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Abstract
Background Sonoclot devices are used to monitor coagulation function in transplant patients. However,
the appropriate value of Sonoclot parameters for reducing postoperative thrombosis in pediatric liver
transplantation is not clear. Therefore, the aim of the study was to investigate the effect of coagulation
monitoring by Sonoclot devices on early postoperative thrombosis after liver transplantation in children.

Method The clinical data of 200 children with elective liver transplantation were collected. The effects of
coagulation function monitoring by Sonoclot devices 1 h after ischemia-reperfusion on early thrombosis
were analyzed. Receiver operating characteristic (ROC) analysis was used to obtain the sensitivity and
cutoff value of Sonoclot parameters for the diagnosis of thrombosis.

Results A total of 38 (19%) patients had thrombosis complications. 23 cases (11.5%) had postoperative
hepatic artery thrombosis and 15 cases (7.5%) had portal vein and hepatic vein thrombosis. Sonoclot
coagulation parameters included the following: for the thrombosis group & non-thrombosis group, whole
blood activated clotting time (ACT): 178.5 ± 33.2 & 280.4 ± 58.6 (p < 0.05), clotting rate (CR): 12.4 ± 5.4 &
11.5 ± 5.7 (p > 0.05), and platelet function (PF): 3.0±1.4 & 2.6±1.1 (p>0.05). Univariate and multivariate
analyses showed that ACT was an independent risk factor for postoperative thrombosis. ROC analysis
found that the sensitivity of ACT for the diagnosis of postoperative thrombosis was 94.7%, and the ACT
cutoff value to predict early postoperative thrombosis was 228.5 s.

Conclusion ACT after ischemia-reperfusion was a risk factor for early postoperative thrombosis. It is
recommended that ACT be maintained above 228.5 s to reduce postoperative thrombosis.

Trial registration

Approval was obtained from the Ethics Committee of Tianjin First Center Hospital in China (Approval
Number: 2016N0039KY), and written informed consent was obtained from eligible guardians. This study
has been registered in clinical trial (ClinicalTrials.gov ID: ChiCTR1900026125). All processes were ethical.

Background
Pediatric liver transplantation is the preferred treatment for children suffering from end-stage liver
disease[1]. The postoperative short- and long-term survival rate has continuously improved, and the
survival rate at 1, 5, and 10 years after surgery is as high as 95%, 80%, and 60%, respectively[2, 3]. It is
undeniable that there are still some problems after liver transplantation. Some large traumas and
irritations, such as hepatic failure, long operation time, massive hemorrhage, blood transfusion, and
perioperative ischemia and reperfusion, could cause coagulation disorders, which not only cause major
intraoperative and postoperative blood loss, arrhythmia, thrombosis and other vascular complications but
also affect postoperative graft function recovery and overall quality of life. Unlike adults, for children,
postoperative thrombosis is the most serious and common complication[4]. Blood �ow signals that are
too fast or too slow may have a trend of developing into thrombosis, especially at the anastomotic site.
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There are many factors that in�uence thrombosis, among which anastomotic stenosis and
hypercoagulability are important factors[5]. Therefore, except for surgical technique problem, perioperative
coagulation monitoring is frequently performed during liver transplantation in children to guide pro- and
anticoagulant therapies.

Sonoclot analyzer is a point-of-care coagulation monitoring system that assesses the viscoelastic
properties of whole blood[6]. It is bene�cial for blood to be analyzed at the bedside, and Sonoclot
analyzers allow a faster turnaround time. In addition, Sonoclot analyzers assess the whole blood
coagulation status and provide useful information on platelet function[7]. Sonoclot devices are used in
situations of abnormal coagulation, such as cardiac and liver transplant surgery[8, 9]. However, the use of
a Sonoclot in pediatric liver transplantation, which involves complex coagulopathy, has not been well
elucidated. Therefore, in this study, a Sonoclot analyzer was used to determine changes in coagulation
function after ischemia-reperfusion and to explore the optimal coagulation values for reducing
postoperative thrombosis.

