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Abstract: (1) Background: Liver transplantation (LT) is associated with significant hemorrhage and
massive transfusions. Fibrinogen replacement has a key role in treating massive bleeding during
LT and hypofibrinogenemia is treated by fibrinogen concentrate or cryoprecipitate. However, these
two products are known to be associated with major thromboembolism events (MTEs). We aimed to
compare the effect of fibrinogen concentrate and cryoprecipitate on MTEs in living donor LT (LDLT)
recipients. (2) Methods: We analyzed 206 patients who underwent LDLT between January 2021
and March 2022. The patients were divided into two groups according to fibrinogen concentrate
or cryoprecipitate use. We compared the incidence of MTEs between the two groups. In addition,
we performed multiple logistic regression analyses to identify the risk factors for MTEs. (3) Results:
There was no significant difference in the incidence of MTEs (16 [14.7%] vs. 14 [14.4%], p = 1.000)
between the cryoprecipitate group and fibrinogen concentrate group. In the multivariate analysis,
cryoprecipitate (OR 2.09, 95%CI 0.85–5.11, p = 0.107) and fibrinogen concentrate (OR 2.05, 95%CI
0.82–5.12, p = 0.126) were not significantly associated with MTEs. (4) Conclusions: there was no
significant difference in the incidence of MTEs between cryoprecipitate and fibrinogen concentrate in
LDLT recipients.

Keywords: fibrinogen; liver transplantation; mortality; thromboembolism

1. Introduction

Patients undergoing liver transplantation (LT) are at risk of hemorrhage and receive
massive transfusions if needed [1]. Hemostatic and coagulopathy related to cirrhotic liver
disease are also known to cause massive bleeding in LT [2]. Fibrinogen has a key role
in hemostasis and activates platelet aggregation by binding to glycoprotein IIb and IIIa
receptors on platelet surfaces [3]. However, intraoperative fibrinogen levels are reduced
because of hemorrhage followed by resuscitation with fluids and fibrinogen-poor blood
products [4]. In cases of significant hemorrhage and hypofibrinogenemia, guidelines
recommend treatment with either cryoprecipitate or fibrinogen concentrate [5].

Although cryoprecipitate and fibrinogen concentrate are used to treat hypofibrinogen-
emia, there is concern about thromboembolic risk in using two products. Thromboembolic
complications including hepatic artery thrombosis are associated with a high rate of mor-
tality and graft loss in LT [6,7].

In particular, cryoprecipitate is considered to have a higher thromboembolic risk than
fibrinogen concentrate because cryoprecipitate is a non-purified product with platelet
microparticles, fibronectin, factor VIII, and von Willebrand factor [8]. Previous studies
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on patients undergoing cardiac surgery have reported that the two products have similar
thromboembolic risks [5,9]. However, a direct comparison of thromboembolic events
between the two products in living donor LT (LDLT) is lacking in the literature.

Therefore, the aim of this study was to evaluate the effect of cryoprecipitate and
fibrinogen concentrate on major thromboembolic events (MTEs) in patients undergoing
LDLT. In addition, the incidence of 30-day major adverse cardiovascular events (MACEs),
and 1-year graft failure and mortality were also compared between the two groups.

2. Materials and Methods
2.1. Study Design and Population

We analyzed LT recipients who underwent LDLT at our center between January 2021
and March 2022. Those who acquired hypofibrinogenemia were included and the following
patients were excluded: age < 18 years, history of allergic reaction to fibrinogen concentrate
or cryoprecipitate, did not receive any blood products transfusion, underwent multi-organ
transplantation surgery, or those with missing data.

The Institutional Review Board of Asan Medical Center (protocol no. 2022-0724) ap-
proved the study design and waived the requirement for written informed consent based on
the retrospective nature of the study. The research protocol followed the ethical guidelines
of the 1975 Declaration of Helsinki reflected in the prior approval of the institution’s human
research committee. Each transplantation procedure was evaluated and approved by the
local authorities and the Korean Network for Organ Sharing affiliated with the Ministry of
Health and Welfare of the Republic of Korea.

