3 and 7.8 IU/ml in adults
[13,28], we cannot exclude the possibility of the presence of very
high heparin levels. Thus, the use of high doses of heparin dur-
ing CPB should be taken into consideration when interpreting
our findings.

In conclusion, our current findings show that A10 and MCF
of EXTEM, PLTEM, and FIBTEM during CPB rewarming may
be useful for predicting thrombocytopenia and hypofibrino-
genemia after CPB weaning. Further studies to assess both the
threshold levels of ROTEM parameters during CPB rewarming
to predict clinical bleeding and the effect on clinical outcomes of
the transfusion protocol using ROTEM parameters during CPB
rewarming are warranted.
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