Methods

Patients
The study was conducted at a transplant center (Tianjin First Central Hospital). After obtaining
institutional ethics committee approval in our hospital, 200 patients aged between 6 months and 2 years
who underwent selected liver transplantation for biliary atresia disease were enrolled in this observational
study. The exclusion criteria were as follows: children with congenital heart disease, central nervous
system disease, or retransplantation; patients treated with heparin drugs during surgery; and patients with
severe arrhythmia, major bleeding and other complications during the operation. All the living donors
were family members (fathers or mothers).

General anesthesia was performed on all patients with endotracheal intubation. Combined intravenous
and inhalational (sevo�urane) anesthetics, muscle relaxants, and opioids were implemented in all
patients to maintain intraoperative anesthesia. Traditional monitoring methods were used to monitor
patients' vital signs during surgery; the invasive monitors included an intraarterial catheter and central
venous catheter. All data were obtained from the liver transplant and anesthesia records, and the
procedures were performed by the same group of surgeons.

Blood Coagulation Monitoring
According to a previous study, Sonoclot devices (Sienco, Inc., Arvada, CO, USA) can be used to monitor
coagulation[9]. Additionally, in the clinic, coagulation function was routinely monitored in our department
with Sonoclot devices during perioperative liver transplantation, especially after reperfusion. It was
clari�ed that coagulation function disorder was exacerbated as the operation progresses. Activated
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partial thromboplastin time (APTT) was prolonged, platelet count (PLT) and �brinogen (Fib) were
decreased and rebounded peak in the initial phase of the new-liver stage[10]. We found that from 1 h after
reperfusion until the end of surgery, the coagulation function tended to be stable if there was no other
intervention. Therefore, the Sonoclot coagulation monitoring data at 1 h after ischemia-reperfusion were
collected, including whole blood activated clotting time (ACT), clotting rate (CR), and platelet function
(PF). All data were stored on the Sonoclot machine.

Clinical Data Collection
We collected the following preoperative, intraoperative and postoperative data. The following
preoperative variables were included: patient characteristics, pediatric end-stage liver disease (PELD)
scores, serum bilirubin, serum albumin, aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and the international normalized ratio (INR). Intraoperative data were the graft cold ischemia time,
anhepatic time, urine output, bleeding volume, blood products and the duration of surgery. Postoperative
data included the highest AST, ALT and total bilirubin levels during the �rst week after the operation, the
intensive care unit (ICU) stay time, and other complications such as mortality, secondary transplant, and
abdominal laparotomy one month after transplantation. After discharge from the hospital, the children
were followed up regularly through the hospital follow-up center to monitor their condition.

Thrombosis Diagnostic Criteria
We followed up and observed the occurrence of thrombosis within one week after surgery. The diagnostic
criteria for thrombosis were as follows[11]: 1. Postoperative transaminase and bilirubin levels were
important indicators for early diagnosis; 2. Angiography was the gold standard for the diagnosis of
thrombosis; 3. Ultrasound Doppler could effectively detect vascular patency, which is a powerful
screening method. The most common manifestations were the loss of blood �ow signal or an increased
resistance index (RI)[12]. In this study, the early state of thrombosis, such as the slowing and fasting of
blood �ow, was also regarded as thrombosis. Because according to our previous observations, these
abnormal blood �ow signals can easily form into thrombosis in the end. In the later analysis process, we
classi�ed the patients with abnormal blood �ow signal as the thrombosis group. Daily ultrasound
examination, which was the most important test, was performed to detect the blood �ow within one week
after surgery in our center.

Statistical analysis
All the data were analyzed using the SPSS 23.0 software package for Windows (SPSS, Inc., Chicago, IL,
USA). Absolute number (n), frequency, percentage and mean ± standard deviation (SD) were shown, as
appropriate, to describe the data. The χ2 test and Fisher’s exact test were used for the categorical
variables. Logistic regression models were used to detect the risk factors associated with the Sonoclot
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variables and thrombosis. Data were reported as odds ratios (ORs) with corresponding 95% con�dence
intervals (CIs). Receiver operating characteristic (ROC) analysis was used to analyze the effect of
Sonoclot parameters on thrombosis. The cutoff value was determined by the maximum Youden index
with optimal sensitivity and speci�city. Patient survival was analyzed using Kaplan-Meier survival
analysis and compared using the log-rank test. A P value < 0.05 was considered statistically signi�cant
for all variables.