2.2. Data Collection

Patient demographics and perioperative variables were collected using the electronic
medical records of our institution. Patient characteristics included age, sex, diabetes mel-
litus (DM), hypertension (HTN), chronic kidney disease (CKD), coronary artery disease
(CAD), cerebrovascular accident (CVA), Model for End-stage Liver Disease score (MELD-
Na score), Child–Turcotte–Pugh score (CTP score), and causes for liver transplantation
(i.e., HBV-related liver cirrhosis, HCV-related liver cirrhosis, alcoholic liver cirrhosis, hep-
atocellular carcinoma). Intraoperative laboratory values included hemoglobin, platelet,
international normalized ratio (INR), creatinine, total bilirubin, albumin, aspartate transam-
inase (AST), alanine transaminase (ALT), and sodium. Variables related to intraoperative
transfusion included massive transfusion, unit of transfused packed red blood cell (pRBC),
fresh frozen plasma (FFP), platelet apheresis, cryoprecipitate, fibrinogen concentrate, base-
line fibrinogen level in plasma, maximum amplitude at 10 min and maximum clot firmness
in FIBTEM, and fibrinogen level in plasma after treatment protocol. Massive transfusion
was defined as the use of more than 10 units of PRBCs within 24 h or more than 4 units
within 1 h during surgery.

2.3. Transfusion Technique

Patients were divided into two groups according to whether they received fibrinogen
concentrate or cryoprecipitate. The transfusion criterion for using fibrinogen concentrate
or cryoprecipitate is fibrinogen < 80 mg or rotational thromboelastometry (ROTEM, Tem
International GmbH, Munich, Germany) FIBTEM-maximum clot firmness (MCF) < 4 mm.
Which blood product to use was determined by the anesthesiologist’s discretion and the
blood bank’s inventory. Fibrinogen concentrate dose was approximated using the following
formula [10]:

Dose = [target FIBTEM-MCF (mm) − current FIBTEM-MCF (mm)] × weight (kg)/140

Fibrinogen content in the cryoprecipitate varies (150 mg–200 mg) depending on
the manufacturer and blood donor. The U.S. Food and Drug Administration (FDA) for
fibrinogen content in cryoprecipitate requires a minimum of 150 mg per unit [11,12].
Accordingly, we assumed that 1 unit of cryoprecipitate contained 200 mg of fibrinogen,
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and for a 70 kg adult, 2 g of fibrinogen or 10 units of cryoprecipitate was used because
we targeted FIBTEM-MCF (mm) ≥ 8 mm. At our institution, intraoperative laboratory
values and ROTEM were measured three times during the preanhepatic, anhepatic, and
neohepatic periods.

2.4. Primary and Secondary Outcomes

The primary outcome was a composite of an MTE such as portal and hepatic vein
thrombosis, hepatic artery thrombosis, intra-cardiac thrombus, pulmonary embolism,
and ischemic stroke (by ultrasonography, transesophageal echocardiography, computed
tomography) during 30 days after LDLT. Secondary outcomes were 30-day MACE, 1-year
graft failure, and 1-year mortality.

A MACE was defined as the composite of postoperative cardiovascular mortality, atrial
fibrillation, ventricular arrhythmias, ST-T wave changes with chest tightness, myocardial
infarction [13].

2.5. Statistical Analysis

Data are presented as mean ± standard deviation, median (interquartile range [IQR]),
or number (proportion), as appropriate. We used the chi-squared test or Fisher’s exact
test for categorical variables and Student’s t-test or Mann–Whitney U test for continuous
variables. Multivariable logistic regression analysis was applied to identify the risk factors
for MTEs. We performed multiple logistic regression analysis including patients (n = 105)
who did not receive cryoprecipitate and fibrinogen concentrate but received pRBC or FFP
transfusion. All variables with p values < 0.1 in the univariate analysis were included in the
multivariate analysis by backward elimination. Kaplan–Meier survival curve was used to
depict the risk of 1-year mortality and graft failure. The log-rank test was used to evaluate
differences between curves. All data were analyzed using SPSS Statistics for Windows,
version 22.0 (IBM Corp., Armonk, NY, USA) or R version 3.1.2 (R Foundation for Statistical
Computing, Vienna, Austria).

