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Abstract: Background: Diagnostic tests for early allograft dysfunction (EAD) after living donor
liver transplantation (LDLT) vary widely. We aimed to evaluate the predictive value of rotational
thromboelastometry (ROTEM)-derived parameters in EAD. Materials and Methods: A total of
121 patients were reviewed. The definition of EAD proposed by Olthoff et al. included the presence
of any of the following at postoperative day 7: bilirubin level ≥ 10 mg/dL, INR ≥ 1.6, or serum AST
or ALT levels > 2000 IU/L. All patients underwent ROTEM assay, which consisted of an extrinsically
activated thromboelastometric test (EXTEM) before and 24 h after LDLT. Results: The 1-year/2-year
OS were 68.%8/64.5% and 94.4%/90.8% for the EAD and non-EAD groups, respectively (p = 0.001).
Two independent risks were identified for EAD, the postoperative clotting time (CT, p = 0.026)
and time to maximum clot firmness (maximum clot firmness (MCF)-t, p = 0.009) on the EXTEM.
CT yielded a specificity of 82.0% and negative predictive value of 83.0%, and MCF-t displayed a
specificity of 76.4% and negative predictive value of 81.9% in diagnosing EAD. The use of the 24 h
post-LDLT ROTEM increased the effectiveness of predicting overall survival (OS) compared to using
the Olthoff’s EAD criteria alone (p < 0.001). Conclusion: We conclude that CT and MCF on EXTEM
were independent predictors of EAD. The 24 h post-LDLT ROTEM can be used with conventional
laboratory tests to diagnose EAD. It increases the effectiveness of predicting OS.
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1. Introduction

Early allograft dysfunction (EAD) is a major challenge in liver transplantation (LT),
with an incidence rate ranging from 23.2% to 38.7% [1–3]. EAD indicates that the trans-
planted allograft does not work sufficiently and may lead to subsequent postoperative
complications or even mortality [1,4]. Early identification of EAD is crucial for the im-
plementation of immediate proper treatment [5]. However, the diagnostic tests of EAD
vary widely [1,6,7], and there is a great disparity in the diagnostic period, ranging from
48 h to one week after transplantation. In addition, the definition of EAD uses traditional
parameters such as lactate, bilirubin, transaminases level, and prothrombin time (PT) which
can easily be altered by non-hepatic diseases. Therefore, a more reliable diagnostic tool
is required.

Viscoelastic tests such as thromboelastography and rotational thromboelastometry
(ROTEM) provide a quick and integrated evaluation of the coagulation function, thus
reducing unnecessary blood transfusions. These blood tests provide a sophisticated con-
ception of hemostatic pathways. Clinically, these studies have been used as early indicators
to evaluate coagulopathy, either hyper- or hypo-coagulation. It has been proven that
viscoelastic tests can identify bleeding tendency in patients who are to undergo major
operations [8–10]. ROTEM provides advanced thromboelastography and permits a rapid
and thorough evaluation using a small amount of whole blood [11]. ROTEM-derived
parameters detect early signs of bleeding or liver dysfunction in both intrinsically and

J. Clin. Med. 2021, 10, 3401. https://doi.org/10.3390/jcm10153401 https://www.mdpi.com/journal/jcm

https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0001-6292-7694
https://orcid.org/0000-0001-8830-3679
https://doi.org/10.3390/jcm10153401
https://doi.org/10.3390/jcm10153401
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/jcm10153401
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm10153401?type=check_update&version=1


J. Clin. Med. 2021, 10, 3401 2 of 11

extrinsically activated assays in LT [12–14]. The real allograft function might not be able to
be truly reflected by elevated liver function tests (transaminases), excessive bleeding after
transplant, and the amount of needed blood transfusion, which were considered as possible
signs of EAD [7,8,12]. In the present study, we aimed to evaluate the predictive value of
post-transplant ROTEM-derived parameters on EAD and to validate their relationship
with graft and patient survival.

2. Materials and Methods
2.1. Patient Enrollment

This retrospective and observational study was conducted at Chang Gung Memorial
Hospital, Linkou branch, in Taiwan. We consecutively enrolled living donor liver transplants
(LDLT) between January 2016 and December 2018. We excluded patients on any medication
known to interfere with coagulation function, who had received blood transfusions within
48 h before LT or had a known hemostatic disease other than cirrhosis. Subsequently, we
included 121 patients, who we further stratified into two groups (EAD and non-EAD). The
hospital ethics committee approved this study (CGMH IRB 202001558B0).

2.2. Definition of EAD and Graft Failure

We adopted the definition of EAD proposed by Olthoff et al., which classifies EAD based
on the presence of any of the following: hyperbilirubinemia (>10 mg/dL), prolonged interna-
tional normalized ratio (INR > 1.6) at postoperative day 7, and/or aspartate aminotransferase
(AST) or alanine aminotransferase (ALT) > 2000 IU/L within the first 7 days [2].

The graft failure was defined by post-transplant clinical manifestations of the recip-
ient rather than death or re-transplantation: persistent hyperbilirubinemia > 20 mg/dL,
continuing prolongation of INR > 3.0, refractory encephalopathy with progressive increase
in serum transaminase level > 2500 IU/L.

2.3. Data Extraction and Clinical Outcome Measure

Basic demographics, routine laboratory tests including conventional coagulation tests,
surgical information, and blood product transfusion records were documented. EAD-
associated factors including AST, ALT, serum bilirubin, and international normalized ratio
(INR) levels were checked at least once daily until postoperative day seven. Post-transplant
clinical outcomes including length of stay in the intensive care unit (ICU), complications,
graft survival, and overall survival (OS) rates were analyzed. Postoperative complications
were recorded, and major complications were defined as a grade equal to or beyond
Clavien–Dindo classification grade IIIa [15]. Hospital or surgical mortality was determined
as death occurring within 30 days after transplant or during the same hospitalization
period without discharge, irrespective of the length of stay (LOS).