Results

Baseline demographics
A total of 238 patients underwent regular coagulation monitoring. Among these patients, 5 were
retransplant cases, 10 had congenital heart disease or other diseases, 12 had massive hemorrhage
during or after surgery, and 11 were lost to follow-up. Finally, 200 patients met the inclusion criteria in this
trial.

Postoperative Complications And Outcomes
A total of 38 cases (19%) had thrombosis complications in 200 children within 1 week after surgery.
Among them, 23 cases (11.5%) had hepatic artery thrombosis and 15 cases (7.5%) had portal vein and
hepatic vein thrombosis. 3 patients (1.5%) was found thrombosis both in arterial and venous blood
vessels. Among patients with abnormal arterial blood �ow signals, 12(6%) had no blood �ow signals,
5(2.5%) showed fast blood �ow signals, and 6(3%) showed slow blood �ow signals detected by
ultrasound. For patients with abnormal venous blood �ow signals, 7(3.5%) showed no blood �ow signals,
4(2%) showed fast blood �ow signals, and 4(2%) showed slow blood �ow signals. Three patients died
(1.5%, 2 patients died of multiple organ failure caused by hepatic artery thrombosis, 1 died of acute
rejection) within 1 month after the operation. Four patients (2%) had to undergo transplantation again
because of graft failure. Eight patients underwent balloon dilation to recanalize blood vessels or relieve
anastomotic stenosis. The outcomes are shown in Table 1.
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Table 1
Early complications after liver transplantation in children

Complications Cases(n) Persentage(%)

Total thrombosis 38 19.0

Hepatic artery thrombosis (HAT) No blood
�ow

12 6.0

Faster �ow 5 2.5

Slower �ow 6 3.0

Portal vein and hepatic vein thrombosis (PVT and
HVT)

No blood
�ow

7 3.5

Faster �ow 4 2.0

Slower �ow 4 2.0

Both arterial venous thrombosis 3 1.5

Death 3 1.5

Secondary into ICU 9 4.5

Re-transplantation 4 2.0

Exploratory laparotomy 8 4.0

Balloon dilatation 8 4.0

According to the complications regarding the blood �ow signals, we divided the patients into thrombosis
group (n = 38) and non-thrombosis group (n = 162). Two patients in thrombosis group died within 1
month after surgery, and one patient in non-thrombosis group died. Three patients in thrombosis group
underwent retransplantation, while one patient in non-thrombosis group underwent retransplantation. The
prognosis showed that the early mortality, retransplantation rate, secondary ICU rate, and postoperative
laparotomy rate were higher and the ICU stay after surgery was longer in thrombosis group. In addition,
the highest level of transaminase (ALT, AST) in thrombosis group was higher than that in non-thrombosis
group (Table 2).
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Table 2
Comparison of postoperative conditions between two groups

Outcomes Thrombosis group(n = 
38)

Non-thrombosis group(n = 
162)

Death [n(%)] 2(5.3%) 1(0.6%)*

Re-transplantation [n(%)] 3(7.9%) 1(0.61%)*

ICU stay time (d) 4.2 ± 1.0 3.2 ± 0.5*

Secondary into ICU [n(%)] 4(10.5%) 5(3%)*

Post-laparotomy [n(%)] 5(13.1%) 3(1.9%)*

Postoperative ALT peak, IU/L
[median(IQR)]

458.4(178.9-498.3) 287.4(198.9-328.2) *

Postoperative AST peak, IU/L
[median(IQR)]

145.5(80.8-275.4) 78.3(65.9-154.8) *

Note: *P < 0.05.

We compared the three parameters of the Sonoclot monitor at 1 h after reperfusion and found that there
was a difference in ACT between the two groups, and there were no signi�cant differences in CR or PF
between the two groups. The ACT value was lower in thrombosis group than in non-thrombosis group
(178.5 ± 33.2 & 280.4 ± 58.6, P < 0.05) (Table 3).

