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Abstract
There is a paucity of evidence about the coagulation profile regarding the com-
plexity of children undergoing liver transplantation (LT). This study aimed to 
investigate intraoperative hemostatic changes during pediatric LT according 
to the etiology for LT and examine the ability of rotational thromboelastometry 
(ROTEM®, TEM International GmbH, Munich, Germany) as a point-of-care mon-
itoring method. We evaluated 106 patients aged 3 months to 17 years undergo-
ing LT for acute liver failure (ALF) and chronic liver disease, which consists of 
patients with cholestatic disease, metabolic/genetic disease, and cancer. A total 
of 731 ROTEM® measurements, including 301 ellagic acid to initiate clotting via 
the intrinsic pathway, 172 tissue factor to initiate the extrinsic clotting cascade 
(EXTEM), and 258 cytochalasin D to inhibit platelet activity reflecting fibrinogen 
(FIBTEM), were analyzed at predetermined time points (the preanhepatic, an-
hepatic, and postreperfusion phases). We simultaneously conducted conven-
tional coagulation tests. In children with ALF, preanhepatic measurements of 
conventional coagulation tests and ROTEM® showed a more hypocoagulable 
state than other diseases. During LT, the coagulation profile was deranged, with 
a prolonged clotting time and reduced clot firmness, changes that were more 
profound in the cholestatic disease group. Maximum clot firmness (MCF) on 
EXTEM and FIBTEM were well correlated with the platelet count and fibrinogen 
concentration (r = 0.830, p < 0.001 and r = 0.739, p < 0.001, respectively). On the 
EXTEM, MCF with 30 mm predicted a platelet count <30,000/mm3 (area under 
the curve, 0.985), and 6 mm predicted a fibrinogen concentration <100 mg/dl on 
the FIBTEM (area under the curve, 0.876). However, the activated partial throm-
boplastin time and prothrombin time were significant but only weakly correlated 
with the clotting time on the ROTEM®. In children undergoing LT, coagulation 
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INTRODUCTION

Coagulopathy in end-stage liver disease (ESLD) is 
characterized as rebalanced hemostasis with impaired 
synthesis and function of anticoagulants and proco-
agulants.[1-3] Although the coagulation profile in adults 
with ESLD has been addressed, there is a paucity of 
studies conducted on children. Moreover, children with 
ESLD show diverse coagulation profiles according to 
the underlying liver disease and stage of development. 
On one hand, during pediatric liver transplantation (LT), 
thrombotic complications occur more frequently than in 
adults.[4,5] On the other hand, bleeding can rapidly lead 
to fatal results because children with ESLD have small 
blood volumes. Therefore, timely and reliable monitor-
ing of coagulation status should be performed to opti-
mize blood transfusion and to avoid overcorrection of 
anticoagulation factors.[6,7]

A point-of-care monitoring method to evaluate co-
agulation function, such as rotational thromboelasto-
metry (ROTEM®; ROTEM® Delta, TEM International 
GmbH, Munich, Germany), measures the viscoelas-
ticity of clots using whole blood throughout the co-
agulation process and provides information on clot 
initiation, kinetics, strength, and stability; however, 
conventional coagulation tests, such as plasma-
based assays, only measure the effect of procoag-
ulants and do not reflect anticoagulants or cellular 
components involved in hemostasis, and they pro-
vide a coagulation profile only for the clot initiation 
phase.[8] Their results also require more time com-
pared with ROTEM®.[9] Thus, because of its ability to 
provide a global coagulation profile and short turn-
around times, ROTEM® has been widely used during 
adult LT and major pediatric surgeries to provide 
guidance for transfusion therapy.[10-12]

However, several factors affecting the coagula-
tion system should be considered before applying 
ROTEM® during pediatric LT. First, the hemostatic 
profile of children varies according to their quantita-
tive and qualitative pro- and anticoagulant levels.[13,14] 
Second, the indications for pediatric LT are different 
from those of adult LT; the indications for LT in children 
include chronic liver disease (CLD) such as choles-
tatic disease, metabolic/genetic disease, cancer, and 
acute liver failure (ALF).[15] In addition, the clinical 
features of LT recipients vary widely according to the 
underlying liver disease,[16,17] as seen in patients with 
CLD, which is mainly caused by biliary atresia, and 
they undergo LT at a younger age than patients with 

ALF. However, it is unknown whether the underlying 
liver disease affects the coagulation system in chil-
dren and if so to what extent. Literature on ROTEM® 
assessing the intraoperative coagulation profile 
during pediatric LT is scarce. Therefore, in this study, 
we aimed to evaluate the intraoperative coagulation 
profiles including conventional coagulation tests and 
ROTEM® at various stages of pediatric LT according 
to the etiology of liver disease. In addition, we exam-
ined whether ROTEM® could be a reliable tool for the 
point-of-care monitoring of hemostatic status during 
pediatric LT by comparing ROTEM® with conventional 
coagulation tests.

PATIENTS AND METHODS

Study population

This retrospective study was approved by the institu-
tional review board of Asan Medical Center, Seoul, 
Republic of Korea. A total of 121 patients aged younger 
than 18 years underwent living or deceased donor LT 
at the Asan Medical Center from November 2011 to 
January 2018. Of these, five patients were excluded 
because of the absence of ROTEM® data or preopera-
tive anticoagulant therapy. The remaining 106 patients 
were included in the study. This study was approved by 
the local research ethics committee (protocol number 
2020-0207), with data analyzed in accordance with the 
ethical standards of the 1964 Declaration of Helsinki 
and its amendments.

