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The role of thromboelastography in predicting
hemorrhage risk in patients with leukemia
Hang-xing Bao, MDa, Jing Du, MDc, Bing-yu Chen, MDb,∗, Ying Wang, PhDb,∗

Abstract
This study aimed to compare the efficacy of thromboelastography (TEG) and conventional coagulation methods in predicting
hemorrhage risk in patients with leukemia.
A total of 226 patients diagnosed with leukemia were included and divided into bleeding and nonbleeding groups. All patients had

their blood samples taken for TEG test to measure the reaction time (R time), alpha (a angle), and maximum amplitude (MA) as well as
measure platelet count (PLT), prothrombin time, and activated partial thromboplastin time. Patients were followed up for bleeding
episodes.
The multivariate analysis showed that PLT [odds ratio (OR)=0.993] and MA (OR=0.921) have better association with bleeding

risk. Receiver operating characteristic (ROC) analysis showed that the combination of PLT and MA (AUC=0.824) was better for
hemorrhage risk prediction than PLT [area under the curve (AUC)=0.730] and MA (AUC=0.819) alone.
The combination of TEG and conventional coagulation methods could help in assessing the risk of hemorrhage in patients with

leukemia.

Abbreviations: ALL = acute lymphoblastic leukemia, AML = acute myeloid leukemia, aPTT = activated partial thromboplastin
time, CIs = confidence intervals, CLL = chronic lymphocytic leukemia, CML = chronic myeloid leukemia, MA =maximum amplitude,
PLT= platelet, PT= prothrombin time, R time= reaction time, ROC= receiver operating characteristic, TEG= thromboelastography.
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1. Introduction

The presenting symptoms of leukemia include bruising or
bleeding due to thrombocytopenia, pallor and fatigue from
anemia, and infection caused by neutropenia. The profound
symptom of coagulation changes, such as bleeding and
thrombotic, remains a difficult clinical issue that prevent patients
from surviving even in treatable leukemia.[1] Thus, patients
should be monitored for signs and symptoms to prevent the
occurrence of life-threatening bleeding. Therefore, to reduce the
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risk of bleeding episodes, physicians performed prophylactic
platelet transfusions mainly based on the patients’ platelet count
(PLT). However, there are still debates regarding the use of PLT
as a criterion in making clinical decisions on bleeding in patients
with leukemia. Several clinical trials have shown inconsistencies
between PLC and bleeding episodes in patients.[2–8]

These studies all raised the question whether PLT is indeed the
best indicator of platelet hemostatic function and if there are
other accurate measures that clinicians can use to make decisions
regarding prophylactic platelet transfusions. Conventional
coagulation tests such as full platelet count (PLT), prothrombin
time (PT), activated partial thromboplastin time (aPTT), and
fibrinogen have been more evident that still have limitations.
These tests are all based on a static end-point, reflecting
coagulation indirectly, and were not designed for assessment
of hemostatic integrity in the preoperative period and lacked
accuracy sometimes.[9,10] Thromboelastography (TEG) provides
integrated information on the balance between the 2 components
of coagulation, thrombosis, and lysis, measuring the dynamic
coagulation process from initial clotting cascade to clot
strength.[11–13] This study aimed to assess the association
between TEG and conventional coagulation tests. Here, we
prospectively analyzed the association of TEG and conventional
coagulation tests between 226 leukemia patients before and after
chemotherapy and 328 healthy controls. In addition, we analyzed
the association between TEG and conventional coagulation tests
in the prediction of hemorrhage risk.

2. Materials and methods

This prospective observational pilot study was approved by the
EthicsCommittee ofZhejiangProvincial People’sHospital. A total
of 226 patients admitted at Zhejiang Provincial People’s Hospital
and Zhejiang Provincial Hospital of TCM who were diagnosed
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Table 1

Summary of platelet count, thromboelastography (TEG) para-
meters, and routine laboratory coagulation measures in leukemia
patients with or without bleeding.

