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Background: Thromboelastography (TEG) provides comprehensive information on the
whole blood clot formation phases, whereas thrombin generation assay (TGA) reveals the
endogenous thrombin levels in plasma. We investigated the potential significance of TEG
and TGA parameters for prediction of clinical bleeding in hematologic patients on the ba-
sis of the patient’s platelet levels.

Methods: TEG and TGA were performed in 126 patients with thrombocytopenia or hema-
tologic malignancies. The bleeding tendencies were stratified on the basis of the World
Health Organization bleeding grade.

Results: Maximum amplitude (MA) and clot formation in TEG and endogenous thrombin
potential (ETP) in TGA showed significant associations with high bleeding grades
(P=0.001 and P=0.011, respectively). In patients with platelet counts <10x 10%L, low
MA values were strongly associated with a high bleeding risk. For bleeding prediction, the
area under the curve (AUC) of MA (0.857) and ETP (0.809) in patients with severe throm-
bocytopenia tended to be higher than that of platelets (0.740) in all patients. Patients with
platelet counts <10x 10%L displayed the highest AUC of the combined MA and ETP
(0.929).

Conclusions: Both TEG and TGA were considered to be good predictors of clinical bleed-
ing in patients with severe thrombocytopenia. Combination of the ETP and MA values re-
sulted in a more sensitive bleeding risk prediction in those with severe thrombocytopenia.
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INTRODUCTION

Hemorrhage is a major complication of hematologic malignan-
cies and diseases involving thrombocytopenia [1]. Severe
thrombocytopenia in the range of below 10x10%L or below
20x 10%L is usually a major bleeding determinant [2, 3]. How-
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ever, the sensitivity and specificity of platelet count for bleeding
prediction are suboptimal, although it is a rapid, inexpensive,
and basic laboratory test used for treatment decisions. Contro-
versies remain on the timing of prophylactic platelet transfusion
initiation in patients with severe thrombocytopenia (platelet
counts<20x 10%L, <10x 10%/L, or even<5x10%L) [4]. Not all
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patients with severe thrombocytopenia manifest any bleeding.
On the contrary, some patients with less severe thrombocytope-
nia suffer from clinically significant bleeding because of other
risk factors, including consumptive coagulopathy affecting co-
agulation and anticoagulation systems and platelet dysfunction
[4]. Treatment is recommended when bleeding extends beyond
the skin manifestations, irrespective of platelet counts, in some
centers [5, 6]. Since a platelet count by itself may underesti-
mate or overestimate the patient’s bleeding risks, the develop-
ment of additional laboratory tests that are rapid and inexpen-
sive and can provide additional information for bleeding predic-
tion independent of the platelet count will be clinically useful.
Assessment of platelet and other coagulation system functions
is necessary to accurately predict the bleeding risk and estab-
lish a consensus management guideline for patients at in-
creased risk of clinically significant bleeding.

Thromboelastography (TEG) is a whole blood coagulation test
that provides comprehensive information on clot initiation, prop-
agation, and fibrinolysis [7]. Previous studies reported that the
maximum clot formation in the TEG is correlated with the plate-
let count and associated with bleeding risk [3, 6-9]. However,
no reports describing an evaluation of coagulation system de-
fects and their association with bleeding risk in hematologic pa-
tients are available.

Adequate evaluation of coagulation defect may be necessary
for bleeding risk assessments and management policies be-
cause hematologic patients can bleed for various reasons, in-
cluding deficiencies of coagulation factors, presence of circulat-
ing inhibitor, and alterations in platelet function and number
[10]. The conventional coagulation tests, including prothrombin
time (PT) and activated partial thromboplastin time (aPTT), are
insufficient for the assessment of bleeding risk [11]. Thrombin
generation assay (TGA), which uses a calibrated automated
thrombogram, can be a good indicator of a patient’s bleeding
condition [12, 13] and plasma levels of many coagulation and
anticoagulation factors [14].

We investigated whether both TEG and TGA were useful in
the prediction of bleeding severity in patients with thrombocyto-
penia or hematologic malignancies. We also measured all coag-
ulation factors and some anticoagulation factors to determine
their contributing effects on TEG and TGA parameters. Addition-
ally, the TEG and TGA parameters that are potentially significant
for bleeding prediction were analyzed on the basis of the pa-
tient’s platelet counts.
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METHODS