Anesthetic management

General anesthesia was carried out according to our 
institutional protocol.[18] Anesthesia was induced with 
intravenous bolus of thiopental, vecuronium, or rocu-
ronium and fentanyl and maintained using 1%–2% 
sevoflurane, 50% oxygen in medical air, and continu-
ous infusion of vecuronium or rocuronium and fenta-
nyl. Radial arterial and central venous catheters were 
placed to monitor the hemodynamic parameters and to 
obtain blood samples. During LT, balanced crystalloid 
and 5% or 20% albumin were administered. Transfusion 
of packed red blood cells (RBCs), fresh frozen plasma 
(FFP), platelet concentrate (PC), and cryoprecipitate 
was based on the clinical situation or guided by con-
ventional coagulation tests. In brief, according to our 

profiles depend on the etiology for LT. During LT, ROTEM® parameters could 
help detect thrombocytopenia and hypofibrinogenemia and guide transfusion 
therapy as a point-of-care monitoring method.
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institutional transfusion protocol for pediatric LT, blood 
products were provided to maintain a hematocrit of 
25%–28%, prothrombin time (PT) <2.5 international nor-
malized ratio (INR), platelet count (PLT) >30,000/mm3,  
and fibrinogen concentration >100  mg/dl and when 
clinical bleeding existed.

Blood sampling and conventional 
coagulation tests

Blood sampling for conventional coagulation tests and 
ROTEM® was performed simultaneously from the radial 
artery catheter at the following predetermined time points: 
preanhepatic phase (1 h after surgical incision), anhepatic 
phase (30 min after hepatectomy), and neohepatic phase 
(30  min after graft reperfusion). Conventional coagula-
tion tests included activated partial thromboplastin time 
(aPTT), PT, PLT, and fibrinogen. PLT was determined 
using an automated hematology analyzer (Sysmex XE-
2100, Siemens Healthcare Diagnostics, GmbH, Marburg, 
Germany) with flow cytometry. aPTT, PT, and fibrinogen 
concentration were assayed with an automatic coagula-
tion analyzer (Sysmex CA-7000, Siemens Healthcare 
Diagnostics) using Thromborel S kits (Siemens Healthcare 
Diagnostics) and the Dade Thrombin Reagent (Siemens 
Healthcare Diagnostics), respectively.

ROTEM® measurements

ROTEM® was performed as instructed by the manufac-
turer using reagents and equipment provided by TEM 
International GmbH. Briefly, ROTEM® was performed 
using 300 µl of citrated whole blood after the addition of 

recalcification reagent (0.2 mol/L CaCl2) and 20 µl of the 
respective reagents (tissue factor to initiate the extrinsic 
clotting cascade [INTEM], ellagic acid; tissue factor to 
initiate the extrinsic clotting cascade [EXTEM], tissue fac-
tor; and cytochalasin D to inhibit platelet activity reflecting  
fibrinogen [FIBTEM], tissue factor with cytochalasin D). 
The ROTEM® parameters were obtained as follows 
(Figure 1): clotting time (CT), the time (s) until the initia-
tion of clotting (clot amplitude of 2 mm); clot formation time 
(CFT), the time (s) from the initiation of clotting to a clot 
amplitude of 20 mm; and maximum clot firmness (MCF). 
The ROTEM® device was in the operating theater, and 
all tests were conducted by anesthesia nurses skilled in 
conducting ROTEM® tests. Among the ROTEM® assays 
obtained, any with an inadequate run time or technical ir-
regularities in the traces and patients who received hepa-
rin or recombinant coagulation factor VIIa during LT were 
excluded.

To assess the correlations between the conventional 
coagulation tests and the ROTEM® parameters, the fol-
lowing comparisons were performed:

1.	 aPTT was compared with both INTEM CT and 
CFT.

2.	PT was compared with both EXTEM CT and CFT.
3.	PLT was compared with MCF on EXTEM.
4.	The fibrinogen concentration was compared with 

MCF on FIBTEM.

Coagulation profiles according to the 
etiology of the liver disease

To understand the characteristics of the baseline coag-
ulation profiles and the changes in coagulation profiles 

F I G U R E  1   Schematic ROTEM® trace showing its parameters. CT represents the time (s) until the initiation of clotting (clot amplitude of 
2 mm). CFT indicates the time (s) from the initiation of clotting to a clot amplitude of 20 mm, and MCF indicates the maximal amplitude (mm) 
of clot firmness in the graphical trace 
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during LT according to the etiology of the liver disease, 
the patients were divided into four groups based on 
relevant clinical features: ALF and CLD which was 
subdivided into cholestatic disease, metabolic/genetic 
disease, and cancer. Pediatric ALF was defined ac-
cording to the Pediatric Acute Liver Failure study group 
criteria, regardless of what caused liver failure.[19] We 
compared conventional coagulation tests and ROTEM® 
parameters between the groups at each stage during 
LT and within each group across the LT procedure.