3. Results

Of the 570 patients who underwent LDLT at our institution during the study period,
364 patients were excluded according to the exclusion criteria. In total, 311 patients were
divided into the cryoprecipitate group (n = 109), fibrinogen concentrate group (n = 97), and
recipients who received a pRBC or FFP transfusion without cryoprecipitate or fibrinogen
concentrate (n = 105). (Figure 1)
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Table 1 shows the baseline characteristics and perioperative variables of the study
patients. The median recipient age was 56 (50.0–62.0) years and 147 (71.4%) were men. Of
the 206 recipients, 63 (30.6%) had DM, 45 (21.8%) had HTN, 8 (3.9%) had CKD, 5 (2.4%)
had CAD, and 5 (2.4%) had CVA. Alcoholic liver cirrhosis (n = 89, 43.2%) was the most
common cause of LT, followed by hepatocellular carcinoma (n = 80, 38.8%), HBV-related
liver cirrhosis (n = 80, 38.8%), and HCV-related liver cirrhosis (n = 11, 5.3%).

Table 1. Baseline characteristics of the study population.

Cryoprecipitate Group
(n = 109)

Fibrinogen Group
(n = 97)

Total
(n = 206) p-Value

Demographic data
Age 55.0 (48.0–61.0) 58.0 (52.0–63.0) 56.0 (50.0–62.0) 0.046
Sex, male 75 (68.1) 72 (74.2) 147 (71.4) 0.481
BMI 22.9 (20.2–26.0) 23.7 (21.3–26.9) 23.2 (20.6–26.4) 0.101
Diabetes 32 (29.4) 31 (32.0) 63 (30.6) 0.800
Hypertension 23 (21.1) 22 (22.7) 45 (21.8) 0.916
CKD 5 (4.6) 3 (3.1) 8 (3.9) 0.847
CAD 3 (2.8) 2 (2.1) 5 (2.4) 1.000
CVA 3 (2.8) 2 (2.1) 5 (2.4) 1.000
MELD-Na score 18.0 (10.0–27.0) 15.0 (11.0–21.0) 17.0 (10.0–24.0) 0.368
CTP score 9.0 (7.0–11.0) 9.0 (7.0–10.0) 9.0 (7.0–11.0) 0.538

Cause for LT
HBV LC 43 (39.5) 37 (38.1) 80 (38.8) 0.961
HCV LC 5 (4.6) 6 (6.2) 11 (5.3) 0.842
Alcoholic LC 50 (45.9) 39 (40.2) 89 (43.2) 0.497
HCC 40 (36.7) 40 (41.2) 80 (38.8) 0.600

HCC with HBV 27 (24.8) 23 (23.7) 50 (24.3) 0.989
HCC with HCV 4 (3.7) 6 (6.2) 10 (4.9) 0.521
HCC with Alcoholic LC 7 (6.4) 12 (12.4) 19 (9.2) 0.218

Laboratory variables
Hemoglobin, g/dL 9.3 (8.2–11.0) 10.2 (8.4–12.0) 9.9 (8.3–11.7) 0.052
Platelet, 109/L 59.0 (42.0–88.0) 58.0 (38.0–79.0) 58.0 (38.0–82.0) 0.462
INR 1.49 (1.23–1.86) 1.38 (1.24–1.65) 1.42 (1.23–1.75) 0.110
AST 38.0 (28.0–56.0) 37.0 (26.0–52.0) 38.0 (27.0–54.0) 0.347
ALT 21.0 (15.0–34.0) 21.0 (14.0–28.0) 21.0 (15.0–32.0) 0.369
Total bilirubin 2.9 (1.2–7.7) 2.0 (1.2–3.4) 2.2 (1.2–5.2) 0.082
Albumin, g/dL 3.0 (2.6–3.4) 2.9 (2.5–3.4) 2.9 (2.6–3.4) 0.496
Sodium 138.0 (134.0–140.0) 138.0 (134.0–141.0) 138.0 (134.0–141.0) 0.850
Creatinine, mg/dL 0.85 (0.72–1.15) 0.78 (0.61–0.98) 0.82 (0.66–1.06) 0.036