2.4. ROTEM Assays

Rotational thromboelastometry (ROTEM®, TEM International GmbH, Munich, Ger-
many) assessments were performed before and 24 h after transplantation in accordance
with the manufacturer’s instructions. The ROTEM assays consisted of an extrinsically
activated thromboelastometric test (EXTEM) and fibrin polymerization test (FIBTEM) to
evaluate the extrinsic pathway, and the contribution of fibrinogen to clot formation. The
ROTEM-derived parameters analyzed in our study included the clotting time (CT), clot for-
mation time (CFT), maximum clot firmness (MCF), time to maximum clot firmness (MCF-t),
lysis index at 30 min (LI30), clot formation rate (CFR), alpha angle, and maximum clot
elasticity (MCE). The CT was defined as the period between the initiation of the ROTEM
assay and a clot firmness amplitude of 2 mm.

2.5. Statistical Analysis

Clinical parameters with categorical values (expressed as numbers and percentages)
were compared using Pearson’s chi-square test, while continuous variables (expressed



J. Clin. Med. 2021, 10, 3401 3 of 11

as mean ± standard deviations) were analyzed using the independent t-test. Survival
was compared using the Kaplan–Meier method. All potential risk factors for EAD were
analyzed using the receiver operating characteristic (ROC) curve. The discrimination
ability of EAD risk was examined using the area under curve (AUC), and an optimal
cut-off value was identified using a Youden index, and presented along with its given
sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV).
A two-tailed p value less than 0.05 was considered statistically significant. All calculations
were performed using SPSS (SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Patients’ Characteristics

The donors’ and recipients’ demographic background and surgical records in each group
are shown in Table 1. We compared the data in the EAD (n = 32, 26.4%) and non-EAD (n = 89,
73.6%) groups and analyzed the associated risk factors. There were no proportional differences
between the EAD and non-EAD groups regarding the donor/recipient age, body mass index,
hepatitis status, and history of alcohol use. Although the incidence of hepatocellular carcinoma
(43.8% vs. 25.0%, p = 0.061) and proportion of male sex (82.0% vs. 65.6%, p = 0.056) was
higher in the non-EAD group than in the EAD group, the difference was not statistically
significant. Regarding recipients’ conventional coagulation studies, aPTT level, fibrinogen
concentration, or platelet count were not statistically significant. Notably, the PT (21.1 ± 5.7 vs.
18.3 ± 6.1, p = 0.012) significantly differed between the EAD and non-EAD groups. The mean
model for end-stage liver disease (MELD) scores were 21.2 ± 10.4 and 16.3 ± 7.6, respectively
(p = 0.019). With regard to surgery-related information, an association between intraoperative
blood component transfusion and EAD was observed (RBC, p = 0.009; platelet, p = 0.011;
cryoprecipitate, p = 0.049). These data suggest that although coagulopathy in patients with
higher MELD scores had been corrected with more blood transfusions during operation, they
still had a higher chance of EAD after LDLT.

3.2. Comparisons of Postoperative Outcomes between the EAD and Non-EAD Groups

Next, we evaluated whether the patients who met the EAD criteria used in our study
had inferior outcomes. Table 2 details the postoperative outcomes including ICU and hospi-
talization LOS, complications, surgical mortalities, graft failure rates, and 12-month overall
survival. Compared to the non-EAD group, the EAD group experienced an increased LOS
in the ICU (mean: 31.0 vs 24.4 days, p = 0.036) and hospitalization (mean: 56.5 vs 43.9 days,
p = 0.238), reflecting the necessity of critical care and close monitoring in cases of concern.
In the EAD group, 16 patients (50.0%) experienced major complications, and nine patients
died (28.1%). The causes of death with respect to hospital mortalities in the EAD group
included three acute rejections, two massive bleeding episodes, two fulminant infections,
one primary non-function, and one portal flow insufficiency due to portal vein thrombus.
Figure 1 shows post-transplant survival according to the presence or absence of EAD, and
the 1-year/2-year OS were 68.8%/64.5% and 94.4%/90.8% for the EAD and non-EAD
groups, respectively (p = 0.001).

3.3. A Longer Postoperative CT and MCF-t on EXTEM Were Associated with a Greater Chance
of EAD

We sought to investigate whether ROTEM assays could help increase the predictive
power. The pre- and post-transplant ROTEM-derived parameters in EXTEM and FIBTEM
assays are displayed in Table 3. Apart from MCF-t on EXTEM, the preoperative EXTEM and
FIBTEM parameters did not significantly differ between the two groups, indicating that the
baseline ROTEM data in both groups were very close. We found that a longer postoperative
CT (p = 0.041) and MCF-t (p = 0.005) on EXTEM were associated with a greater chance of
EAD events. Furthermore, we identified two independent risks for EAD on multivariate
analyses (Table 4), the postoperative CT (HR (95% CI) = 1.014 (1.002–1.026); p = 0.026) and
MCF-t (HR (95% CI) = 1.002 (1.000–1.003); p = 0.009) on EXTEM, both of which predicted
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post-transplant EAD. ROC curves for these two factors (Figure 2) revealed the following:
postoperative CT (AUC (95% CI) = 0.654 (0.536–0.772); p = 0.010 (and MCF-t (AUC (95%
CI) = 0.690 (0.584–0.797); p = 0.001) on EXTEM. These two independent risks were further
evaluated using the performance indices in Table 5. CT on EXTEM yielded a sensitivity of
53.1%, specificity of 82.0%, PPV of 51.5%, and NPV of 83.0% at an optimal cut-off value of
87.5 s. The respective cut-off value for MCF-t on EXTEM was 1870 s, and it displayed a
sensitivity of 53.1%, specificity of 76.4%, PPV of 44.7%, and NPV of 81.9% in diagnosing EAD.