Bleeding group (n=38) Nonbleeding group (n=188) P

Age 37.3±10.7 40.9±9.9 .390
Gender (M/F) 23/15 122/66 .585
PLT, ∗109/L 82.3±63.2 124.2±53.1 .001
a-PTT, s 41.8±6.2 38.3±7.3 .027
PT, s 14.4±1.7 13.6±3.3 .572
R, min 7.5±4.1 6.9±1.7 .034
K, min 4.1±7.1 2.2±1.0 .001
a-angle, ° 46.0±10.0 60.2±8.6 .001
MA, mm 41.7±11.7 55.6±6.0 .001

a-PTT= activated partial thromboplastin time, K=clot formation time, MA=maximum amplitude,
PLT= total platelet count, PT=prothrombin time, R= reaction time.
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with leukemia from January 2012 to January 2017 were enrolled
in this study. All of them were inpatients in the hematology
department. This study included 173 men and 53 women, with a
median age of 44 years (range, 12–72 years). Patientswith no clear
diagnosis at the end of the study were excluded.
Moreover, patients with pre-existing bleeding tendencies, who

were receiving anticoagulants or currently taking medication
known to affect hemostasis, and/or who had active bleeding at
the time of recruitment were excluded. All eligible patients had
their blood samples taken for TEG test to measure the reaction
time (R time), alpha (a angle), and maximum amplitude (MA) as
well as measure PLT, PT, and aPTT. Patients were followed up
for bleeding episodes. Bleeding was assessed by clinical
physicians independent to the study.
Patients were divided into bleeding and nonbleeding groups

based on the clinical signs and symptoms. The bleeding group
consists of patients with a bleeding score of >0 according to the
World Health Organization bleeding scale.[14]
2.1. Blood count and coagulation tests

All patients agreed to provide samples to conduct TEG assays,
PLT, and coagulation tests. All samples were collected at the
appropriate time and analyzed within 2hours after collection.
The citrated blood samples were tested and assayed using Sysmex
XE5000 analyzer (Sysmex, Tokyo, Japan). Heparin-anticoagu-
lated samples underwent chemistry tests and assayed using
COBAS INTEGRA 800 biochemical analyzer (Roche, Basel,
Switzerland). aPTTs and PTs were performed using the Sysmex
CS2100i coagulometer with Innovin (Sysmex Europe GmbH,
Norderstedt, Germany).
2.2. Thromboelastography

TEGwas performed by trained biomedical scientists. Testing was
performed on a citrate-treated blood samples and analyzed using
a TEG 5000 thrombelastograph hemostasis system (Hemodyne,
USA) within 5minutes after blood collection. Briefly, 1mL of
citrated blood was added to a kaolin vial and mixed. A 340-mL
aliquot of this mixture was then transferred to a 37° TEG cup
with 20-mL 0.2mol/L calcium chloride. The normal reference
ranges of R, K, a-angle, and MA were 5 to 10minutes, 1 to 3
minutes, 53° to 72°, and 50 to 70mm, respectively.[15]
Table 2

Results of univariate and multivariable analysis of the influence
factor on the bleeding risk in leukemia patients.

Univariate analysis Multivariable analysis

OR 95% CI P OR 95% CI P

Age 0.994 (0.989–1.000) .053 1.001 (0.986–1.015) .940
Gender 0.952 (0.835–1.086) .465 1.048 (0.689–1.593) .825
PLT 0.993 (0.991–0.994) .000 0.979 (0.975–0.983) .000
a-PTT 1.016 (1.007–1.025) .014 1.035 (1.011–1.060) .094
2.3. Statistics

A statistical analysis was performed for all biochemistry data.
Student t test and x2 test were used to assess intergroup
differences. The Fisher exact test was used to assess categorical
parameters. Two-sided P values of <.05 were considered
statistically significant. A logistic regression model was used to
predict associations. Receiver operating characteristic (ROC)
curves were constructed to assess sensitivity and specificity
according to the area under the curve (AUC) and 95% confidence
intervals (95% CIs). All analyses were performed using SPSS for
Windows, Version 19.0 (SPSS, USA).
PT 1.039 (1.011–1.068) .087 1.020 (0.947–1.100) .596
R, min 0.624 (0.607–0.642) .000 1.218 (1.096–1.354) .000
K, min 1.425 (1.338–1.516) .038 1.132 (1.062–1.208) .058
a-angle, ° 0.868 (0.861–0.874) .000 0.986 (0.952–1.022) .053
MA, mm 0.921 (0.917–0.925) .000 0.893 (0.870–0.916) .000

a-PTT= activated partial thromboplastin time, K=clot formation time, MA=maximum amplitude,
PLT= total platelet count, PT=prothrombin time, R= reaction time.
3. Results