Intraoperative variables
Operation time, hour 12.5 ± 2.2 12.6 ± 1.9 12.6 ± 2.1 0.816
Crystalloid, mL 6200.0 (4400.0–8900.0) 7200.0 (5200.0–9700.0) 6450.0 (4700.0–9050.0) 0.187
Colloid, mL 3600.0 (2800.0–4800.0) 4000.0 (2800.0–5600.0) 3600.0 (2800.0–5200.0) 0.190
Urine output, mL 1570.0 (1010.0–2350.0) 2000.0 (1400.0–2690.0) 1755.0 (1200.0–2580.0) 0.006

Note: values are expressed as the mean ± SD, number (%), or median (1Q, 3Q). Abbreviations: BMI, body
mass index; CKD, chronic kidney disease; CAD, coronary artery disease; CVA, cerebrovascular accident; MELD-
Na, Model for End-stage Liver Disease-Sodium; CTP, Child–Turcotte–Pugh; LT, liver transplantation; LC, liver
cirrhosis; HCC, hepatocellular carcinoma; INR, international normalized ratio; AST, aspartate aminotransferase;
ALT, alanine aminotransferase.

Except for the older age in the fibrinogen group (55.0 vs. 58.0, p = 0.046), the
two groups did not show significant differences in patient-related variables such as sex,
DM, HTN, CKD, CAD, CVA, MELD-Na score, CTP score, and cause for LT. The two groups
did not show significant differences in the laboratory variables except for higher preop-
erative creatinine levels in the cryoprecipitate group (0.85 [0.72–1.15] vs. 0.78 [0.61–0.98],
p = 0.036). With regard to the intraoperative variables, the two groups did not show signifi-
cant differences in the operation time (p = 0.816), total use of crystalloid (p = 0.187), and
total use of synthetic colloid (p = 0.190). The fibrinogen group had more urine output than
the cryoprecipitate group (1570.0 [1010.0–2350.0] vs. 2000.0 [1400.0–2690.0], p = 0.006).
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Table 2 shows the variables for the intraoperative transfusion and fibrinogen levels and
ROTEM values before and after intervention. The intraoperative transfusion variables (mas-
sive transfusion, pRBC, FFP, platelet apheresis) were not significantly different between the
two groups. The baseline fibrinogen levels of the cryoprecipitate group and the fibrinogen
concentrate group were 75.0 (60.0–86.0) and 78.0 (62.0–96.0) (p = 0.206), respectively. Also,
the results of the baseline MA10 (4.0 [3.0–6.0] vs. 4.0 [3.0–6.0], p = 0.521) and MCF (4.0
[3.0–7.0] vs. 5.0 [4.0–7.0], p = 0.479) of the FIBTEM and fibrinogen levels after intervention
(97.0 [78.0–120.0] vs. 100.0 [81.0–116.0], p = 0.838) were not significantly different between
the two groups. However, in ROTEM, the fibrinogen group had a significantly higher MA
10 (4.0 [3.0–6.0] vs. 5.0 [3.0–6.0], p = 0.033) and MCF (4.0 [3.0–6.0] vs. 5.0 [4.0–7.0], p = 0.019)
after intervention. (Table 2).

Table 2. Details of intraoperative transfusion and intervention.

Cryoprecipitate Group
(n = 109)

Fibrinogen Group
(n = 97)

Total
(n = 206) p-Value

Intraoperative transfusion
pRBC (unit) 10.0 (6.0–18.0) 10.0 (5.0–17.0) 10.0 (6.0–18.0) 0.757
FFP (unit) 10.0 (4.0–14.0) 10.0 (6.0–18.0) 10.0 (5.0–16.0) 0.461
Platelet apheresis (unit) 1.0 (0.0–1.0) 1.0 (0.0–1.0) 1.0 (0.0–1.0) 0.990
Fibrinogen (g) 0.0 (0.0–0.0) 2.0 (2.0–4.0) 0.0 (0.0–2.0) <0.001
Cryoprecipitate (unit) 10.0 (10.0–10.0) 0.0 (0.0–0.0) 5.0 (0.0–10.0) <0.001
Massive transfusion 57 (52.3) 54 (55.7) 111 (53.9) 0.730

Baseline
Fibrinogen in plasma (mg/dL) 75.0 (60.0–86.0) 78.0 (62.0–96.0) 77.0 (60.0–91.0) 0.206
FIBTEM