Statistical analysis

All statistical analyses were performed using R (Version 
4.1.0; R Foundation for Statistical Computing, Vienna, 
Austria) and MedCalc (MedCalc Software, Ostend, 
Belgium). As the reference interval for coagulation pa-
rameters in children was dependent on age, we used 
a reference range based on the patient's individual age 
group as given in a previous study.[20] Continuous vari-
ables were expressed as median (25th–75th percen-
tiles) or mean  ±  standard deviation. For comparisons 
between groups, chi-square tests or Fisher's exact tests 
and t tests or Mann–Whitney U tests were used as ap-
propriate. For analysis of the change in the coagulation 
parameters over the LT phases, linear mixed models of 
repeated measures were performed. Bonferroni's test 
was used as a post hoc test to ascertain the difference 

between each operation phase of LT. After confirming 
the nonparametric distribution of data using the Shapiro–
Wilk test, Spearman’s correlation coefficients were 
calculated to assess the correlation between the conven-
tional coagulation tests and the ROTEM® parameters. 
Receiver operating characteristic (ROC) curve analysis 
with area under the curve (AUC) was used to calcu-
late the cutoff values of MCF on EXTEM and FIBTEM 
predicting PLTs <30,000/mm3 and <50,000/mm3  
and fibrinogen concentrations <100 and <150  mg/dl. 
The cutoff values of PLT and fibrinogen were based 
on our institutional protocol and the thresholds widely 
used in major pediatric surgery.[15,21,22] Optimal cutoff 
values were determined based on the Youden index. To 
validate optimal cutoff values in ROC curve analysis, a 
bootstrap method was used based on 10,000 resam-
ples with replacement in the “cutpointr” R package.[23-25] 
A p < 0.05 was considered statistically significant.

RESULTS

Patient demographics and intraoperative 
data

A total of 731 ROTEM® measurements that included 
301 INTEM, 172 EXTEM, and 258 FIBTEM measure-
ments from 106 patients were used for the final analy-
sis. The patient characteristics and the intraoperative 

TA B L E  1   Patient characteristics and intraoperative transfusion

Total, N = 106 ALF, n = 20
Cholestatic 
disease, n = 63

Metabolic/genetic 
disease, n = 12 Cancer, n = 11 p value

Baseline characteristics

Age, years 2.1 (0.9–6.0) 5.5 (2.0–11.0) 1.2 (0.8–2.6)* 5.8 (2.9–11.0)** 2.5 (1.7–8.0) <0.001

Male/female 50/56 (47/53) 13/7 (65/35) 22/41 (35/65) 9/3 (75/25) 6/5 (55/45) 0.02

Weight, kg 11.6 (8.5–18.5) 20.4 (13.4–40.1) 8.9 (7.8–13.4)* 17.6 (13.4–30.3)** 13.5 (10.5–20.2) <0.001

Height, cm 83.1 (70.6–111.2) 118.0 (89.5–149.7) 73.5 (68.5–89.9)* 105.8 (91.0–123.2)** 87.7 (80.2–114.4) <0.001

BSA, m2 0.53 (0.41–0.76) 0.82 (0.58–1.29) 0.43 (0.39–0.58)* 0.73 (0.59–1.02)** 0.56 (0.48–0.80) <0.001

Child-Turcotte-Pugh 
Class A/B/C

25/27/54 0/1/19 6/25/32 10/0/2 9/1/1 <0.001

Donor type, living 62 (58.5) 15 (75.0) 30 (47.6) 7 (58.3) 10 (90.9) 0.02

Intraoperative transfusion

RBCs 95 (89.6) 20 (100.0) 56 (88.9) 11 (91.7) 8 (72.7) 0.12

Unit/kg 0.10 (0.05–0.16) 0.12 (0.07–0.19) 0.11 (0.06–0.22) 0.05 (0.03–0.08)** 0.04 (0.03–0.05)*,** <0.001

FFP 65 (61.3) 20 (100.0) 35 (55.6)* 8 (66.7) 2 (18.2)* <0.001

Unit/kg 0.13 (0.07–0.23) 0.15 (0.10–0.22) 0.14 (0.08–0.25) 0.07 (0.05–0.13) 0.08 (0.05–0.12) 0.12

PC 21 (19.8) 8 (40.0) 10 (15.9) 2 (16.7) 1 (9.1) 0.08

Unit/kg 0.20 (0.14–0.37) 0.21 (0.13–0.45) 0.25 (0.18–0.37) 0.14 (0.12–0.15) 0.14 (0.14–0.14) 0.24

Cryoprecipitate 41 (38.7) 16 (80.0) 16 (25.4)* 6 (50.0) 3 (27.3)* <0.001

Unit/kg 0.18 (0.13–0.28) 0.18 (0.13–0.23) 0.25 (0.14–0.41) 0.15 (0.12–0.21) 0.10 (0.10–0.12) 0.08

Note: Data are presented as median (25th–75th percentiles) or number (percentage) as appropriate.
Abbreviations: ALF, acute liver failure; BSA, body surface area; FFP, fresh frozen plasma; PC, platelet concentrate; RBCs, red blood cells.
*p < 0.05 versus ALF; **p < 0.05 versus cholestatic disease by analysis using Bonferroni's method.
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transfusion data are shown in Table 1. The median 
age of all patients was 2.1 years (0.9–6.0 years), and 
their etiologies of liver disease were composed of ALF 
(n = 20), cholestatic disease (n = 63), metabolic/genetic 
disease (n = 12), and cancer (n = 11). More details on 
the etiologies of liver disease are described in Table S1.  
The patients in the cholestatic disease group were 
younger than the patients in the ALF and metabolic/
genetic disease groups. Compared with the choles-
tatic disease group, the ALF group had higher Child-
Turcotte-Pugh scores, whereas the metabolic/genetic 
disease and cancer groups had lower Child-Turcotte-
Pugh scores.