1. Study population

We performed TEG and TGA in 126 patients with thrombocyto-
penia or hematologic malignancies who were suspected of hav-
ing a bleeding tendency and visited Seoul National University
Hospital from March 2014 to February 2015. The bleeding ten-
dencies were stratified on the basis of the WHO bleeding grade
[15] at the time of blood sampling. Supplemental Table S1 de-
scribes the bleeding sites. The underlying diseases of the pa-
tients were thrombocytopenia due to immune thrombocytopenia
(ITP) or peripheral consumption (n=62), aplastic anemia (AA;
n=20), and hematologic malignancies (n=44). Considering
that chemotherapy-induced thrombocytopenia has been associ-
ated with increased bleeding risks [1], patients with hematologic
malignancies undergoing chemotherapy were also included
(n=12) as a part of the 44 patients with hematologic malignan-
cies. The hematologic malignancies included MDS (n=16),
AML (n=16), ALL (n=4), and multiple myeloma (MM; n=8).
Patients were stratified on the basis of their platelet counts
(10x 10%L, 20x 10%L, and 50x 10%/L). The underlying diseases
of 13 patients with platelet count<10x 10%L were as follows:
hematologic malignancies (eight patients; four with MDS, three
with AML, and one with MM), ITP (four patients), and AA (one
patient). Samples from 92 patients (73.0%) were collected at
the time of diagnosis and those from 34 patients (27.0%) were
collected during follow-up; from the latter group, 10 (7.9%) un-
derwent chemotherapy. Table 1 shows the clinical and labora-
tory characteristics of patients who were classified based on
their WHO bleeding grades. No significant differences were ob-
served in the age distribution with regard to the WHO bleeding
grade. The group with WHO bleeding grade >2 had more fe-
males than that with WHO bleeding grade of O (P<0.001). This
study complied with the Declaration of Helsinki, and was ap-
proved by the Institutional Review Board of the College of Medi-
cine of Seoul National University, and all of the patients’ sam-
ples were obtained with written informed consent.

2. Blood samples and laboratory analysis

Peripheral venous blood samples were collected in 0.109 mol/L
sodium citrate tube (Becton Dickinson, San Jose, CA, USA).
The plasma was separated through whole blood centrifugation
at 1,550g for 15 min within 1.5 hr after blood collection. The
plasma aliquots were stored at —80°C. The coagulation tests, in-
cluding PT, aPTT, and coagulation factor assays, were per-
formed on an automated coagulation analyzer (ACL 3000; In-
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Table 1. Baseline population characteristics and laboratory results
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i ; WHO bleeding grade
Variables All patients
Grade 0 Grade 1 Grade >2 P value*

N (%) 126 (100) 33(26.2) 66 (52.4) 27 (21.4)
Age, yr (range) 55 (15-93) 57 (19-81) 54 (18-81) 54 (15-93) 0.807
Female/male (%female) 65/61 (51.6) 11/22 (33.3) 32/34 (48.5) 22/5 (81.5) <0.001
Diagnosis (%) 0.324

Thrombocytopenia® 62 (49.2) 19 (57.6) 32 (48.5) 11 (40.7)

Aplastic anemia 20 (15.9) 2(6.1) 11 (16.7) 7(25.9)

Hematologic malignancies' 44 (34.9) 12 (36.4) 23 (34.8) 9(33.3)
WBC (x 10°L) 4.78 (0.35-154.64) 5.44 (0.61-97.49) 4.85(0.98-117.10) 3.30 (0.35-154.64) 0.249
Hemoglobin (g/dL) 11.0 (4.8-17.7) 11 0(4.8-16.3) 12.1 (5.5-17.7) 10 2 (6.4-15.0) 0.438
Platelets (x 10%/L) 43 (2-345) 59 (4-345) 42 (2-250)* 18 (3-93) <0.001
Patients with platelet <130 10%L, N (%) 116 (92.1) 27 (81.8) 62 (93.9) 27 (100.0)* 0.025
Patients with platelet <50 10%/L, N (%) 76 (60.3) 14 (42.4) 40 (60.6) 22 (81.5)* 0.009
Patients with platelet <20x 10%/L, N (%) 31 (24.6) 3(9.1) 12 (18.2) 16 (59.3) <0.001
Patients with platelet <10x 10%/L, N (%) 13(10.3) 1(3.0) 5(7.6) 7(25.9)* 0.009
PT (sec) 11.3 (9.4-18.0) 10.8 (9.5-16.7) 11.6 (9.4-18.0) 11.1(9.8-16.9) 0.04
aPTT (sec) 31.2 (25.1-45.3) 32.2(25.7-45.3) 30.4 (25.2-41.8) 31.2(25.1-41.3) 0.591
Fibrinogen (mg/dL) 265.2 (47.4-739.7) 285.3 (145.2-708.0) 252.6 (47.4-739.7) 265.8 (176.9-492.6) 0.118
FIl (%) 93.3(21.1-157.7) 96.4 (32.1-147.9) 93.3 (41.6-157.7) 92.4(63.5-135.3) 0.927
FV (%) 107.5 (35.3-305.2) 121.7 (52.8-240.7) 101.5 (35.3-202.1) 107.9 (43.3-305.2) 0.086
FVII (%) 94.4 (26.8-176.2) 96.7 (39.0-134.5) 93.3(26.8-176.2) 95.3 (38.2-148.8) 0.601
FVIIl (%) 117.5 (58.4-249.5) 133.9 (62.5-200.9) 110.9 (58.4-249.5) 108.9 (69.2—163.4) 0.079
FIX (%) 114.6 (48.7-341.1) 121.8 (48.7-150.7) 113.6 (48.7-341.1) 111.8 (51.1-185.9) 0.233
FX (%) 90.5 (29.0-158.5) 93.3(29.0-131.4) 88.4 (40.6-158.5) 88.7 (57.3-136.8) 0.488
FXI (%) 88.8 (19.3-217.6) 93.3(37.3-130.8) 88.4 (19.3-217.6) 87.1(63.3-135.9) 0.557
FXII (%) 70.2 (25.1-199.4) 67.3 (25.1-163.4) 68.8 (27.7-199.4) 71.1(25.4-153.7) 0.956
AT (%) 90.1(19.7-146.9) 97.6 (37.4-121.9) 91.4(19.7-141.2) 92.5 (56.1-146.9) 0.904
Protein C (%) 101.6 (33.3-209.3) 104.0 (55.6-155.2) 102.6 (33.2-168.9) 99.2 (57.9-209.3) 0.943
Protein S (%) 88.4 (23.4-179.8) 88.4 (39.5-138.2) 88.7 (23.4-179.8) 86.4 (57.3-125.4) 0.926
Plasminogen (%) 92.4 (25.4-142.0) 92.7 (55.0-119.4) 93.9 (34.5-129.7) 92.4 (25.4-142.0) 0.737
D-dimer (IU/mL) 0.24 (0-28.15) 0.23 (0.04-22.65) 0.25 (0-28.15) 0.30 (0.03-4.98) 0.533
Thromboelastography