Table 1. Demographics of patients after LDLT according to development of EAD or lack thereof.

KERRYPNX EAD, N = 32 Non-EAD, N = 89 p-Value

Basic conditions
Recipient age, years old 51.6 ± 9.9 53.6 ± 8.3 0.321
Donor age, years old 34.0 ± 8.7 31.3 ± 9.3 0.157
Male gender, N (%) 21 (65.6%) 73 (82.0%) 0.056
Child-Pugh class C, N (%) 12 (37.5%) 38 (42.7%) 0.595
MELD 21.2 ± 10.4 16.3 ± 7.6 0.019
HCC, N (%) 8 (25.0%) 39 (43.8%) 0.061
HBV infection, N (%) 12 (37.5%) 45 (50.6%) 0.204
HCV infection, N (%) 8 (25.0%) 15 (16.9%) 0.314
Recipient BMI kg/m2 25.4 ± 4.4 25.8 ± 4.4 0.683
Donor BMI, kg/m−2 23.5 ± 3.0 23.0 ± 3.3 0.493
Alcohol use history, N (%) 11 (42.3%) 35 (45.5%) 0.780
PT, s 21.1 ± 5.7 18.3 ± 6.1 0.012
aPTT, s 41.2 ± 12.0 39.1 ± 12.5 0.234
Fibrinogen concentration, mg/dL-1 166.0 ± 93.7 159.3 ± 58.6 0.173
Platelet count, nL-1 56.0 ± 20.0 60.2 ± 22.1 0.699
Operation associated parameters
Anhepatic time, mins
Cold ischemia time, mins

59.4 ± 46.6
67.1 ± 87.5

61.3 ± 39.0
56.3 ± 55.6

0.830
0.439

Warm ischemia time, mins 42.3 ± 42.7 40.2 ± 24.7 0.741
GRWR, %
Blood loss, mL

0.96 ± 0.29
3270.3.8 ± 3421.4

0.97 ± 0.23
2081.8 ± 2321.7

0.825
0.076

RBCs, units 14.9 ± 15.0 7.3 ± 6.4 0.009
FFP, units 18.3 ± 14.3 13.6 ± 11.3 0.102
Platelet, units
Cryoprecipitate, units

14.6 ± 12.5
4.1 ± 8.4

8.9 ± 10.2
2.3 ± 6.9

0.011
0.049

Abbreviations: MELD, Model for End-Stage Liver Disease; HCC, hepatocellular carcinoma; HBV, hepatitis B virus;
HCV, hepatitis C virus; BMI, body mass index; PT, prothrombin time; aPTT, activated partial thromboplastin time;
GRWR, graft recipient weight ratio; RBC, red blood cell; FFP, fresh frozen plasma.

Table 2. Post-operative outcomes of the patients after LDLT according to development of EAD or not.

EAD, N = 32 Non-EAD, N = 89 p-Value

ICU stay, days 31.0 ± 24.4 20.9 ± 15.9 0.036
Hospitalization, days 56.5 ± 58.9 43.9 ± 48.6 0.238
Major complication, N (%) 16 (50.0%) 14 (15.7%) <0.001
Surgical/Hospital mortality, N (%) 9 (28.1%) 3 (3.4%) <0.001
Graft failure, N (%) 7 (21.9%) 2 (2.2%) <0.001
12-month OS rate, % 68.8 94.4 0.001

Abbreviations: EAD, early allograft dysfunction; ICU, intense care unit; OS, overall survival.

3.4. Using 24 h Post-LDLT ROTEM Increased the Effectiveness of Predicting OS

Finally, we compared the cumulative OS for those meeting the Olthoff’s definition or
24 h post-LDLT ROTEM or not (either CT or MCF-t on EXTEM beyond the given cut-off
values). We found that patients who met both had the most inferior results (Figure 3).
Therefore, using the 24 h post-LDLT ROTEM increased the effectiveness of predicting OS
after LDLT compared to adopting Olthoff’s EAD criteria alone (p < 0.001). These data
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encouraged us to use the 24 h post-LDLT ROTEM with conventional coagulation tests in
diagnosing or excluding EAD.
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Table 3. Results of thromboelastometric assays according to development of EAD or lack thereof.

EAD, N = 32 Non-EAD, N = 89 p-Value

Pre-op Parameters

EXTEM CT, sec 84.7 ± 41.7 74.7 ± 25.3 0.165
EXTEM CFT, sec 325.9 ± 311.4 266.2 ± 133.4 0.353
EXTEM MCF, mm 42.9 ± 10.4 41.8 ± 7.8 0.571
EXTEM MCF-t 2096.0 ± 426.3 1894.6 ± 318.2 0.036
EXTEM alpha angle 56.8 ± 18.1 55.1 ± 14.0 0.633
EXTEM LI30 99.9 ± 0.4 99.8 ± 0.3 0.822
EXTEM CFR 64.5 ± 13.4 63.0 ± 11.6 0.600
EXTEM MCE 80.7 ± 32.6 75.0 ± 23.9 0.359
FIBTEM CT, sec 119.6 ± 168.0 72.6 ± 20.3 0.185
FIBTEM MCF, mm 10.4 ± 4.6 10.1 ± 4.7 0.728
FIBTEM MCF-t 940.5 ± 526.9 824.0 ± 369.4 0.327
FIBTEM alpha angle 67.4 ± 8.1 68.9 ± 9.7 0.565
FIBTEM LI30 99.3 ± 2.0 98.3 ± 4.3 0.208
FIBTEM CFR 70.7 ± 5.4 71.0 ± 6.0 0.825
FIBTEM, MCE 11.5 ± 6.3 10.9 ± 5.4 0.625