Coagulation profiles according to the 
etiology of liver disease

Intraoperative trends in the parameters of the conven-
tional coagulation tests and ROTEM® throughout the 
LT procedure are presented in Table 2. In patients with 
ALF, preanhepatic measurements of conventional co-
agulation tests and ROTEM® showed a hypocoagula-
ble state, presenting a prolonged time for clotting and a 
reduced clot strength. Throughout the LT phases, PLT 
was significantly lower in the ALF group compared with 
the cholestatic disease group (Figure 2). Fibrinogen 
concentration was also lower in ALF group than in the 
cholestatic disease and cancer groups. Similarly, in 
ROTEM® measurements at the preanhepatic phase 
(Figure 3), the ALF group showed significantly lower 
values of EXTEM MCF and FIBTEM MCF than both 
the cholestatic disease and cancer groups. In patients 
with ALF, the ROTEM® parameters were below the ref-
erence range (55% for INTEM CT, 85% for INTEM CFT, 
and 63% for EXTEM MCF). From the preanhepatic 
phase to the neohepatic phase, there were no statisti-
cally significant differences in coagulation profiles on 
the ROTEM® measurements among the four  groups. 
Particularly in patients with cholestatic disease, the 
coagulation profiles were deranged as there was a 
prolonged CT and reduced clot firmness across the LT 
phases.

Correlations between conventional 
coagulation tests and ROTEM®  
parameters

PT and EXTEM CT and CFT had significant but weak 
linear correlations (r = 0.434; p < 0.001 and r = 0.466; 
p  <  0.001, respectively). There was a slightly higher 
correlation between aPTT and INTEM CT and CFT 
(r  =  0.726 [p  <  0.001] and r  =  0.565 [p  <  0.001], re-
spectively). However, aPTT showed a discrepancy with 
INTEM CT and CFT, especially in the range of high 
aPTT levels. PLT was strongly correlated with EXTEM 

MCF (r = 0.830, p < 0.001). The fibrinogen concentra-
tion was also highly correlated with MCF on FIBTEM 
(r = 0.739, p < 0.001). When the data were analyzed 
according to the etiology of liver disease (ALF, chole-
static disease, metabolic/genetic disease, and cancer 
groups), MCF of EXTEM and FIBTEM were also sig-
nificantly correlated with PLT and fibrinogen concentra-
tion, respectively (Figure 4).

Cutoff values of ROTEM® for 
predicting thrombocytopenia and 
hypofibrinogenemia

This study showed that marked prolongation of prean-
hepatic PT (≥2.0 INR) was more frequently observed in 
the ALF group (80%) compared with the other groups 
(21%, 25%, and 9% for cholestatic disease, metabolic/
genetic disease, and cancer groups, respectively). 
More severe thrombocytopenia (<50,000/mm3) and hy-
pofibrinogenemia (<100 mg/dl) were also found in 30% 
and 53% in the ALF group relative to other groups.

Throughout the LT procedure, 4% and 12% of the 
measurements showed PLT <30,000 and <50,000/mm3,  
respectively. ROC curve analysis showed that EXTEM 
MCF with a cutoff value of 30 mm (sensitivity, 100%; 
specificity, 94.4%; AUC, 0.985; p  <  0.001) predicted 
PLT <30,000/mm3. EXTEM MCF with a cutoff value 
of 44  mm (sensitivity, 100%; specificity, 66.9%; 
AUC, 0.905; p  <  0.001) predicted PLT <50,000/mm3. 
Fibrinogen concentrations <100 and <150 mg/dl were 
observed in 50% and 78%. The cutoff value of FIBTEM 
MCF predicting a fibrinogen concentration <100 mg/dl  
was 6  mm (sensitivity, 79.7%; specificity, 82.4%; 
AUC, 0.876; p < 0.001). In addition, the cutoff value of 
FIBTEM MCF to predict the fibrinogen concentration 
<150  mg/dl was 8  mm (sensitivity, 78.8%; specificity, 
94.5%; AUC, 0.918; p < 0.001; Figure 5). We conducted  
internal validation for ROC curve analysis using the 
bootstrap method with 10,000 resamples and replace-
ments (Table S2). It showed the optimal cutoff value 
as well as its Youden index determined from bootstrap 
samples, which were consistent with those from the full 
samples.

DISCUSSION

In pediatric LT, hemostatic profiles are distinguished on 
the basis of etiology for ESLD. In ALF, all coagulation 
tests either by conventional methods or by ROTEM® 
revealed remarkable hypocoagulability during the pre-
anhepatic phase. Children with CLD, including chole-
static disease, metabolic/genetic disease, and cancer, 
had relative near-normal preanhepatic coagulation pro-
files. Throughout LT phases, coagulopathy existed, and 
there was no difference in hemostasis between liver 
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disease groups across the anhepatic and neohepatic 
phases except aPTT and PLT. We also found that MCF 
on EXTEM and FIBTEM could reliably predict throm-
bocytopenia and hypofibrinogenemia, respectively. 
Meanwhile, CT on INTEM and EXTEM showed poor 
associations with aPTT and PT, especially within the 
high limits of aPTT and PT. Marked prolongation of 
aPTT or PT may not necessarily be accompanied by 
an increase in CT or CFT and vice versa.