MA 10 (mm) 4.0 (3.0–6.0) 4.0 (3.0–6.0) 4.0 (3.0–6.0) 0.521
MCF (mm) 4.0 (3.0–7.0) 5.0 (4.0–7.0) 5.0 (3.0–7.0) 0.479

After treatment for acquired hypofibrinogenemia
Fibrinogen in plasma (mg/dL) 97.0 (78.0–120.0) 100.0 (81.0–116.0) 98.0 (80.0–118.0) 0.838
FIBTEM

MA 10 (mm) 4.0 (3.0–6.0) 5.0 (3.0–6.0) 5.0 (3.0–6.0) 0.033
MCF (mm) 4.0 (3.0–6.0) 5.0 (4.0–7.0) 5.0 (3.0–7.0) 0.019

Fibrinogen administered
Preanhepatic 21 (19.3) 25 (25.8) 46 (22.3)

1.000Anhepatic 12 (11.0) 2 (2.1) 14 (6.8)
Postreperfusion 76 (69.7) 70 (72.2) 146 (70.9)

Note: values are expressed as median (1Q, 3Q) or number (%). Abbreviations: pRBC, packed red blood cell;
FFP, fresh frozen plasma; FIBTEM, assay for tissue factor activation and platelet inhibition; MA 10, maximum
amplitude at 10 min; MCF, maximum clot firmness.

3.1. Primary Outcome

There were no significant differences in the incidence of MTEs between the cryopre-
cipitate group and the fibrinogen concentrate group (16 [16.7%] vs. 14 [14.4%], p = 1.000;
Table 3). MTEs occurred in three cases, which were hepatic artery thrombosis in two pa-
tients (1.8%) in the cryoprecipitate group and ischemic stroke in one patient (1.0%) in the
fibrinogen group. There were no cases of intra-cardiac thrombus or pulmonary embolism.
Multivariate analysis demonstrated that the duration of surgery (hour, OR 1.22, 95% CI
1.04–1.44, p = 0.014) was significantly associated with an MTE (Table 4).

To determine the impact of cryoprecipitate and fibrinogen concentrate on thromboem-
bolism, we compared the incidence of MTEs in patients (n = 105) who did not receive
cryoprecipitate and fibrinogen concentrate but received either a pRBC or FFP transfusion
with patients (n = 206) who received either cryoprecipitate or fibrinogen concentrate during
LDLT. There was no statistical difference in MTEs between the two groups (Supplemental
Table S1).
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Table 3. Primary and secondary outcomes.

Cryoprecipitate Group
(n = 109)

Fibrinogen Group
(n = 97)

Total
(n = 206) p-Value

MTE 16 (14.7) 14 (14.4) 30 (14.6) 1.000
Portal and hepatic vein thrombosis 14 (12.8) 13 (13.4) 27 (13.1) 1.000
Hepatic artery thrombosis 2 (1.8) 0 (0) 2 (1.0) 0.529
Ischemic stroke 0 (0) 1 (1.0) 1 (0.5) 0.953

30-day MACE 24 (22.0) 13 (13.4) 37 (18.0) 0.154
1-year mortality 10 (9.2) 7 (7.2) 17 (8.3) 0.798
1-year graft failure 16 (14.7) 8 (8.3) 24 (11.7) 0.223

Note: values are presented as number (%). Abbreviations: MTE, major thromboembolic event; MACE, major
adverse cardiovascular event.

Table 4. Multivariate logistic regression analyses of major thromboembolic events.

Univariate Analysis Multivariate Analysis

OR 95% CI p Value OR 95% CI p
Value

Age (yr) 0.99 0.96–1.02 0.540
Male sex 2.71 1.09–6.92 0.031 2.43 0.97–6.11 0.058
Diabetes 1.85 0.92–3.71 0.083 1.79 0.88–3.66 0.110
Hypertension 1.36 0.64–2.89 0.427
Coronary artery disease 1.32 0.28–6.21 0.723
Cerebral vascular disease 1.20 0.14–10.27 0.866
Chronic kidney disease 0.64 0.08–5.13 0.677
Massive transfusion 1.38 0.69–2.73 0.358
MELD-Na score 0.99 0.95–1.03 0.678
Duration of surgery (hour) 1.22 1.05–1.43 0.012 1.22 1.04–1.44 0.014
Cause for LT