Among the 226 patients who were diagnosed with leukemia, 92
had acute lymphoblastic leukemia (ALL), 69 had acute myeloid
leukemia (AML), 42 had chronic lymphocytic leukemia (CLL),
and 23 had chronic myeloid leukemia (CML).
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Among the 226 patients, 44 had clinical bleeding episodes; 38
had WHO grade 1 bleeding, including skin petechiae and
ecchymosis (n=33) and slight vaginal bleeding (n=5); and 6 had
WHO grade 2 bleeding, including epistaxis (n=3), hemafecia
(n=1), hematuria (n=1), and venipuncture bleeding (n=1). All
patients with bleeding episodes did not require transfusion of red
blood cells. Here, we found the patients with bleeding to have
lower PLT, a-angle, andMA values and higher reaction time and
aPTT (P< .05) (Table 1), suggesting an underlying association
with coagulation parameters.
To identify the association between coagulation parameters

and bleeding episodes, among the 3 parameters of conventional
coagulation tests and 4 parameters of TEG tests, univariate and
multivariate analyses were carried out to evaluate the association
of bleeding risk among the 226 patients in this study. We found
that PLT, aPTT, reaction time, K time, a-angle, and MA were all
significantly associated with bleeding risks according to the
results of the univariate analysis. However, only PLT, reaction
time, and MA showed an association with bleeding risks
according to the results of the multivariate analysis (Table 2).
To identify the sensitivity and specificity of parameters in

predicting bleeding risk, ROC curves were generated. For PLT
and MA, the ROC curve showed an AUC of 0.730 (95% CI,
0.692–0.767) and 0.819 (95% CI, 0.786–0.851), respectively.
For aPTT, PT, and reaction time, the ROC curve showed an AUC
of 0.336 (95% CI, 0.299–0.373), 0.334 (95% CI, 0.296–0.372),
and 0.504 (95% CI, 0.451–0.558), respectively. For accurate



Figure 1. The predictive value of PLT, aPTT, PT, R, MA, and PLT+MA for
bleeding risk assessed by ROC curve analysis in patients with leukemia. aPTT
= activated partial thromboplastin time, MA =maximum amplitude, PLT = total
platelet count, PT = prothrombin time, R = reaction time.

Figure 2. The predictive value of PLT, aPTT, PT, R, MA, and PLT+MA for
bleeding risk assessed by ROC curve analysis in leukemia patients with platelet
counts below 20�109/L. aPTT = activated partial thromboplastin time, MA =
maximum amplitude, PLT = total platelet count, PT = prothrombin time, R =
reaction time.
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prediction, we combined PLT and MA, and the ROC curve
showed a higher AUC of 0.824 (95% CI, 0.793–0.855) (Fig. 1,
Table 3).
Approximately 30 of the 226 patients had a low PLT count

(PLT<20 ∗ 109/L). To identify the predictive value of bleeding
episodes in patients with leukemia with low PLT count, the ROC
curve was used for this subgroup. For PLT and MA, the ROC
curve showed an AUC of 0.542 (95% CI, 0.414–0.670) and
0.508 (95% CI, 0.389–0.628), respectively. When PLT and MA
were combined, ROC curve showed a slightly higher AUC of
0.615 (95% CI, 0.494–0.735) (Fig. 2, Table 4).

4. Discussion

This study aimed to evaluate the efficacy of TEG parameters
against conventional hemostatic testing in predicting the clinical
hemorrhage risks in patients with leukemia.
Severe bleeding is a predominant complication in patients with

leukemia. The 5-year survival rate of patients with leukemia with
abnormal coagulation function was lower than that of patients
with normal coagulation function. The causes of bleeding include
thrombocytopenia, platelet dysfunction, decreased coagulation
factor, leukemia cell infiltration, and vascular injury.
Table 3

The predictive value of PLT, a-PTT, PT, R, MA, PLT+MA for
bleeding risk assessed by ROC curve analysis in leukemia patients
with leukemia.