In children with ALF, hemostatic status by conven-
tional coagulation tests indicates hypocoagulability 
represented by the prolongation of aPTT and PT. All 
coagulation factors are markedly decreased during 
the synthetic functional deficiency of the liver paren-
chyma during fulminant liver failure.[26] Our results also 

showed that all parameters of the conventional coagu-
lation tests in the ALF group were abnormally reduced 
or prolonged. Most measurements of ROTEM® in the 
ALF group were out of the reference range[20] (55% 
for increased INTEM CT, 85% for increased INTEM 
CFT, and 63% for decreased EXTEM MCF). However, 
the further deterioration of coagulation profile across 
LT phases was not found in ALF because of baseline 
severe coagulopathy in ALF and the subsequent high 
transfusion rates of FFP, PC, and cryoprecipitate during 
LT.

On the other hand, clinical features of cholestatic 
cirrhosis in children include ascites, splenomegaly, 
and thrombocytopenia attributed to portal hyperten-
sion rather than severe coagulopathy. In our study, 

F I G U R E  2   Trends of conventional coagulation tests during pediatric LT. In children with ALF, preanhepatic measurements of 
conventional coagulation tests revealed more hypocoagulable states than those with other liver diseases (cholestatic disease, metabolic/
genetic disease, and cancer). Throughout the LT phases, PLT was significantly lower in ALF compared with cholestatic disease. The 
fibrinogen level was also lower in ALF than in the cholestatic disease and cancer groups. During the neohepatic phase, there was no 
significant difference in conventional coagulation tests between the groups except for the PLT. The median value is shown as a solid line, 
whereas the box indicates the 25th–75th percentile range. Whiskers extend to the 5th and 95th percentiles. *p < 0.05 
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F I G U R E  3   Changes in ROTEM® parameters during pediatric LT. Preanhepatic ROTEM® measurements show more hypocoagulable 
states in children with ALF than in those with other liver diseases (cholestatic disease, metabolic/genetic disease, and cancer). Notably, 
ALF has lower EXTEM and FIBTEM MCF values than the cholestatic disease and cancer groups. However, the differences disappear in the 
anhepatic and neohepatic phases with escalating coagulopathy in patients with other liver diseases. The median value is shown as a solid 
line, whereas the box indicates the 25th–75th percentile range. Whiskers extend to the 5th and 95th percentiles. *p < 0.05. 

F I G U R E  4   Correlations between conventional coagulation tests and ROTEM® parameters. PLT is significantly correlated with the 
EXTEM MCF (r = 0.830, p < 0.001). The fibrinogen concentration is also highly correlated with the MCF on FIBTEM (r = 0.739, p < 0.001). 
The correlations between the conventional coagulation tests and the ROTEM® parameters are also significant when the data are analyzed 
according to the etiology of the liver disease (ALF, red circle; cholestatic disease, green triangle; metabolic/genetic disease, blue square; 
and cancer, purple cross) 
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baseline coagulation of patients with cholestatic dis-
ease was relatively preserved. This might be explained 
by the fact that most cases in the cholestatic disease 
group were biliary atresia, which involves abnormal 
cholestasis rather than decreased hepatic synthetic 
function.[15] The metabolic/genetic disease group 
showed indistinct features of hemostasis because 
of the wide spectrum of disease entity, which was 

composed of disorders with enzyme defects (ornithine 
transcarbamylase deficiency, primary hyperoxaluria, 
and methylmalonic acidemia), congenital absence 
of the portal vein, and Wilson's disease. Metabolic/
genetic disease rarely affect coagulation system, be-
cause deficient synthesis is associated with specific 
metabolic pathways related to extrahepatic organ 
function.[27,28] Patients with a congenital absence of 

F I G U R E  5   ROC curve analysis with the AUC of EXTEM and FIBTEM predicting thrombocytopenia and hypofibrinogenemia. On the 
EXTEM, MCF with 30 mm predicts PLT <30,000/mm3 (AUC, 0.985), and 6 mm of MCF predicts fibrinogen concentration <100 mg/dl on the 
FIBTEM (AUC, 0.876) 
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the portal vein also show normal liver function in pre-
operative tests and an absence of cholestasis in per-
manent liver biopsy.[29] However, distinct from other 
metabolic diseases, the coagulation profile of Wilson's 
disease was associated with an acute exacerba-
tion of liver function on chronic disease. Most cases 
in the cancer group were hepatoblastoma (9 of 11),  
which may not induce liver dysfunction and portal 
hypertension. However, coagulation function may be 
influenced by procoagulant features related to neoad-
juvant cisplatin or thrombocytosis by thrombopoietin 
via tumor cells.[30,31]

During LT, coagulopathy becomes further exacerbated 
by several causes. In the preanhepatic phase, surgical 
trauma, anatomical complexity, and a history of a prior 
operation could cause significant bleeding, resulting in 
the consumption of coagulation factors and dilutional co-
agulopathy related to massive transfusion.[32] Hemostatic 
derangement in the anhepatic phase is further wors-
ened by hyperfibrinolysis. After graft reperfusion, isch-
emic/reperfusion injury, heparin-like effects, and tissue 
plasminogen activator release also contribute to abnor-
malities in the coagulation system.[33,34] Consequently, 
hypocoagulability in CLD group remarkably deteriorate 
after graft reperfusion, as well as ALF group.