Reaction time, R (min) 6.2 (2.1-11.2) 6.0 (3.6-9.7) 8(23-11.2) 7.0 (2.1-10.2) 0.19

Coagulation time, K (min) 2.6 (0.8-13.9) 2.2 (0.8-13.9) 6(1.0-13.8) 3.5(1.1-8.9) 0.003

Angle, o (degree) 57.4 (16.7-81.3) 60.8 (20.8-81.3) 58 5((16.7-74.7) 53.8 (36.8—74.4) 0.234

MA (mm Hg) 472 (6.2-78.0) 52.9 (6.2-78.0) 48.1(17.4-76.7) 39.8(19.2-67.1) 0.001

LY30 (%) 0(0-2.4) 0(0-1.0) 0(0-2.4) 0(0-1.9) 0.27

Cl (mm) -2.6 (-11.7-4.1) -12(-11.7-4.1) —2.4(-11.5-3.9) —4.3 (-9.4-3.8)* 0.006
Thrombin generation assay

Lag time (min) 4.7 (1.8-15.6) 4.7 (2.0-11.9) 4.9 (1.8-12.9) 4.9 (2.8-15.6) 0.772

Time to peak (min) 9.0 (3.7-18.9) 8.2 (3.7-16.7) 9.1(3.9-16.9) 9.7 (5.9-18.9) 0.426

ETP (nM-min) 554.6 (85.1-1,962.8)  685.5(145.2-1,962.8)  542.6 (85.1-1,282.5)*  502.0 (138.9-954.6)" 0.011

Most of the continuous variables did not show normal distributions except FX, AT and MA; therefore, continuous variables are presented as median (range)

and number (percentage) for continuous and categorical variables, respectively.

*P<0.05; 'P<0.005; P values were obtained from the comparison of patients with WHO bleeding grade of 1 or >2 with those with WHO bleeding grade of O
by using Mann-Whitney U and ¥ test for quantitative and categorical variables, respectively, with Bonferroni correction for multiple testing; *P value: Kruskal-
Wallis analysis for continuous variables; SThrombocytopenia included immune thrombocytopenia (n=35) and thrombocytopenia due to peripheral consump-

tion (n=27); "Hematologic malignancies included MDS (n=16), AML (n=16), ALL (n=4), and multiple myeloma (n=8).

Abbreviations: aPTT, activated partial thromboplastin time; AT, antithrombin; Cl, coagulation index; ETP, endogenous thrombin potential; F, factor; MA, maxi-

mum amplitude; LY, lysis; PT, prothrombin time; WBC, white blood cell.

486

https://doi.org/10.3343/alm.2017.37.6.484



Kim SY, et al.
TEG and TGA for bleeding prediction

strumentation Laboratory SpA, Milan, Italy). The coagulation
factors were assessed with a PT-based clotting assay using He-
moslL RecombiPlasTin reagent for Fll, FV, FVII, and FX (Instru-
mentation Laboratory SpA) and an aPTT-based clotting assay
using SynthASil reagent for FVIII, FXI, FXI, and FXII (Instrumen-
tation Laboratory SpA). Antithrombin and protein C were deter-
mined using chromogenic assays (Stachrom AT Il and Sta-
chrom Protein C; Diagnostica Stago, Inc., Parsippany, NJ, USA).
Platelet and white blood cell counts were determined by using a
Sysmex XE-2100 analyzer (Sysmex Corp., Kobe, Japan).