Table 3
Comparison of Sonoclot parameters at 1 h after reperfusion

parameters Thrombosis group(n = 38) Non-thrombosis group(n = 162)

ACT(s) 178.5 ± 33.2 280.4 ± 58.6*

CR 12.4 ± 5.4 11.5 ± 5.7

PF 3.0 ± 1.4 2.6 ± 1.1

Note: *P < 0.05.

Predisposing factors for thrombosis within 1 week after liver transplantation

The results comparing baseline characteristics and perioperative information between the two groups of
patients are shown in Table 4. Patients in thrombosis group had a younger age, lower body weight, and
higher PELD score. During the surgery, patients in thrombosis group had a longer anhepatic time and
graft cold ischemia time. Patients in thrombosis group received more plasma (P < 0.05). The other
variables were not statistically signi�cant between the two groups (Table 4).
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Table 4
Comparison of preoperative and intraoperative parameters between the two groups

Variables Thrombosis group(n = 
38)

Non-thrombosis group(n = 
162)

Age(m) 6.2 ± 1.7 7.6 ± 2.0*

Male [n(%)] 22 (57.9) 88 (54.3)

Weight(kg) 6.9 ± 1.4 7.5 ± 2.1

Height(cm) 50.7 ± 11.7 61.6 ± 7.3*

Anhepatic time(min) 54.5 ± 12.4 42.9 ± 99.7*

Pre-AST(IU/L) 164.7 ± 34.5 176.4 ± 42.5

Pre-ALT(IU/L) 309.3 ± 56.2 323.0 ± 45.8

Pretransplant creatinine (µmol/L),
[median(IQR)]

8.4 (5.2–16.9) 11.3 (5.0-15.6)

Pre-INR 1.4 ± 0.3 1.7 ± 0.3

PELD score 21.1 ± 3.2 16.2 ± 2.4*

Graft cold ischemia time(min) 95.4 ± 16.4 77.4 ± 15.1*

Intraoperative blood transfusion, u
[median(IQR)])

3.5 (1.5–3.5) 3.5 (1.0–3.0)

Intraoperative frozen plasma
transfusion(ml)

443.5 ± 126.6 334.5 ± 174.4*

Intraoperative bleeding volume, ml
[median(IQR)]

200.0 (150.0-350.0) 250.0 (200.0-350.0)

Intraoperative urinary volume (ml) 484.3 ± 176.5 503.6 ± 170.2

Operation time, hours[median(IQR)] 8.5 (7.0–11.0) 8.5 (7.5–11.0)

NOTE: All P values for the variables presented as n(%) were obtained with the chi-square test. The
variables presented as mean ± SD were obtained with the Student t test, and the P values presented
as median and interquartile range (IQR) were obtained with the Wilcoxon rank sum test. *P 0.05.

We included the meaningful variables in Table 4 and ACT into a multivariate regression analysis and
found that PELD [OR = 0.557 (1.205–2.529), P = 0.003], graft cold ischemia time [OR = 0.070 (1.002–
1.148), P = 0.045] and ACT [OR= -0.078 (0.884–0.967), P = 0.001] were independent risk factors for
postoperative thrombosis (Table 5).
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Table 5
Predisposing factors for postoperative thrombosis by multivariate regression analysis

Variables B SE Wald P Exp(B) 95% CI

PELD 0.557 0.189 8.668 0.003 1.745 1.205 2.529

Graft cold ischemia time 0.070 0.035 4.021 0.045 1.072 1.002 1.148

ACT -0.078 0.023 11.905 0.001 0.925 0.884 0.967

Cutoff Point For Act By Roc Analysis
ROC analysis was used to identify potential cutoff points for ACT. As shown in Fig. 1 and Table 6,
intraoperative ACT (1 h after ischemia-reperfusion) of > 228.5 s was associated with the maximum
Youden index, with optimal sensitivity and speci�city.

Table 6
Sensitivity and speci�city for the optimal cut-off values of ACT for

thrombosis by ROC analysis
AUC Sensitivity(%) Speci�city(%) 95% CI Youden Index

0.92 0.947 0.802 0.934–0.983 228.5

Survival Rate Within 1 Month After Surgery
The survival rate within 1 month after surgery was found to be lower in the thrombosis group than in the
non-thrombosis group (94.7 & 99.4, P = 0.03) (Fig. 2).