Post-op parameters

EXTEM CT, sec 98.7 ± 44.2 81.0 ± 28.5 0.041
EXTEM A10, mm 35.3 ± 10.7 35.8 ± 9.6 0.784
EXTEM MCF, mm 38.3 ± 8.6 40.0 ± 8.4 0.327
EXTEM MCF-t, sec 1891.0 ± 398.5 1681.1 ± 334.6 0.005
EXTEM alpha angle, ◦ 47.9 ± 12.8 49.9 ± 11.7 0.407
EXTEM LI30, % 99.8 ± 0.5 99.9 ± 0.4 0.413
EXTEM CFR, ◦ 57.5 ± 11.0 59.6 ± 10.0 0.312
EXTEM MCE 64.9 ± 24.0 70.2 ± 27.3 0.339
FIBTEM CT, sec 136.5 ± 169.3 86.5 ± 81.1 0.185
FIBTEM A10, mm 9.3 ± 4.4 9.9 ± 4.3 0.506
FIBTEM MCF, mm 7.4 ± 3.6 9.4 ± 10.4 0.292
FIBTEM MCF-t, sec 943.3 ± 494.3 878.1 ± 426.0 0.488
FIBTEM alpha angle, ◦ 62.5 ± 7.9 58.8 ± 14.2 0.507
FIBTEM LI30, % 99.5 ± 1.7 98.6 ± 3.3 0.182
FIBTEM CFR, ◦ 64.9 ± 14.1 69.3 ± 7.5 0.201
FIBTEM, MCE 8.0 ± 4.3 9.3 ± 4.5 0.177

Abbreviations: EAD, early allograft dysfunction; pre-op, pre-operative; post-op, post-operative; CT, clotting time;
A10, the amplitude of the ROTEM tracings at 10 min; MCF, maximum clot firmness; MCF-t, time to reach the
MCF; LI30, lysis index at 30 min; CFR, clot formation rate; MCE, maximum clot elasticity.

Table 4. Univariate and multivariate analyses of predictors for EAD after LDLT.

Univariate Multivariate
HR 95%CI p-Value HR 95%CI p-Value

EXTEM MCF-t, sec (pre-op)
EXTEM CT, sec (post-op)

1.001
1.014

1.000–1.002
1.002–1.025

0.035
0.017 1.014 1.002–1.026 0.026

EXTEM MCF-t, sec (post-op) 1.002 1.000–1.003 0.007 1.002 1.000–1.003 0.009

Abbreviations: EAD, early allograft dysfunction; op, operation; MCF-t, time to reach the maximum clot firmness; CT, clotting time. All
parameters in Table 3 were calculated in univariate analysis, and only significant results (p < 0.100) are shown in this table and evaluated in
multivariate analysis.

Table 5. Accuracy of postoperative day-1 thromboelastometric studies in predicting EAD events.

Parameter AUC (95% CI); p-Value Optimal Cut-Off Point Sensitivity Specificity PPV NPV

EXTEM MCF-t, sec
EXTEM CT, sec

0.690 (0.584–0.797); p = 0.001
0.654 (0.536–0.772); p = 0.010

>1870.0
>87.5

53.1%
53.1%

76.4%
82.0%

44.7%
51.5%

81.9%
83.0%

Abbreviations: EAD, early allograft dysfunction; CT, clotting time; MCF-t, time to reach the maximum clot firmness; AUC, area under
curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.
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Figure 3. Cumulative OS curves for those meeting the Olthoff’s definition or 24 h post-LDLT ROTEM
or not. ROTEM (+) is defined as at least one of the two above-mentioned 24 h post-LDLT ROTEM
parameters being prolonged beyond the optimal cut-off values as mentioned. The Olthoff (+) ROTEM
(+) group had the worst OS (p < 0.001).

4. Discussion

Our study demonstrated that postoperative EXTEM-derived parameters, including
longer MCF-t and CT, were associated with a greater incidence of EAD in LDLT. It was
observed that pre-transplant MELD scores also influenced the incidence of EAD. Early
hemostatic dysfunctions could be detected by ROTEM studies as an increased CFT and
decreased MCF in a previous study [13]. Similar to other studies, we found that massive
blood loss and blood component transfusion were associated with the development of
EAD; however, different ROTEM-derived factors were evaluated [13]. It appears that there
is no general agreement about the EAD criteria, but a growing consensus has shown that a
good EAD diagnosis should correlate with early graft failure and patient outcomes. Thus,
we chose a previously deliberated and validated EAD definition, which revealed a strong
connection between EAD and inferior outcomes.

The 24 h post-LDLT ROTEM coagulation times, including the CT and MCF-t, depend
on the coagulation activation cascade and the concentration of coagulators [16]. It was
evident that a prolonged CT on EXTEM correlates with higher PT levels, while MCF-t on
EXTEM reflected fibrinogen activity and was related to platelet counts and intraoperative
blood loss [17]. Meanwhile, systemic hypoperfusion may also be associated with prolonged
coagulation times by affecting thrombin generation [18], thrombomodulin expression from
ischemia-sensitive endothelia, altering hemostasis, and leading to hypocoagulability [19].

Another study reported similar fibrinolysis velocities between cirrhotic patients and
healthy controls [20]. This could indirectly explain why the extrinsic pathway is more
indicative of EAD than the intrinsic pathway preoperatively and at the early stage after
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transplant. In the present study, we used the post-transplant day 7 laboratory criteria
to diagnose EAD, using liver function tests, the prothrombin time, and bilirubin level
to determine the liver biosynthetic capacity [2]. Under certain definitions, it minimizes
the eventuality of incomplete remission from preoperative hyperbilirubinemia and peri-
operative coagulopathy. Therefore, a clearly stated negative impact on both immediate
post-transplant course and 2-year OS was observed in patients who met the EAD criteria.