3.TEG

The TEG was performed on previously described citrated whole
blood samples within 2 hr after blood collection by using a TEG
Analyzer 5000 (Haemonetics Corp., Braintree, MA, USA) based
on the manufacturer’s instructions. Briefly, 20 pL of 0.2M cal-
cium chloride, 20 pL of diluted human tissue factor (TF), and
340 pL of the blood sample, were added to the TEG cup. The
samples were allowed to react for 90 min, and the clot forma-
tion and lysis processes were recorded as a curve. Several pa-
rameters were generated: reaction time (R, min), which repre-
sented the time from the start of the test to the initial clot forma-
tion; coagulation time (K, min), which denoted the time for clot
formation to reach a 20 mm amplitude; angle (a, degree), which
indicated the speed of fibrin buildup; maximum amplitude
(MA), which referred to the maximum strength of the fibrin clot
formation; and LY30, which represented the percentage lysis af-
ter 30 min post-MA. The R, K, a, and MA were measured by
using the TEG 5000 software (Haemonetics Corp.) and incorpo-
rated into a coagulation index (Cl), which was calculated by us-
ing the following equation: Cl=—0.6516R-0.3772K+0.1224MA
+0.07590~7.7922.

4. TGA

Thrombin generation in TF-triggered platelet-poor plasma was
measured by using the calibrated automated thrombogram
method (Thrombinoscope BV, Maastricht, Netherlands) as pre-
viously described [16]. Briefly, 20 uL of reagent containing TF at
a final concentration of 5 pM (PPP Reagent, Thrombinoscope
BV) and phospholipids or thrombin calibrators were dispensed
into each well of round-bottom 96-well plates, followed by the
addition of 80 L of test plasma samples which were collected
and stored as previously described. After the addition of 20 pL
of fluorogenic substrate in HEPES buffer with CaClz, the fluores-
cent signal was read in a Fluoroskan Ascent fluorometer
(Thermo Labsystems Qy, Helsinki, Finland). The thrombin gen-
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eration curves were subsequently calculated by using a dedi-
cated software (Thrombinoscope BV). These curves were evalu-
ated by using the parameters that described the initiation, prop-
agation, and termination phases of thrombin generation, that is,
lag time, endogenous thrombin potential (ETP), and peak throm-
bin concentration (i.e., peak thrombin), respectively.

5. Statistical analysis

The data were compared by using the Mann-Whitney U test
and Kruskal-Wallis analysis for quantitative variables and the ¥
test for categorical variables. Bonferroni correction for multiple
testing was used to compare two variables among multiple vari-
ables. Multiple linear regression analyses were performed to in-
vestigate the individual determinants of TEG and TGA parame-
ters. Logistic regression analyses were conducted to determine
the odds ratios (ORs) for significant bleeding prediction. The
ROC curves for determining WHO bleeding grade >2 were plot-
ted for platelet counts and TEG and TGA parameters, and used
to calculate the area under the curve (AUC). The statistical sig-
nificance of the AUCs of two independent ROC curves was esti-
mated through chi-square distribution using AUCs and their
standard errors [17]. All analyses were conducted by using
SPSS version 20.0 software (SPSS Inc., Chicago, IL, USA). The
level of significance was set at P<0.05. When multiple hypothe-
sis testing was performed, the P value was adjusted through
Bonferroni correction.

RESULTS

1. Parameter changes of TEG and TGA based on bleeding
severity

When platelet counts and coagulation test results were com-
pared according to the WHO bleeding grades, patients with
WHO bleeding grades >2 and 1 showed decreased platelet
counts compared with those with WHO bleeding grade of O
(P<0.001 and P=0.024, respectively). No differences in PT,
aPTT, fibrinogen, or various coagulation and anticoagulation
factor levels based on the WHO bleeding grade were found.

In terms of TEG parameters, K tended to be prolonged in pa-
tients with WHO bleeding grade >2 compared with those with
WHO bleeding grade of 0O, although the difference was not sta-
tistically significant (P=0.184) (Fig. 1). K was significantly pro-
longed in patients with WHO bleeding grade >2 compared with
all of those with WHO bleeding grade of O or 1 (P=0.003). The
R and angle were not statistically different on the basis of the
bleeding severity. Patients with WHO bleeding grade >2 showed

487



ANNALS OF
LABORATORY
MEDICINE

(A) 12

10 -

R (min)

WHO grade 0 WHO grade 1 WHO grade >2

80 L n=33
70
(o)
60
50
40
30 |
20 -

10

P=0.001

MA (mm Hg)