HBV LC 0.86 0.43–1.71 0.662
HCV LC 3.09 0.92–10.41 0.068
Alcoholic LC 0.95 0.47–1.91 0.881
HCC 1.53 0.77–3.01 0.223

Blood products
a No transfusion (reference)
Cryoprecipitate 2.09 0.85–5.11 0.107
Fibrinogen concentrate use 2.05 0.82–5.12 0.126

Abbreviations: OR, odds ratio; CI, confidence interval; HCC, hepatocellular cardinoma; MELD-Na, Model for
End-stage Liver Disease-Sodium; LT, liver transplantation; LC, liver cirrhosis. a Patients who did not receive
cryoprecipitate and fibrinogen concentrate but received pRBC or FFP transfusion.

3.2. Secondary Outcomes

There were no significant differences in the incidence of 30-day MACE (24 [22.0%]
vs. 13 [13.4%], p = 0.154), 1-year mortality (10 [9.2%] vs. 7 [7.2%], p = 0.798), and 1-year
graft failure (16 [14.7%] vs. 8 [8.3%], p = 0.223) between the cryoprecipitate group and the
fibrinogen concentrate group (Table 3).

Figure 2 shows the Kaplan–Meier curves of 1-year mortality and 1-year graft failure in
the two groups. One-year mortality (log-rank test; p = 0.6) and graft failure (log-rank test;
p = 0.2) were not significantly different between the two groups.
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4. Discussion

In this retrospective study, we found that there was no significant difference in MTEs
between LDLT patients using cryoprecipitate and those using fibrinogen concentrate.
Moreover, there were no significant differences in the incidences of 30-day MACE, 1-year
graft failure, and mortality between the two groups.

Fibrinogen is a plasma glycoprotein synthesized in the liver. It transforms into fibrin by
thrombin, playing a crucial role in clot formation, platelet activation, and aggregation [14].
While cryoprecipitate and fibrinogen concentrate are both plasma-derived, fibrinogen
concentrate has a standardized concentration, leading to a predictable hemostatic effect;
moreover, fibrinogen concentrate is purified, pasteurized, and filtered, which results in
lower risks of viral transmission and immunological transfusion reaction [8,9]. Additionally,
fibrinogen concentrate is easily reconstituted in sterile water and has a low administration
volume and short administration time; after reconstitution, fibrinogen concentrate has
a long shelf life of up to 24 h, thus reducing wastage [8]. Cryoprecipitates are allogenic
blood products that are non-purified and contain various coagulation factors in addition to
fibrinogen such as factor VIII, factor XIII, and von Willebrand factor [11]. The variability of
fibrinogen contents in cryoprecipitate hinders an accurate prediction of its hemostatic effect;
however, various coagulation factors have a positive impact on hemostasis in patients with
hemodilution or massive blood loss [8,11].

Despite advances in surgical techniques, understanding of the pathophysiology of co-
agulation in end-stage liver disease patients, and point-of-care treatment, LT is still expected
to cause massive bleeding and require a massive transfusion [1]. Acquired hypofibrinogene-
mia is followed by fluid resuscitation and fibrinogen-poor blood transfusion in surgery, and
dysfibrinogenemia is common in LT recipients [15]. In our study, a massive transfusion was
observed whether fibrinogen concentrate or cryoprecipitate was administered for acquired
hypofibrinogenemia.