The incidence of EAD in our study was 26.4%, which was close to that observed in
previous studies that used the same criteria [2]. A greater proportion of recipients in the
EAD group experienced graft failure (21.9%) compared to those in the non-EAD group
(2.2%) (RR = 9.7, p < 0.001). Since 1998, many studies have focused on studying EAD
and its associated risks, and their results varied based on their different definitions. The
donor age, MELD score, PT and serum bilirubin levels prior to transplantation, acute
deterioration, thrombocytopenia, blood loss and blood component transfusion, hepatic
steatosis type and severity, and cold and warm ischemia times may all play a role in EAD
occurrence [2,7,21–30]. The development of EAD is multifactorial, although many factors
are inter-related. The MELD score incorporates the recipient serum bilirubin, PT, and
creatinine levels prior to transplantation [31]. In this study, we only included LDLTs to
minimize the impact of great differences in graft preservation time, which is a known major
risk factor for EAD [21,32].

ROTEM assays simulate an in vivo situation of coagulation factors and thrombin
generation [33]. Two independent coagulation pathways, extrinsic and intrinsic, were eval-
uated separately. Fibrinogen was converted to fibrin through a thrombin-dependent pro-
cess. Complex mechanisms of intercellular communications and feedbacks, endothelium-
released thrombomodulin, and natural anticoagulants influence particular stages of the
clotting cascade [34]. The implementation of ROTEM in managing acute bleeding episodes
has been widely studied and applied as a precursor in treating coagulopathy to lower
bleeding-associated complications, morbidities, and mortalities [35]. Different ROTEM
references have been objectively set up using various conceptual elements in healthy pop-
ulations at all ages [36–39]. Additionally, unequal cut-off values in ROTEM parameters
were also set to guide decision-making algorithms on the basis of differing backgrounds.
In cirrhotic patients, ROTEM has a role in assessing the degree of liver dysfunction [40].
Conversely, the use of ROTEM in evaluating the coagulation status of cirrhotic patients
may be less accurate because of hypoprothrombinemia and lack of sensitivity to thrombo-
modulin. Hypo-coagulation revealed by ROTEM assay correlates with an impaired liver
function rather than an ongoing bleeding episode [41].

In the present study, there may be a divergence in the optimal cut-off value calculated
by the Youden index from other institutes, depending on different laboratory settings.
Although ROTEM displays more physiologic characteristics than conventional coagulation
tests, the clinical implementation subjectively requires delicate interpretation [42]. As PT
reflects thrombin generation initiated via the extrinsic pathway, there may be competition
between PT and preoperative EXTEM-derived parameter. However, postoperative CT
on EXTEM remained a significant predictor of EAD in the multivariate analysis. Besides,
two independent risks identified in multivariate analysis, postoperative CT and MCF-t
on EXTEM, demonstrated a good NPV (83.0% and 81.9%) on the optimal cut-off point.
This means that a negative ROTEM screen test will help clinicians exclude the probability
of EAD.

In addition to the study design (retrospective, single center), the main limitation of our
study was that we focused on analyzing ROTEM-derived parameters rather than reading
an objective morphology. There might be a practical gap between clinical research and
application. Post-transplant blood product transfusion, coagulation tests, and ROTEM
data responses were not taken into account for further analyses. Since there is no current
consensus in blood product transfusion for post-transplant care and prospective and a large
number of studies are required to draw valid effects of transfusion therapy, anti-coagulants
on Rotem assays, our results should be interpreted with caution. From previous studies,
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two factors considered to be associated with EAD, acute deterioration and hepatic steatosis
type and severity, were not available in our study.

In conclusion, our study demonstrates that the CT and maximum clot firmness on
EXTEM-ROTEM performed 24 h after LDLT were independent predictors of early graft
dysfunction, which in turn was associated with worse overall survival. To improve the
overall results, ROTEM can be used as an auxiliary for prompt identification of EAD
after LDLT.

Author Contributions: H.-C.H. and W.-C.L. participated in the writing of the paper, research design,
performance of the research, and data analysis. W.-C.L. and C.-F.L. participated in research design
and data analysis. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no funding or grant support.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of Chang-Gung Memorial
Hospital (IRB No. 202001558B0).

Informed Consent Statement: Patients were not required to give informed consent to the study
because the analysis used anonymous clinical data that were obtained after each patient agreed to
treatment by written consent.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors have no conflict of interest to declare.

Abbreviations

Aspartate aminotransferase (AST), alanine aminotransferase (ALT), area under curve (AUC),
clotting time (CT), clot formation time (CFT), clot formation rate (CFR), early allograft dysfunction
(EAD), international normalized ratio (INR), living donor liver transplantation (LDLT), lysis index
at 30 min (LI30), model of end-stage liver disease (MELD), maximum clot firmness (MCF), time to
maximum clot firmness (MCF-t), maximum clot elasticity (MCE), negative predictive value (NPV),
overall survival (OS), positive predictive value (PPV), prothrombin time (PT), receiver operating
characteristic (ROC), rotational thromboelastometry (ROTEM).

References
1. Hoyer, D.P.; Paul, A.; Gallinat, A.; Molmenti, E.P.; Reinhardt, R.; Minor, T.; Saner, F.H.; Canbay, A.; Treckmann, J.W.;

Sotiropoulos, G.C.; et al. Donor information based prediction of early allograft dysfunction and outcome in liver transplan-
tation. Liver Int. 2015, 35, 156–163. [CrossRef] [PubMed]

2. Olthoff, K.M.; Kulik, L.; Samstein, B.; Kaminski, M.; Abecassis, M.; Emond, J.; Shaked, A.; Christie, J.D. Validation of a current
definition of early allograft dysfunction in liver transplant recipients and analysis of risk factors. Liver Transpl. 2010, 16, 943–949.
[CrossRef]

3. Agopian, V.G.; Harlander-Locke, M.P.; Markovic, D.; Dumronggittigule, W.; Xia, V.; Kaldas, F.M.; Zarrinpar, A.; Yersiz, H.;
Farmer, D.G.; Hiatt, J.R.; et al. Evaluation of Early Allograft Function Using the Liver Graft Assessment Following Transplantation
Risk Score Model. JAMA Surg. 2018, 153, 436–444. [CrossRef]