Although children undergoing LT have “hypocoagula-
ble” characteristics, their actual hemostatic function rep-
resented by clot firmness and strength on the ROTEM® 
are often preserved, which may be explained by “rebal-
anced hemostasis.”[35] As liver function progressively 
decreases, anticoagulation involving clot lysis is also 
reduced along with procoagulation factors. A decrease 
in PLT is sustained, but plasma von Willebrand factor 
increases with decreased a disintegrin and metallopro-
teinase with a thrombospondin type 1 motif, member 13, 
known as von Willebrand factor-cleaving protease to act 
as a facilitator of platelet adhesion.[36,37] However, rebal-
anced hemostasis in liver disease is unstable and at risk 
of bleeding and thrombosis within a narrow functional 
reserve. Therefore, it is crucial to precisely assess the 
actual hemostatic function in real time. In this regard, 
conventional coagulation tests including aPTT and PT 
have critical shortcomings for the comprehensive as-
sessment of coagulation function because aPTT and PT 
cannot reflect anticoagulation factors such as protein C, 
antithrombin, tissue factors, and endothelial function.[26] 
In fact, children who have severely prolonged aPTT and 
PT show a variety of distributions of CT values on the 
INTEM and EXTEM, respectively. The discrepancy be-
tween aPTT/PT and INTEM/EXTEM CT is in line with a 
previous study on children with dilutional coagulopathy 
during major surgery that showed only a modest cor-
relation between EXTEM CT and PT (r  =  0.460) and 
between INTEM CT and aPTT (r = 0.723).[9] Collectively, 
conventional coagulation time and CT from the ROTEM® 
are not interchangeable in children undergoing LT. 
Given the fact that there is limited reserve of hemostatic 

balance in these patients, transfusions based only on 
the results from conventional tests may break the rebal-
anced state within a narrow range, resulting in bleeding 
or thrombosis.

Using the ROC curve analysis, we found clot firm-
ness parameters (i.e., MCF) on EXTEM and FIBTEM 
could be a reliable parameter to predict thrombocyto-
penia and hypofibrinogenemia in children undergoing 
LT. In pediatric LT, the threshold of EXTEM MCF for 
predicting a PLT of 30,000/mm3 was higher (30  mm) 
and FIBTEM MCF predicting fibrinogen of 100 and 
150 mg/dl were lower (6 and 8 mm, respectively) than 
those of adult LT.[38] Considering that ROTEM® is a 
functional test, these results suggest that clot firmness 
might be maintained even with a range of very low PLT. 
On the contrary, clot firmness may be maintained at a 
relatively higher level of fibrinogen. Consequently, the 
transfusion threshold during pediatric LT should be de-
termined according to the MCF on the ROTEM® and 
clinical bleeding rather than the PLT or fibrinogen level.

In this study, several limitations need to be considered. 
First, its retrospective study design could have resulted in 
selection and information bias. Second, when identifying 
the difference in baseline coagulation profiles according 
to the etiology of the liver disease, we analyzed samples 
measured during the preanhepatic phase instead of the 
earlier phase to include as many samples as possible 
in the analysis. Because our study was a retrospective 
observational study, there were some missed samples, 
especially before the preanhepatic phase. However, be-
cause the time interval from induction to the preanhepatic 
phase is relatively short in the pediatric population, there 
might be fewer possibilities of a change in the coagulation 
state until the preanhepatic phase. Thus, it would be al-
lowable to adopt the time point of the preanhepatic phase 
for analyzing the baseline coagulation status. Third, de-
spite the developmental changes in hemostasis in chil-
dren, especially until 6  months of age,[14] we could not 
consider coagulation profiles according to the age of the 
recipients because only a few recipients were younger 
than 6 months old. Fourth, although we grouped study 
patients into four groups based on clinical characteristics, 
the small number of patients in each of group might limit 
significant statistical differences in comparing coagula-
tion profiles between groups. Finally, because our study 
was focused on pediatric LT, resulting in a small num-
ber of study samples, it was difficult to validate the ROC 
curve analysis by splitting samples into training and test 
cohorts. We performed bootstrap internal validation and 
identified the significant relations in the estimated cutoff 
values. Nevertheless, our results should be considered 
as preliminary, and further evaluation and external valida-
tion in a large cohort are warranted to validate our results.

In conclusion, in children undergoing LT, coagulation 
profiles are characterized depending on etiologies of 
liver disease. Throughout the phases of LT, hemostatic 
function is deranged in all groups, which can be timely 
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monitored by ROTEM® tests. Notably, clot firmness on 
thromboelastometry could reliably discriminate throm-
bocytopenia and hypofibrinogenemia during pediatric 
LT. This result suggests that ROTEM® can be a valu-
able point-of-care test for guiding transfusion of PLT 
and fibrinogen in children undergoing LT. Further data 
are needed to ascertain whether transfusion guided by 
thromboelastometry contributes to the outcomes related 
to thrombosis and bleeding in pediatric LT.

CO N FLI CT O F I NT E R EST
Nothing to report.

R E FE R E N C E S
	 1.	 Lisman T, Porte RJ. Rebalanced hemostasis in patients with 

liver disease: evidence and clinical consequences. Blood. 
2010;116:878–85.

	 2.	 Tripodi A, Mannucci PM. The coagulopathy of chronic liver dis-
ease. N Engl J Med. 2011;365:147–56.

	 3.	 Agarwal B, Wright G, Gatt A, Riddell A, Vemala V, Mallett S, 
et al. Evaluation of coagulation abnormalities in acute liver fail-
ure. J Hepatol. 2012;57:780–6.