WHO grade 0 WHO grade 1 WHO grade >2

Kim SY, et al.
TEG and TGA for bleeding prediction

n=33 n=66 P=0.003
14 + o ®©
12
10 o n=27
= o
E sp
x
o
6 -
o
4 L
2 r o o
o}
0 1 1 1 ]
WHO grade 0 WHO grade 1 WHO grade >2
0 2,500
P=0.011
n=33
2,000 o
= 1500
E
=
a
& 1,000
500

WHO grade 0 WHO grade 1 WHO grade >2

Fig. 1. Thromboelastography results of (A) reaction time (R), (B) coagulation time (K), and (C) maximum amplitude (MA) and (D) thrombin
generation assay results of endogenous thrombin potential (ETP) with respect to WHO bleeding grade. P values are assessed by using Kru-
skal-Wallis analysis for the comparison of WHO bleeding grades. * for P<0.05 and ** for P<0.005 are indicated above each box; the P val-
ues were obtained from the comparison of patients with WHO bleeding grades of 1 or >2 with those with WHO bleeding grade of O using

Mann-Whitney U test with Bonferroni correction for multiple testing.

significantly decreased MA and CI compared with those with
WHO bleeding grade of O (P=0.002 and P=0.011, respectively).
Among the TGA parameters, the ETP value was significantly in-
creased in patients with the WHO bleeding grade >2 compared
with patients with WHO bleeding grade of O (P=0.004). Further-
more, patients with WHO bleeding grade >2 displayed lower
peak thrombin than those with WHO bleeding grade of O
(P=0.008). However, the lag time was not statistically different
on the basis of the bleeding severity.

2. Determinants of TEG and TGA parameters

Multiple linear regression analyses were performed to investi-
gate the contributing effects of the coagulation and anticoagula-
tion factors on the TEG and TGA parameters (Table 2). The R
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value in TEG was significantly determined on the basis of the
platelet counts and antithrombin levels. The significant determi-
nants of the K value were platelet count and fibrinogen, factor
VIl and IX, and antithrombin levels. The angle and MA values
were mainly dependent on the platelet count and fibrinogen
level. The ETPvalue in TGA was primarily affected by fibrinogen,
factor V and XII, and antithrombin levels.

3. Usefulness of TEG and TGA parameters in bleeding prediction
We selected five parameters (MA, K, ETP, platelet count, and
PT) that showed associations with bleeding grade to investigate
whether these parameters were significant bleeding predictors
using a logistic regression model (Table 3). Significant associa-
tions were found between high bleeding grade (WHO grade >2)

https://doi.org/10.3343/alm.2017.37.6.484
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Table 2. Determinants of thromboelastography (TEG) and thrombin generation assay (TGA) parameters using multiple regression analysis

in the total patient population (n=126)

Standardized regression coefficient ()

TEG TGA

R (min) K (min) Angle MA Cl LY30 Lagtime  Peak thrombin ETP
(Adjusted R?) 0.191 0.367 0.282 0.484 0.399 -0.019 0.173 0313 0.333
Platelet (x 10%/L) —0.262¢ —0.2281 0.244 0.525 0.468" 0.225* NA NA NA
Fibrinogen (mg/dL) 0.164 —0.299 0.320 0.385" 0.266" —-0.020 0.104 0.158 0.318°
FIl (%) —0.105 0.066 0.026 0.030 0.038 0.133 -0.020 —0.354° -0.181
FV (%) -0.120 —-0.029 0.070 -0.016 0.041 0.084 0.305 -0.231* -0.179*
FVII (%) -0.071 —0.219* 0.095 0.046 0.159 0.005 -0.166 -0.083 -0.127
FVIII (%) —0.217 —0.176 0.152 0.007 0.192* 0.016 -0.024 0.199* 0.076
FIX (%) —0.001 0.344 —0.205 —0.182 —0.225* —0.138 0.315% -0.148 -0.119
FX (%) 0.200 —0.054 —0.144 —0.029 -0.103 —-0.119 -0.045 0.288" 0.164
FXI (%) —0.117 0.015 —0.118 —0.008 —0.027 0.080 -0.089 0.013 -0.058
FXII (%) —-0.122 —-0.109 0.174 0.104 0.197* —-0.010 —-0.143 0.272 0.248°
AT (%) 0.220* 0.205* —0.104 -0.073 -0.178 -0.097 0.101 -0.134 —0.252"
PC (%) —0.056 0.058 0.133 0.091 0.027 -0.027 0.087 0.020 0.077
PS (%) 0.007 0.117 —0.159 —0.096 —0.055 0.059 -0.044 0.098 0.093

Data are presented as standardized regression coefficients ().
*P<0.05; 'P<0.01.

Abbreviations: AT, antithrombin; Cl, coagulation index; ETP, endogenous thrombin potential; F, factor; K, coagulation time; Ly, lysis; MA, maximum amplitude;

NA, not accessible; PC, protein C; PS, protein S; R, reaction time.

and MA (OR, 0.94; P=0.001), ETP (OR, 0.99; P=0.021), and
platelet count (OR, 0.97; P<0.001) in the total patient popula-
tion. Considering that platelet count was predictive of bleeding
in routine clinical practice, the logistic regression analysis was
repeated after adjustment for the platelet count. The platelet-
adjusted OR of MA was not significant; additionally, that of ETP
was no longer significant in all patients. No association was ob-
served between PT and high bleeding grades.