4. Uemura, T.; Randall, H.B.; Sanchez, E.Q.; Ikegami, T.; Narasimhan, G.; McKenna, G.J.; Chinnakotla, S.; Levy, M.F.; Goldstein, R.M.;
Klintmalm, G.B.; et al. Liver retransplantation for primary nonfunction: Analysis of a 20-year single-center experience.
Liver Transpl. 2007, 13, 227–233. [CrossRef]

5. Nanashima, A.; Pillay, P.; Verran, D.J.; Painter, D.; Nakasuji, M.; Crawford, M.; Shi, L.; Ross, A.G. Analysis of initial poor graft
function after orthotopic liver transplantation: Experience of an australian single liver transplantation center. Transplant. Proc.
2002, 34, 1231–1235. [CrossRef]

6. Neves, D.B.; Rusi, M.B.; Diaz, L.G.; Salvalaggio, P. Primary graft dysfunction of the liver: Definitions, diagnostic criteria and risk
factors. Einstein (Sao Paulo) 2016, 14, 567–572. [CrossRef]

7. Chen, X.B.; Xu, M.Q. Primary graft dysfunction after liver transplantation. Hepatobiliary Pancreat. Dis. Int. 2014, 13, 125–137.
[CrossRef]

8. Wang, S.C.; Shieh, J.F.; Chang, K.Y.; Chu, Y.; Liu, C.; Loong, C.; Chan, K.; Mandell, S.; Tsou, M.Y. Thromboelastography-
guided transfusion decreases intraoperative blood transfusion during orthotopic liver transplantation: Randomized clinical trial.
Transplant. Proc. 2010, 42, 2590–2593. [CrossRef] [PubMed]

http://doi.org/10.1111/liv.12443
http://www.ncbi.nlm.nih.gov/pubmed/24351095
http://doi.org/10.1002/lt.22091
http://doi.org/10.1001/jamasurg.2017.5040
http://doi.org/10.1002/lt.20992
http://doi.org/10.1016/S0041-1345(02)02639-8
http://doi.org/10.1590/s1679-45082016rw3585
http://doi.org/10.1016/S1499-3872(14)60023-0
http://doi.org/10.1016/j.transproceed.2010.05.144
http://www.ncbi.nlm.nih.gov/pubmed/20832550


J. Clin. Med. 2021, 10, 3401 10 of 11

9. Gorlinger, K.; Fries, D.; Dirkmann, D.; Weber, C.F.; Hanke, A.A.; Schochl, H. Reduction of Fresh Frozen Plasma Requirements by
Perioperative Point-of-Care Coagulation Management with Early Calculated Goal-Directed Therapy. Transfus. Med. Hemother.
2012, 39, 104–113. [CrossRef]

10. Hincker, A.; Feit, J.; Sladen, R.N.; Wagener, G. Rotational thromboelastometry predicts thromboembolic complications after major
non-cardiac surgery. Crit. Care 2014, 18, 549. [CrossRef] [PubMed]

11. Lier, H.; Vorweg, M.; Hanke, A.; Gorlinger, K. Thromboelastometry guided therapy of severe bleeding. Essener Runde algorithm.
Hamostaseologie 2013, 33, 51–61.

12. Dotsch, T.M.; Dirkmann, D.; Bezinover, D.; Hartmann, M.; Treckmann, J.W.; Paul, A.; Saner, F.H. Assessment of standard labora-
tory tests and rotational thromboelastometry for the prediction of postoperative bleeding in liver transplantation. Br. J. Anaesth.
2017, 119, 402–410. [CrossRef]

13. Tomescu, D.; Popescu, M.; Dima, S.O. Rotational thromboelastometry (ROTEM) 24 hours post liver transplantation predicts early
allograft dysfunction. Rom. J. Anaesth. Intensive Care 2018, 25, 117–122.

14. Moore, H.B.; Yaffe, H.; Pomposelli, J.J.; Wachs, M.; Bak, T.; Kennealey, P.; Conzen, K.; Adams, M.; Pshak, T.; Choudhury, R.; et al.
Detection of early allograft dysfunction at 30 min of reperfusion in liver transplantation: An intraoperative diagnostic tool with
real time assessment of graft function. Am. J. Surg. 2020, 220, 1518–1525. [CrossRef]

15. Clavien, P.A.; Barkun, J.; de Oliveira, M.L.; Vauthey, J.N.; Dindo, D.; Schulick, R.D.; de Santibañes, E.; Pekolj, J.; Slankamenac, K.;
Bassi, C.; et al. The Clavien-Dindo classification of surgical complications: Five-year experience. Ann. Surg. 2009, 250, 187–196.
[CrossRef]

16. Smith, S.A.; McMichael, M.A.; Gilor, S.; Galligan, A.J.; Hoh, C.M. Correlation of hematocrit, platelet concentration, and plasma
coagulation factors with results of thromboelastometry in canine whole blood samples. Am. J. Vet. Res. 2012, 73, 789–798. [CrossRef]

17. Enk, N.M.; Kutter, A.P.N.; Kuemmerle-Fraune, C.; Sigrist, N.E. Correlation of plasma coagulation tests and fibrinogenClauss with
rotational thromboelastometry parameters and prediction of bleeding in dogs. J. Vet. Intern. Med. 2019, 33, 132–140. [CrossRef]
[PubMed]

18. Bjerkvig, C.K.; Strandenes, G.; Eliassen, H.S.; Spinella, P.C.; Fosse, T.K.; Cap, A.P.; Ward, K.R. “Blood failure” time to view
blood as an organ: How oxygen debt contributes to blood failure and its implications for remote damage control resuscitation.
Transfusion 2016, 56, S182–S189. [CrossRef] [PubMed]