AUC 95% CI

PLT 0.730 0.692–0.767
a-PTT 0.336 0.299–0.373
PT 0.334 0.296–0.372
R 0.504 0.451–0.558
MA 0.819 0.786–0.851
PLT+MA 0.824 0.793–0.855

a-PTT= activated partial thromboplastin time, MA=maximum amplitude, PLT= total platelet count,
PT=prothrombin time, R= reaction time.
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Thrombocytopenia-related bleeding is a predominant cause of
death in most patients with leukemia. Significant efforts were
made to investigate the prognostic markers that can help identify
the vulnerable patients, thus improving the treatment strategies.
The univariate analysis showed that most of the parameters both
in conventional hemostatic testing and TEG were significantly
associated with bleeding risk (P< .05). However, the multivariate
analysis showed that PLT and MA seemed to be the best
parameters for bleeding risk prediction in patients with leukemia.
The cascade model of hemostasis is the base of conventional

coagulation tests, which could only show a static evaluation of
thrombus formation. TEG is based on the cell-based theory of
hemostasis, which considers thrombus formation is a successive
step, including initiation, amplification, propagation, and
termination [10,13,16] Therefore, TEG has become an ideal
monitoring tool for blood transfusion management in severe
surgery, trauma, leukemia, and hemophilia. TEG parameters
provide a rapid and accurate assessment of hemostatic function
and prompt correction of coagulopathy. For example, MA refers
to maximum clot strength, which is significantly associated with
platelet function and fibrinogen.[17,18] In this study, we showed
the strong correlation between PLT and MA, and both are good
indicators for hemorrhage.
Table 4

The predictive value of PLT, a-PTT, PT, R, MA, PLT+MA for
bleeding risk assessed by ROC curve analysis in leukemia patients
with platelet counts below 20∗109/L.

AUC 95% CI

PLT 0.542 0.414–0.670
a-PTT 0.354 0.235–0.473
PT 0.309 0.191–0.427
R 0.390 0.271–0.508
MA 0.508 0.389–0.628
PLT+MA 0.615 0.494–0.735

a-PTT= activated partial thromboplastin time, MA=maximum amplitude, PLT= total platelet count,
PT=prothrombin time, R= reaction time.
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Early in 1962, a landmark study has shown the quantitative
relation between platelet count and hemorrhage in patients with
acute leukemia.[19] An analysis of 90 patients with acute
promyelocytic leukemia also showed that low PLT count is
correlated with death from bleeding.[2,20] For better guide
prophylactic or therapeutic platelet components transfusion,
many countries have published national guidelines to prevent
bleeding or to stop active bleeding.[21,22] It has been in agreement
that a threshold of total amount of platelet above 10�109/L in
patients without other risk factors such as fever or coagulopathy
is safe and accepted.[23] (British Committee for Standards in
Haematology, Blood transfusion Task Force, 2003). However,
the exact correlation of clinical bleeding and PLT count remains
controversial. In addition, there is still lack of the study of the
cutoff value of PLT number for bleeding risk prediction,
especially considering the impact of platelet function. Here, we
focused on the predication effects of TEG parameters in leukemia
patients with lower platelet counts, which is below 20�109/L.
Among the 14 patients with PLT �20�109/L, 12 (85.71%) had
an elevated MA. Compared with all the patients (AUC=0.819),
MA had a lower correlation in predicting bleeding risks in
patients with lower PLT (below 20�109/L) (AUC=0.508). It
was reported that MA had a high specificity but low sensitivity in
predicting bleeding episodes in hematological patients with lower
PLT.[15] However, the combination of PLT and MA had a
synergistic effect on the prediction of bleeding risk, in low PLT
count subgroup (AUC=0.615), but not significantly in all the
patients group (AUC=0.824). These results indicated that TEG
parameters, besides PLT, could reflect not only platelet number
but also platelet function. Therefore, TEG parameters could be
efficient guidelines in predicting hemorrhage and administering
prophylactic platelet transfusions. With carefully monitoring
TEG parameters, physicians could evaluate the severity of the
bleeding risk, reduce the platelet transfusion demand, and reduce
the risks associated with platelet transfusions in turn such as
platelet refractoriness.
We believe that the new strategy that combines TEG and

conventional coagulation tests can better evaluate hemostatic
function and can guide the administration of platelet trans-
fusions. Some limitations of this study were noted, including
lacking fibrinogen and D-dimer levels. Therefore, further studies
regarding prophylactic or therapeutic platelet transfusions based
on conventional coagulation tests and TEG parameters
are needed.
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