	 4.	 Hardikar W, Poddar U, Chamberlain J, Teo S, Bhat R, Jones B, 
et al. Evaluation of a post-operative thrombin inhibitor replace-
ment protocol to reduce haemorrhagic and thrombotic com-
plications after paediatric liver transplantation. Thromb Res. 
2010;126:191–4.

	 5.	 Orlandini M, Feier FH, Jaeger B, Kieling C, Vieira SG, Zanotelli 
ML. Frequency of and factors associated with vascular com-
plications after pediatric liver transplantation. J Pediatr (Rio J). 
2014;90:169–75.

	 6.	 Sujka J, Gonzalez KW, Curiel KL, Daniel J, Fischer RT, 
Andrews WS, et al. The impact of thromboelastography on re-
suscitation in pediatric liver transplantation. Pediatr Transplant. 
2018;22:e13176.

	 7.	 Nacoti M, Cazzaniga S, Lorusso F, Naldi L, Brambillasca P, 
Benigni A, et al. The impact of perioperative transfusion of 
blood products on survival after pediatric liver transplantation. 
Pediatr Transplant. 2012;16:357–66.

	 8.	 Tripodi A, Chantarangkul V, Mannucci PM. Acquired coagula-
tion disorders: revisited using global coagulation/anticoagula-
tion testing. Br J Haematol. 2009;147:77–82.

	 9.	 Haas T, Spielmann N, Mauch J, Madjdpour C, Speer O, 
Schmugge M, et al. Comparison of thromboelastometry 
(ROTEM(R)) with standard plasmatic coagulation testing in 
paediatric surgery. Br J Anaesth. 2012;108:36–41.

	10.	 Roullet S, Pillot J, Freyburger G, Biais M, Quinart A, Rault A, 
et al. Rotation thromboelastometry detects thrombocytopenia 
and hypofibrinogenaemia during orthotopic liver transplanta-
tion. Br J Anaesth. 2010;104:422–8.

	11.	 Song JG, Jeong SM, Jun IG, Lee HM, Hwang GS. Five-minute 
parameter of thromboelastometry is sufficient to detect throm-
bocytopenia and hypofibrinogenaemia in patients undergoing 
liver transplantation. Br J Anaesth. 2014;112:290–7.

	12.	 Haas T, Goobie S, Spielmann N, Weiss M, Schmugge 
M. Improvements in patient blood management for pe-
diatric craniosynostosis surgery using a ROTEM((R)) 
-assisted strategy—feasibility and costs. Paediatr Anaesth. 
2014;24:774–80.

	13.	 Andrew M, Vegh P, Johnston M, Bowker J, Ofosu F, Mitchell L. 
Maturation of the hemostatic system during childhood. Blood. 
1992;80:1998–2005.

	14.	 Andrew M, Paes B, Milner R, Johnston M, Mitchell L, Tollefsen 
DM, et al. Development of the human coagulation system in the 
full-term infant. Blood. 1987;70:165–72.

	15.	 Nacoti M, Corbella D, Fazzi F, Rapido F, Bonanomi E. 
Coagulopathy and transfusion therapy in pediatric liver trans-
plantation. World J Gastroenterol. 2016;22:2005–23.

	16.	 Kang Y, Borland LM, Picone J, Martin LK. Intraoperative co-
agulation changes in children undergoing liver transplantation. 
Anesthesiology. 1989;71:44–7.

	17.	 Carlier M, Van Obbergh L, Veyckemans F, De Kock M, De Beys 
C, Lavenne-Pardonge E, et al. Hemostasis in children undergoing 
liver transplantation. Semin Thromb Hemost. 1993;19:218–22.

	18.	 Jin S-J, Kim S-K, Choi S-S, Kang KN, Rhyu CJ, Hwang S, et al. 
Risk factors for intraoperative massive transfusion in pediat-
ric liver transplantation: a multivariate analysis. Int J Med Sci. 
2017;14:173–80.

	19.	 Squires RH, Shneider BL, Bucuvalas J, Alonso E, Sokol RJ, 
Narkewicz MR, et al. Acute liver failure in children: the first 
348 patients in the pediatric acute liver failure study group.  
J Pediatr. 2006;148:652–8.

	20.	 Oswald E, Stalzer B, Heitz E, Weiss M, Schmugge M, Strasak 
A, et al. Thromboelastometry (ROTEM) in children: age-related 
reference ranges and correlations with standard coagulation 
tests. Br J Anaesth. 2010;105:827–35.

	21.	 Kozek-Langenecker SA, Ahmed AB, Afshari A, Albaladejo 
P, Aldecoa C, Barauskas G, et al. Management of severe 
perioperative bleeding: guidelines from the European Society 
of Anaesthesiology: first update 2016. Eur J Anaesthesiol. 
2017;34:332–95.

	22.	 Haas T, Spielmann N, Restin T, Seifert B, Henze G, Obwegeser 
J, et al. Higher fibrinogen concentrations for reduction of trans-
fusion requirements during major paediatric surgery: a prospec-
tive randomised controlled trial. Br J Anaesth. 2015;115:234–43.