19. Caputo, N.D.; Kanter, M.; Fraser, R.; Simon, R. Comparing biomarkers of traumatic shock: The utility of anion gap, base excess,
and serum lactate in the ED. Am. J. Emerg. Med. 2015, 33, 1134–1139. [CrossRef] [PubMed]

20. Kleinegris, M.C.; Bos, M.H.; Roest, M.; Henskens, Y.; ten Cate-Hoek, A.; Van Deursen, C.; Spronk, H.M.H.; Reitsma, P.H.;
De Groot, P.G.; ten Cate, H.; et al. Cirrhosis patients have a coagulopathy that is associated with decreased clot formation capacity.
J. Thromb. Haemost. 2014, 12, 1647–1657. [CrossRef] [PubMed]

21. Ploeg, R.J.; D’Alessandro, A.M.; Knechtle, S.J.; Stegall, M.D.; Pirsch, J.D.; Hoffmann, R.M.; Sasaki, T.; Sollinger, H.W.; Belzer, F.O.;
Kalayoglu, M. Risk factors for primary dysfunction after liver transplantation–a multivariate analysis. Transplantation 1993, 55,
807–813. [CrossRef]

22. Corradini, S.G.; Elisei, W.; De Marco, R.; Siciliano, M.; Iappelli, M.; Pugliese, F.; Ruberto, F.; Nudo, F.; Pretagostini, R.;
Bussotti, A.; et al. Preharvest donor hyperoxia predicts good early graft function and longer graft survival after liver trans-
plantation. Liver Transpl. 2005, 11, 140–151. [CrossRef] [PubMed]

23. Croome, K.P.; Marotta, P.; Wall, W.J.; Dale, C.; Levstik, M.A.; Chandok, N.; Hernandez-Alejandro, R. Should a lower quality
organ go to the least sick patient? Model for end-stage liver disease score and donor risk index as predictors of early allograft
dysfunction. Transplant. Proc. 2012, 44, 1303–1306. [CrossRef]

24. Wagener, G.; Raffel, B.; Young, A.T.; Minhaz, M.; Emond, J. Predicting early allograft failure and mortality after liver transplanta-
tion: The role of the postoperative model for end-stage liver disease score. Liver Transpl. 2013, 19, 534–542. [CrossRef]

25. Deschenes, M.; Belle, S.H.; Krom, R.A.; Zetterman, R.K.; Lake, J.R. Early allograft dysfunction after liver transplantation:
A definition and predictors of outcome. National Institute of Diabetes and Digestive and Kidney Diseases Liver Transplantation
Database. Transplantation 1998, 66, 302–310. [CrossRef]

26. Li, L.; Wang, H.; Yang, J.; Jiang, L.; Yang, J.; Wang, W.; Yan, L.; Wen, T.; Li, B.; Xu, M. Immediate Postoperative Low Platelet Counts
After Living Donor Liver Transplantation Predict Early Allograft Dysfunction. Medicine (Baltimore) 2015, 94, e1373. [CrossRef]
[PubMed]

27. Cywinski, J.B.; You, J.; Argalious, M.; Irefin, S.; Parker, B.M.; Fung, J.J.; Koch, C.G. Transfusion of older red blood cells is associated
with decreased graft survival after orthotopic liver transplantation. Liver Transpl. 2013, 19, 1181–1188. [CrossRef] [PubMed]

28. Burke, A.; Lucey, M.R. Non-alcoholic fatty liver disease, non-alcoholic steatohepatitis and orthotopic liver transplantation.
Am. J. Transplant. 2004, 4, 686–693. [CrossRef]

29. Adam, R.; Reynes, M.; Johann, M.; Morino, M.; Astarcioglu, I.; Kafetzis, I.; Castaing, D.; Bismuth, H. The outcome of steatotic
grafts in liver transplantation. Transplant. Proc. 1991, 23, 1538–1540.

30. Brokelman, W.; Stel, A.L.; Ploeg, R.J. Risk factors for primary dysfunction after liver transplantation in the University of Wisconsin
solution era. Transplant. Proc. 1999, 31, 2087–2090. [CrossRef]

31. Freeman, R.B. Overview of the MELD/PELD system of liver allocation indications for liver transplantation in the MELD era:
Evidence-based patient selection. Liver Transpl. 2004, 10, S2–S3. [CrossRef]

http://doi.org/10.1159/000337186
http://doi.org/10.1186/s13054-014-0549-2
http://www.ncbi.nlm.nih.gov/pubmed/25292221
http://doi.org/10.1093/bja/aex122
http://doi.org/10.1016/j.amjsurg.2020.08.018
http://doi.org/10.1097/SLA.0b013e3181b13ca2
http://doi.org/10.2460/ajvr.73.6.789
http://doi.org/10.1111/jvim.15365
http://www.ncbi.nlm.nih.gov/pubmed/30537199
http://doi.org/10.1111/trf.13500
http://www.ncbi.nlm.nih.gov/pubmed/27100755
http://doi.org/10.1016/j.ajem.2015.04.085
http://www.ncbi.nlm.nih.gov/pubmed/26027886
http://doi.org/10.1111/jth.12706
http://www.ncbi.nlm.nih.gov/pubmed/25142532
http://doi.org/10.1097/00007890-199304000-00024
http://doi.org/10.1002/lt.20339
http://www.ncbi.nlm.nih.gov/pubmed/15666381
http://doi.org/10.1016/j.transproceed.2012.01.115
http://doi.org/10.1002/lt.23634
http://doi.org/10.1097/00007890-199808150-00005
http://doi.org/10.1097/MD.0000000000001373
http://www.ncbi.nlm.nih.gov/pubmed/26313775
http://doi.org/10.1002/lt.23695
http://www.ncbi.nlm.nih.gov/pubmed/23813754
http://doi.org/10.1111/j.1600-6143.2004.00432.x
http://doi.org/10.1016/S0041-1345(99)00270-5
http://doi.org/10.1002/lt.20262