Discussion
Pediatric liver transplantation is an important part of clinical liver transplantation for children suffering
from end-stage liver disease[13]. Recently, data promulgated by a Japanese research team showed that
the graft survival rates were 90.5%, 90.4%, 84.6%, 82.0%, 79.9% 1, 5, 10, and 20 years after surgery,
respectively[14]. It was the largest cohort study and followed a total of 2085 children worldwide to observe
the overall survival in children with biliary atresia after liver transplantation. The results showed that the
postoperative survival rate had improved substantially. However, there are still a series of complications
after surgery that affect quality of life. Bleeding and coagulopathy are critical issues complicating
pediatric liver transplantation and contributing to morbidity and mortality in cirrhotic children. Vascular
complications are common in pediatric liver transplantation[15]. In fact, thrombosis remains the primary
cause of early graft failure and retransplantation within the �rst 30 d after surgery, and it occurs despite
prolongation of standard coagulation assays[4]. Vessel anastomosis between the donor and recipient is
more di�cult because the blood vessels do not match well and the blood vessels of children are thinner
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than adults[16, 17]. The blood �ow signal at the anastomosis of the liver vessel tends to be abnormal after
operation, which may cause serious complications such as thrombosis. Perioperative coagulation should
not be overcorrected; otherwise, thrombosis can easily develop during and after surgery. Thus, it is
important to correct coagulation function accurately. This study found that perioperative coagulation
affected the occurrence of postoperative liver blood �ow signals. The most common vascular
complication after surgery was thrombosis. Sonoclot analyzers can be used to monitor coagulation
function in pediatric liver transplantation. After ischemia-reperfusion, the Sonoclot parameter ACT was a
risk factor for postoperative thrombosis. It was recommended that ACT be maintained above 228.5 s 1 h
after ischemia-reperfusion until the end of surgery to reduce the incidence of abnormal postoperative
blood �ow.

The liver is a site of synthesis for most coagulation factors and anticoagulant substances. The special
pathophysiological changes in liver transplantation lead to a large change in perioperative coagulation
function. Children with biliary atresia develop cirrhosis before surgery, affecting the synthesis and release
of coagulation factors. Clotting factor production is signi�cantly reduced in the perioperative period
anhepatic phase. The release of toxic substances that accumulate from the lower part of the body and
perfuse the donor liver after ischemia-reperfusion causes a large blow to the neohepatic stage liver[10, 18].
Liver coagulation function drops again. The coagulation function of the body in the neohepatic stage is
the worst. We call this phenomenon the “heparin-like effect”[19]. According to clinical practice, the donor
liver was not exposed to heparin in the related liver transplantation, so the coagulation function tended to
be stable from 1 h after reperfusion to the end of the operation. During the anhepatic phase and after
ischemia-reperfusion, it is necessary to actively and accurately correct blood coagulation to prevent
surgical bleeding and excessive correction of coagulation, which can lead to blood stasis and
thrombosis[20].

In fact, thrombosis remains the primary cause of early graft failure and retransplantation within the �rst
30 d following surgery, and it occurs despite prolongation of standard coagulation assays. Hepatic artery
thrombosis is the most common vascular complication after liver transplantation, with an incidence of
6%-15%, of which 22.7% require secondary liver transplantation[21, 22]. The portal vein thrombosis rate is
4%-10%, easily leading to portal hypertension[4]. In our study, the incidence rate of patients with
thrombosis after surgery was 19%. Among them, 11.5% had abnormal arterial signals and 7.5% had
abnormal venous signals. We regarded the patients with abnormal blood �ow signals including fast or
slow blood �ow in the anastomosis or whole blood vessels as thrombosis group. Because patients with
these abnormal blood �ow signals were likely to eventually form irreversible thrombosis. There are many
reasons for the incidence of thrombosis, among which anastomotic stenosis and hypercoagulability are
important factors[23]. Thus, hypercoagulability during liver transplantation deserves a closer look as
thromboembolic events are associated with high morbidity and mortality rates[24].