When patients were stratified on the basis of their platelet
counts (10x10%L, 20x 10%L, and 50x 10%L), MA was signifi-
cantly associated with high bleeding grade (OR, 0.82; P=0.032;
Table 4) in patients with platelet counts<10x109/L. However,
MA was not significantly associated with high bleeding grades
among patients with platelet counts >10x 10%L. Moreover, ETP
was significantly associated with bleeding among patients with
platelet counts of 10-20x 10%/L (OR, 0.99; P=0.048). After ad-
justment for platelet counts, ETP remained a significant parame-
ter for bleeding prediction. No parameters were associated with
bleeding in patients with platelet counts >20x 10%/L.

When the ROC curve was analyzed for the prediction of WHO
bleeding grade >2, the platelet count showed the highest AUC
(0.740), followed by MA (0.718) (Table 4; Fig. 2A, 2B). The pa-
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tients were divided on the basis of their platelet levels, and the
ROC curves of the MA and ETP values were replotted (Fig. 2C,
2D). In patients with platelet counts <10x 10%L, the AUC of MA
was 0.857, which tended to be higher than the AUC of platelet
counts in all patients (AUC 0.740; Fig. 2C), although the AUCs
were not different statistically (P=0.347). Using the MA cutoff
value of <34.4 mm Hg, which was the value considered to pro-
duce the highest level of diagnostic accuracy, significant bleeding
was predicted with a sensitivity and specificity of 85.7% and
83.3%, respectively, in patients with platelet counts <10x 10%L.
However, in patients with platelet counts >10x 10%L, the AUC of
MA was not significant for bleeding prediction. Likewise, patients
with platelet counts <10x 10%L had higher AUC values of ETP
compared with those with platelet counts >10x 10%L (Fig. 2D).
In patients with platelet counts 10-20x 10%L, the AUC of ETP
was 0.790. When MA was combined with ETP in the total patient
population (Fig. 2E, 2F), the AUC of the combined MA and ETP
in patients with platelet counts <10x10%L was 0.929, which
was significantly higher than the AUC of platelet counts in all pa-
tients (P=0.033) (Fig. 2F).
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Table 3. Logistic regression analysis results of laboratory parameters for bleeding prediction

Kim SY, et al.
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WHO bleeding grade Logistic regression analysis
Variables . . . Unadjusted odds Adjusted odds ratio*
Grade >2 Grade O or 1*  Pvalue ratio (95% Cl) P value (95% Cl) P value
Total patients (n=126)
MA (mm Hg) 39.8(19.2-67.1) 49.1(6.2-78.0) <0.001 0.94(0.91-0.98)  0.001 0.97 (0.93-1.02) 0.217
K (min) 3.5(1.1-8.9)  2.4(0.8-13.9) 0.003 1.14(0.96-1.36)  0.119 1.04 (0.87-1.25) 0.632
ETP (nM-min) 502 (139-955) 576 (85-1,963)  0.018 0.99(0.99-1.00)  0.021 0.99 (0.99-1.00) 0.101
Platelet (x 10%/L) 18(3-93) 48 (2-345) <0.001 0.97 (0.95-0.99) <0.001 NA NA
PT (sec) 11.1(9.8-16.9) 11.4(9.4-18.0) 0.179 0.83(0.59-1.12)  0.257 0.85(0.58-1.18) 0.378
Patients with platelets <10x 10° (n=13)
MA (mm Hg) 29.7(19.243.0) 40.0(30.5-47.2) 0.032 0.82 (0.63-0.99) 0.032 0.30 (<0.01-0.98) 0.03
K (min) 4.2(1.2-8.9) 2.6(1.1-3.2) 0.109 1.97(0.93-7.15  0.095 1.81(0.88-9.67) 0.143
ETP (nM-min) 492 (139-531) 612 (449-842) 0.063 0.99(0.96-1.00)  0.032 0.99 (0.96-1.00) 0.075
Platelet (x 10%/L) 7(3-9) 7(2-9) 0.563 1.15(0.69-2.00)  0.66 NA NA
PT (sec) 11.0(10.5-12.9) 11.4(10.9-12.6)  0.352 0.80(0.17-3.58)  0.799 0.82 (0.19-3.05) 0.752
Patients with platelets 10-20x 10° (n=18)
MA (mm Hg) 39.3(26.6-58.8) 36.7 (23.0-65.0)  0.566 1.01(0.94-1.09)  0.783 1.01(0.93-1.09) 0.871
K (min) 3.9(1.9-8.0) 3.7(2.1-13.9) 0.965 0.85(0.61-1.12)  0.281 0.83(0.57-1.11) 0.26
ETP (nM-min) 278 (204-840) 629 (234-736) 0.038 0.99(0.98-1.00)  0.046 0.99 (0.98-1.00) 0.048
Platelet (x 10%/L) 18 (11-19) 14 (11-19) 0.563 1.13(0.83-1.57) 0477 NA NA
PT (sec) 11.0(10.0-16.9) 12.1(10.4-13.3)  0.353 0.91(0.50-1.60)  0.787 0.92 (0.52-1.63) 0.756
Patients with platelets 20-50 x 10° (n =45)
MA (mm Hg) 41 8 (31.0-60.3) 46 4 (6.2-65.5) 0.229 0.98 (0.91-1.06)  0.526 0.98 (0.92-1.05) 0.516
K (min) 0(1.6-5.8) 9(1.2-13.8) 0.226 1.11(0.78-1.57)  0.422 1.09 (0.77-1.54) 0.475
ETP (nM-min) 527 (293-644) 588 (85-1,282)  0.292 1.00(0.99-1.000  0.382 0.99 (0.99-1.00) 0.37
Platelet (x 10%/L) 42 (31-43) 36 (21-50) 0.738 1.03(0.93-1.15)  0.643 NA NA
PT (sec) 11.3(9.8-11.6) 11.3(10.0-17.3)  0.604 0.59(0.15-1.42)  0.364 0.62 (0.17-1.43) 0.407
Patients with platelets >50x 10° (n=50)
MA (mm Hg) 47 3(40.8-67.1) 56.4(36.9-78.0)  0.265 0.94 (0.84-1.04)  0.286 0.98 (0.85-1.13) 0.802
K (min) 9(1.1-4.1) 2.2 (0.8-5.5) 0.237 1.45(0.61-3.26)  0.371 1.11(0.38-2.94) 0.818
ETP (nM-min) 771 (573-955) 553 (145-1,963)  0.169 1.00(0.99-1.000  0.412 1.00 (0.99-1.01) 0.143
Platelet (x 10%/L) 64 (55-93) 73 (51-345) 0.293 0.98(0.92-1.01)  0.181 NA NA
PT (sec) 11.0(10.1-12.9) 11.4(9.4-18.0) 0.605 0.80(0.37-1.38)  0.566 0.85 (0.42-1.40) 0.705