J. Clin. Med. 2021, 10, 3401 11 of 11

32. Adam, R.; Cailliez, V.; Majno, P.; Karam, V.; McMaster, P.; Caine, R.Y.; O’Grady, J.; Pichlmayr, R.; Neuhaus, P.; Otte, J.B.; et al.
Normalised intrinsic mortality risk in liver transplantation: European Liver Transplant Registry study. Lancet 2000, 356, 621–627.
[CrossRef]

33. Machlus, K.R.; Colby, E.A.; Wu, J.R.; Koch, G.G.; Key, N.S.; Wolberg, A.S. Effects of tissue factor, thrombomodulin and elevated
clotting factor levels on thrombin generation in the calibrated automated thrombogram. Thromb. Haemost. 2009, 102, 936–944.
[CrossRef]

34. Brummel, K.E.; Paradis, S.G.; Butenas, S.; Mann, K.G. Thrombin functions during tissue factor-induced blood coagulation. Blood
2002, 100, 148–152. [CrossRef] [PubMed]

35. Gorlinger, K.; Perez-Ferrer, A.; Dirkmann, D.; Saner, F.; Maegele, M.; Calatayud, Á.A.P.; Kim, T. The role of evidence-based
algorithms for rotational thromboelastometry-guided bleeding management. Korean J. Anesthesiol. 2019, 72, 297–322. [CrossRef]
[PubMed]

36. Lang, T.; Bauters, A.; Braun, S.L.; Pötzsch, B.; von Pape, K.-W.; Kolde, H.-J.; Lakner, M. Multi-centre investigation on reference
ranges for ROTEM thromboelastometry. Blood Coagul. Fibrinolysis 2005, 16, 301–310. [CrossRef] [PubMed]

37. Schenk, B.; Gorlinger, K.; Treml, B.; Tauber, H.; Fries, D.; Niederwanger, C.; Oswald, E.; Bachler, M. A comparison of the new
ROTEM((R)) sigma with its predecessor, the ROTEMdelta. Anaesthesia 2019, 74, 348–356. [CrossRef] [PubMed]

38. Sokou, R.; Foudoulaki-Paparizos, L.; Lytras, T.; Konstantinidi, A.; Theodoraki, M.; Lambadaridis, I.; Gounaris, A.; Valsami, S.;
Politou, M.; Gialeraki, A.; et al. Reference ranges of thromboelastometry in healthy full-term and pre-term neonates. Clin. Chem.
Lab. Med. 2017, 55, 1592–1597. [CrossRef]

39. Oudghiri, M.; Keita, H.; Kouamou, E.; Boutonnet, M.; Orsini, M.; Desconclois, C.; Mandelbrot, L.; Daures, J.-P.; Stépanian, A.;
Peynaud-Debayle, E.; et al. Reference values for rotation thromboelastometry (ROTEM(R)) parameters following non-
haemorrhagic deliveries. Correlations with standard haemostasis parameters. Thromb. Haemost. 2011, 106, 176–178. [CrossRef]

40. Tripodi, A.; Primignani, M.; Chantarangkul, V.; Viscardi, Y.; Dell’Era, A.; Fabris, F.M.; Mannucci, P.M. The coagulopathy of
cirrhosis assessed by thromboelastometry and its correlation with conventional coagulation parameters. Thromb. Res. 2009, 124,
132–136. [CrossRef] [PubMed]

41. Lentschener, C.; Flaujac, C.; Ibrahim, F.; Gouin-Thibault, I.; Bazin, M.; Sogni, P.; Samama, C. Assessment of haemostasis in
patients with cirrhosis: Relevance of the ROTEM tests?: A prospective, cross-sectional study. Eur. J. Anaesthesiol. 2016, 33, 126–133.
[CrossRef] [PubMed]

42. Davis, J.P.E.; Northup, P.G.; Caldwell, S.H.; Intagliata, N.M. Viscoelastic Testing in Liver Disease. Ann. Hepatol. 2018, 17, 205–213.
[CrossRef] [PubMed]

http://doi.org/10.1016/S0140-6736(00)02603-9
http://doi.org/10.1160/TH09-03-0180
http://doi.org/10.1182/blood.V100.1.148
http://www.ncbi.nlm.nih.gov/pubmed/12070020
http://doi.org/10.4097/kja.19169
http://www.ncbi.nlm.nih.gov/pubmed/31096732
http://doi.org/10.1097/01.mbc.0000169225.31173.19
http://www.ncbi.nlm.nih.gov/pubmed/15870552
http://doi.org/10.1111/anae.14542
http://www.ncbi.nlm.nih.gov/pubmed/30575011
http://doi.org/10.1515/cclm-2016-0931
http://doi.org/10.1160/TH11-02-0058
http://doi.org/10.1016/j.thromres.2008.11.008
http://www.ncbi.nlm.nih.gov/pubmed/19135704
http://doi.org/10.1097/EJA.0000000000000322
http://www.ncbi.nlm.nih.gov/pubmed/26258657
http://doi.org/10.5604/01.3001.0010.8635
http://www.ncbi.nlm.nih.gov/pubmed/29469043

	Introduction 
	Materials and Methods 
	Patient Enrollment 
	Definition of EAD and Graft Failure 
	Data Extraction and Clinical Outcome Measure 
	ROTEM Assays 
	Statistical Analysis 

	Results 
	Patients’ Characteristics 
	Comparisons of Postoperative Outcomes between the EAD and Non-EAD Groups 
	A Longer Postoperative CT and MCF-t on EXTEM Were Associated with a Greater Chance of EAD 
	Using 24 h Post-LDLT ROTEM Increased the Effectiveness of Predicting OS 

	Discussion 
	References