There are many methods for monitoring coagulation function, including traditional detection of PT, INR,
APTT, etc. Some equipment, such as TEG (thromboelastography) and Sonoclot coagulation analyzers
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have been widely used clinically, especially in heart surgery and transplant surgery[25–27]. However, the
value of these traditional parameters, such as PT and APTT, has been questioned in the acute
perioperative setting because of the delay between blood sampling and obtaining the results.
Additionally, these tests are carried out on plasma rather than whole blood, and they do not provide much
information about platelet function[28]. Currently, TEG is widely used in major operations, such as heart
surgery and adult liver transplant, because it contains many parameters for accurately monitoring the
coagulation system. However, TEG requires specialized personnel and has a high cost. The most
important thing is that both traditional detection methods and TEG detection take a long time to obtain
results and cannot provide monitoring in real time[29]. The environmental changes during the
perioperative period of liver transplantation are faster. Therefore, real-time monitoring is required for
proper coagulation adjustment. The Sonoclot analyzer is a point-of-care coagulation monitoring system
that can immediately observe the patient's coagulation function, such as clotting factor levels, Fib levels,
and PF changes. The advantages Sonoclot devices show are that the blood is analyzed at the bedside,
allowing a faster turnaround time, and the coagulation status is assessed on whole blood, which is more
meaningful than a single index and is an effective means of detecting platelet function[30]. Sonoclot
devices are used in situations of abnormal coagulation, such as cardiac and liver transplant surgery[8].
Sonoclot analyzers monitor three basic parameters: ACT (the reference value is 119–195 s, and the
clinical reference signi�cance is greater), CR (the reference value is 7–23) and PF (the reference value is
1.5–4.5)[30]. Our study proved that Sonoclot devices could be used to guide the monitoring of coagulation
function during the perioperative liver transplantation period in children. The most meaningful parameter
was ACT. The value of ACT was lower in the thrombosis group, but there were no signi�cant differences
in CR and PF between the two groups. These results were consistent with clinical �ndings. Generally, we
infuse fresh frozen plasma with no infusion of �brinogen, platelets, etc.

It is very necessary to maintain a state of lower coagulation than normal for pediatric related-living donor
liver transplantation due to special physiological and pathological changes and anatomical features.
Therefore, the appropriate coagulation parameters according to Sonoclot devices have always been the
focus of our research. Under normal circumstances, the Sonoclot analyzer shows that the ACT is 115–
195 s. However, in our study, the ACT was maintained at a higher range to reduce postoperative
thrombosis. In this experiment, the ROC curve was used to analyze the ACT cutoff value and found that it
was better to maintain the ACT above 228.5 s to reduce the occurrence of abnormal blood �ow signals.
This cutoff value exceeded the standard ACT value of the Sonoclot machine (119–195 s), and the area
under the curve (AUC) was higher than 0.9. The diagnostic effect and reliability were higher. However, we
found that the number of postoperative bleeding cases was small. There was no relationship between the
intraoperative Sonoclot parameters and postoperative bleeding complications. Therefore, we did not
explore the maximum ACT that caused bleeding complications after surgery. In our center, we maintain
the ACT below 300 empirically, and no related intraoperative and postoperative excessive bleeding
occurs. Of course, this needs further exploration.
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Undeniably, our study had several limitations. First, our study was based on data from a single center. In
the future, multicenter research should be performed to verify the accuracy of the ACT value. In addition,
we only analyzed the range of Sonoclot parameters that affected postoperative thrombosis, while the
cutoff value for Sonoclot parameters that affect postoperative bleeding were not studied.

Conclusion
In summary, this study progressively proved the factors associated with abnormal early blood �ow
signals in children after liver transplantation and found that the ACT after ischemia-reperfusion was
related to postoperative thrombosis. Additionally, the ACT should be maintained above the normal range
to reduce early postoperative thrombosis.
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Figure 1

ROC curve analysis of ACT at 1 hour after reperfusion
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Figure 2

Comparison of survival rate between the two groups
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