*Most of the continuous variables did not show normal distributions except MA, therefore, variables are presented as median (range); 'P value: Mann-Whit-
ney U test for results obtained from patients with WHO bleeding grade >2 or those with WHO bleeding grade of O or 1; *Platelet count was adjusted.
Abbreviations: Cl, confidence interval; ETP, endogenous thrombin potential; MA, maximum amplitude; K, coagulation time; PT, prothrombin time.

Table 4. Diagnostic performance of laboratory parameters for the prediction of WHO bleeding grade >2

Cutoff Sensitivity (%)* Specificity (%)* PPV NPV AUC (P value)
MA <40.8 mm Hg 59.3 (40.7-77.8) 80.8 (73.1-88.6) 45.7 87.9 0.718 (<0.001)
K >2.5 min 77.8 (62.1-93.5) 53.5 (43.7-63.4) 32.8 81.5 0.693 (0.002)
ETP <573 nM-min 74.1(57.5-90.6) 50.5 (40.7-60.4) 29.3 89.3 0.651 (0.014)
Platelet <19x10%L 59.3 (40.7-77.8) 84.8(77.8-91.9) 51.6 88.4 0.740 (<0.001)
PT <11.3sec 70.4 (53.2-87.6) 51.5 (41.7-61.4) 213 86.4 0.586 (0.163)

The cutoff values referred to the values producing the best diagnostic accuracy.
*Sensitivity and specificity are presented with 95% confidence intervals within the parenthesis.
Abbreviations: AUC, area under the concentration curve; ETP, endogenous thrombin potential; K, coagulation time; MA, maximum amplitude; NPV, negative

predictive value; PPV, positive predictive value; PT, prothrombin time.
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Fig. 2. ROC curve and the area under the ROC curve (AUC) for (A) maximum amplitude (MA), (B) MA based on various platelet levels, (C)
endogenous thrombin potential (ETP), (D) ETP based on platelet levels, (E) MA and ETP, and (F) MA and ETP based on platelet levels

used to predict high bleeding tendency (WHO bleeding grade >2).