	23.	 Thiele C, Hirschfeld GJ. Cutpointr: improved estimation and 
validation of optimal cutpoints in R. 2020. https://arxiv.org/
abs/2002.09209

	24.	 VanWagner LB, Ning H, Whitsett M, Levitsky J, Uttal S, Wilkins 
JT, et al. A point-based prediction model for cardiovascular 
risk in orthotopic liver transplantation: the CAR-OLT score. 
Hepatology (Baltimore, MD). 2017;66:1968–79.

	25.	 Kwon H-M, Moon Y-J, Jung K-W, Park Y-S, Kim K-S, Jun I-G, 
et al. Appraisal of cardiac ejection fraction with liver disease 
severity: implication in post-liver transplantation mortality. 
Hepatology (Baltimore, MD). 2020;71:1364–80.

	26.	 Bulut Y, Sapru A, Roach GD. Hemostatic balance in pediatric 
acute liver failure: epidemiology of bleeding and thrombosis, 
physiology, and current strategies. Front Pediatr. 2020;8:618119.

	27.	 Menon J, Vij M, Sachan D, Rammohan A, Shanmugam N, 
Kaliamoorthy I, et al. Pediatric metabolic liver diseases: evolving 
role of liver transplantation. World J Transplant. 2021;11:161–79.

	28.	 Mazariegos G, Shneider B, Burton B, Fox IJ, Hadzic N, 
Kishnani P, et al. Liver transplantation for pediatric metabolic 
disease. Mol Genet Metab. 2014;111:418–27.

	29.	 Namgoong J-M, Hwang S, Kim D-Y, Ha T-Y, Song G-W, Jung 
D-H, et al. Pediatric liver transplantation using a hepatitis B sur-
face antigen-positive donor liver graft for congenital absence 
of the portal vein. Korean J Transplant. 2021;35:59–65. https://
doi.org/10.4285/kjt.20.0038

	30.	 Cruz RJ, Ranganathan S, Mazariegos G, Soltys K, Nayyar N, 
Sun Q, et al. Analysis of national and single-center incidence 
and survival after liver transplantation for hepatoblastoma: new 
trends and future opportunities. Surgery. 2013;153:150–9.

	31.	 Komura E, Matsumura T, Kato T, Tahara T, Tsunoda Y, Sawada 
T. Thrombopoietin in patients with hepatoblastoma. Stem Cells. 
1998;16:329–33.

	32.	 Clevenger B, Mallett SV. Transfusion and coagulation man-
agement in liver transplantation. World J Gastroenterol. 
2014;20:6146–58.

	33.	 Porte RJ. Coagulation and fibrinolysis in orthotopic liver trans-
plantation: current views and insights. Semin Thromb Hemost. 
1993;19:191–6.

https://arxiv.org/abs/2002.09209
https://arxiv.org/abs/2002.09209
https://doi.org/10.4285/kjt.20.0038
https://doi.org/10.4285/kjt.20.0038


      |  1639LIVER TRANSPLANTATION

	34.	 Senzolo M, Cholongitas E, Thalheimer U, Riddell A, Agarwal 
S, Mallett S, et al. Heparin-like effect in liver disease and liver 
transplantation. Clin Liver Dis. 2009;13:43–53.

	35.	 Kawada PS, Bruce A, Massicotte P, Bauman M, Yap J. 
Coagulopathy in children with liver disease. J Pediatr 
Gastroenterol Nutr. 2017;65:603–7.

	36.	 Hugenholtz GC, Adelmeijer J, Meijers JC, Porte RJ, Stravitz 
RT, Lisman T. An unbalance between von Willebrand fac-
tor and ADAMTS13 in acute liver failure: implications for 
hemostasis and clinical outcome. Hepatology. 2013;58:​
752–61.

	37.	 Werner MJM, Meijer VE, Adelmeijer J, Kleine RHJ, Scheenstra 
R, Bontemps STH, et al. Evidence for a rebalanced hemostatic 
system in pediatric liver transplantation: a prospective cohort 
study. Am J Transplant. 2020;20:1384–92.

	38.	 Jeong SM, Song JG, Seo H, Choi JH, Jang DM, Hwang GS. 
Quantification of both platelet count and fibrinogen concen-
tration using maximal clot firmness of thromboelastometry 

during liver transplantation. Transplant Proc. 2015;47:​
1890–5.

SU PPO RT I NG I N FO R M AT I O N
Additional supporting information may be found in the 
online version of the article at the publisher’s website.

How to cite this article: Cho J-K, Moon Y-J, 
Song I-K, Kang E-J, Shin W-J, Hwang G-S. A look 
into hemostatic characteristics during pediatric 
liver transplantation using the thromboelastometry 
(ROTEM®) test. Liver Transpl. 2022;28:1628–1639. 
https://doi.org/10.1002/lt.26463

https://doi.org/10.1002/lt.26463

	A look into hemostatic characteristics during pediatric liver transplantation using the thromboelastometry (ROTEM®) test
	Abstract
	INTRODUCTION
	PATIENTS AND METHODS
	Study population
	Anesthetic management
	Blood sampling and conventional coagulation tests
	ROTEM® measurements
	Coagulation profiles according to the etiology of the liver disease
	Statistical analysis

	RESULTS
	Patient demographics and intraoperative data
	Coagulation profiles according to the etiology of liver disease
	Correlations between conventional coagulation tests and ROTEM® parameters
	Cutoff values of ROTEM® for predicting thrombocytopenia and hypofibrinogenemia

	DISCUSSION
	CONFLICT OF INTEREST
	REFERENCES