DISCUSSION

This study demonstrated the usefulness of TEG and TGA as
bleeding predictors in patients with thrombocytopenia or hemato-
logic malignancies (Table 4). MA in the TEG and ETP in the TGA

https://doi.org/10.3343/alm.2017.37.6.484

were significant markers for bleeding on the basis of the logistic
regression analysis result. However, the AUC values of MA or ETP
for bleeding prediction were lower than that of the platelet count
in the total patient population (Fig. 2). Interestingly, the AUC val-
ues of MA or ETP in patients with platelet counts <10x10%L
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were higher than that of the platelet count in all patients (Fig. 2C,
2D). This finding suggested the potential benefit of the TEG or
TGA on bleeding prediction in severe thrombocytopenia. Using
these tests, a more intensive treatment approach can be applied
in patients for whom it is difficult to determine whether platelets
should be transfused depending solely on the platelet count.
Similar to our results, a significant correlation between some TEG
parameters and bleeding has been reported in two other studies
[3, 6]. The most sensitive TEG parameter reflective of bleeding
risks was MA in these studies. In our results, the MA level was
significantly dependent on platelet counts and fibrinogen levels.
Considering that MA was a significant bleeding predictor in pa-
tients with platelet counts <10x 10%/L, a low fibrinogen level may
have an additional effect on the bleeding risk. As shown in Sup-
plemental Table S2, a lower fibrinogen level can be found in pa-
tients with platelet counts <10x 10%L and high bleeding scores,
although this finding is not statistically significant.

We measured both TGA and TEG because the plasma levels
of coagulation and anticoagulation factors, as well as platelet
counts, were important for adequate hemostasis. The ETP value
in the TGA represents the global thrombin amount that can be
generated by all coagulation and anticoagulation factors [14].
Our results showed that patients with a bleeding grade >2 had
decreased ETP level, which was significantly associated with
bleeding in patients with platelet counts <20x 10%L (Table 4).
These findings suggested that patients with severe bleeding
tended to have low global thrombin levels. When the MA value
was combined with the ETP, the AUC value (0.929) was mark-
edly increased in patients with platelet counts <10x 10%L (Fig.
2). This result indicated that the coagulation and anticoagula-
tion factor status represented by the ETP value provided addi-
tional information on the bleeding tendency. This finding may
offer a potential rationale for other therapeutic approaches, in-
cluding recombinant activated factor VII (rFVlla) and fresh fro-
zen plasma, in addition to platelet transfusion when both TEG
and TGA parameters are significantly reduced. A previous study
revealed that rFVlla was an efficient treatment option for bleed-
ing in patients with chemotherapy-induced thrombocytopenia
and hematologic malignancies [18]. Additionally, rFVlla was
found to accelerate thrombin generation in those with thrombo-
cytopenic conditions [19].

Our results also revealed the contributing effects of the indi-
vidual coagulation and anticoagulation factors on TEG parame-
ters. The R value was significantly determined by platelet count
and antithrombin level, but it was not affected by other coagula-
tion factors. However, the R value has been prolonged in defi-
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cient states of coagulation factors Il, VII, X, and XllI, and fibrino-
gen [20]. This previous study used the selective factor-deficient
plasma with normal levels of other coagulation factors, whereas
our study used whole blood from patients, which included vari-
ous coagulation factor levels. Our results showed that the R
value measured in the whole blood from patients did not exactly
reflect the global hemostatic state exerted by all coagulation and
anticoagulation factors.

This study had several limitations. First, we studied a broad
range of underlying diseases. Considering that clinicians fre-
quently check patients with thrombocytopenia due to various
causes in the clinic and those with treated or untreated hemato-
logic malignancies who also present with frequent bleeding prob-
lems, we enrolled a study population with various degrees of
bleeding potential. We further analyzed the association between
TEG and TGA parameters and bleeding risk in two separate
populations (hematologic malignancies and acquired thrombo-
cytopenia). As shown in supplemental Tables S3 and S4, the
MA and K values remained to be significant bleeding predictors.
In addition, to investigate the predicting availability of TEG and
TGA for actual bleeding, it is recommended to follow up and
monitor patients. Instead, in the present study, the bleeding risk
was evaluated by using WHO bleeding risk grade cross-section-
ally at a time point, which might underestimate patients’ real
bleeding events. Furthermore, this study did not investigate the
immature platelet fraction, which has been implicated as a sig-
nificant bleeding marker [3, 6]. Finally, the number of patients
was small after the stratification based on the platelet counts,
with only 13 patients included in the group with platelet counts
<10x 10%L. Therefore, the statistical significance is limited. To
obtain conclusive results, the analysis of a larger number of pa-
tients may be needed.

In summary, MA alone was less sensitive than platelet counts
as bleeding predictor in the total patient population. However,
MA was a powerful marker for bleeding prediction in the sub-
group analysis of patients with severe thrombocytopenia. When
MA was combined with ETP, bleeding was most effectively pre-
dicted in patients with severe thrombocytopenia. Therefore,
comprehensive TEG and TGA assessment may be more predic-
tive of bleeding risks than platelet counts alone. Our data sug-
gest that the TEG and TGA may have additional benefits on the
assessment of bleeding risk in patients with severe thrombocy-
topenia. A reduced ETP value of TGA in severe thrombocytope-
nia may provide a rationale for other therapeutic approaches,
such as rFVlla or coagulation factor replacement, in addition to
platelet transfusion.
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