Before treatment for acquired hypofibrinogenemia, the baseline plasma fibrinogen
levels (mg/dL) for the two groups were 75.0 in the cryoprecipitate group and 78.0 in the
fibrinogen concentrate group. The American Society of Anesthesiologists task force for
perioperative blood management recommends fibrinogen replacement in patients with
bleeding when the plasma fibrinogen level is less than 80–100 mg/dL [16]. In our study,
although there were no differences in the baseline fibrinogen levels, MA10, and MCF of
FIBTEM between the two groups, the fibrinogen group showed a significantly higher MA
10 (4.0 [3.0–6.0] vs. 5.0 [3.0–6.0], p = 0.033) and MCF (4.0 [3.0–6.0] vs. 5.0 [4.0–7.0], p = 0.019)
in ROTEM after intervention (Table 2). However, no significant difference was found in the
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fibrinogen levels between the two groups after intervention. In a systematic review com-
paring cryoprecipitate and fibrinogen concentrate in bleeding patients, it was also reported
that there was no significant difference in the increased plasma fibrinogen levels between
the two groups after intervention [17]. To assess clot strength, FIBTEM MCF in ROTEM
is employed. In a study utilizing a trauma-induced coagulopathy model, it was found
that after administration, fibrinogen concentrate resulted in a stronger FIBTEM MCF value
compared to cryoprecipitate [18]. However, in a randomized controlled trial conducted by
Galas et al. in pediatric cardiac surgery, there was no significant difference in FIBTEM MCF
between cryoprecipitate and fibrinogen concentrate after intervention [9]. We presume that
this discrepancy in the viscoelastic coagulation test is due to the variability of fibrinogen
levels in cryoprecipitate [11,12]. In our study, we assumed that one unit of cryoprecipitate
contained 200 mg of fibrinogen; however, as the volume of one unit of cryoprecipitate
varies from 15 mL to 20 mL, the fibrinogen content also varies from 150 mg to 200 mg, in
which the fibrinogen concentrate is standardized. Our study also demonstrated results
similar to a previous study. However, considering the weak coagulation balance in patients
with ESLD and the occurrence of massive bleeding during surgery and hemodilution, we
believe that further clinical research is needed in this context.

The currently recommended treatment for hypofibrinogenemia is fibrinogen concen-
trate or cryoprecipitate [19]. Fibrinogen administration in LT for hypofibrinogenemia
reduces surgical bleeding [20]; however, fibrinogen concentrate and cryoprecipitate carry
thromboembolic risks. A previous study reported that cryoprecipitate is associated with
a major thromboembolic risk [6], but did not make a direct comparison between cryo-
precipitate and fibrinogen concentrate, and there are only a few studies comparing the
thromboembolic risk of the two products. Recent randomized trials of adult [5] and chil-
dren [9] patients undergoing cardiac surgery demonstrated that there was no significant
difference in the thromboembolic risk between fibrinogen concentrate and cryoprecipi-
tate. A systematic review also showed that the two products had no significant difference
in thromboembolic risk and did not mention whether one product was superior to the
other [17]. Especially in patients with end-stage liver disease, the decrease in both pro-
coagulant and anticoagulant factors can lead to a weak rebalanced hemostasis, making
them susceptible to both hemorrhagic and thrombotic complications [21]. Notably, several
studies have suggested that fibrinogen supplementation does not increase thromboembolic
risk [20,22]. This supports our current findings that fibrinogen replacement using cryopre-
cipitate or fibrinogen concentrate does not increase thromboembolic risk, emphasizing the
safety of fibrinogen administration in the setting of coagulopathy during LT.

In our study, the incidence of any adverse outcomes including 1-year mortality was not
significantly different between the two groups. Several studies comparing the two products
were conducted in various clinical settings, such as cardiac surgery [5,9,23], obstetric
bleeding [24], and trauma [25] in which acquired hypofibrinogenemia frequently appears.
A recent randomized clinical trial on patients undergoing cardiac surgery demonstrated
that no statistically significant difference was found in the mortality rate between the
fibrinogen concentrate group and the cryoprecipitate group [5]. In addition, postoperative
mortality in pediatric cardiac surgery was also not significantly different between the
two products [9,23].

In our study, there were no statistically significant differences in the incidence of 1-year
graft failure (14.7% vs. 8.3%, p = 0.223) and MACE (22.0% vs. 13.4%, p = 0.154) between
the two groups, although the incidences were numerically higher in the cryoprecipitate
group. We speculate that the small sample size of our study might be one of the reasons
that a significant difference between the two groups was not found in the secondary
outcomes. Moreover, while HBV-related LC is the most common cause of LT in South
Korea [26], alcoholic LC was the most common etiology in our study patients. This suggests
that alcoholic LC and HCC are accompanied by other etiologies including viral hepatitis.
Further studies with larger sample sizes are needed to compare the incidences of graft
failure and MACE between these two groups in LDLT.
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In our study, the duration of surgery was associated with MTEs. In the same manner,
T. Maeda et al. demonstrated that the duration of surgery was a risk factor for thrombosis
in a multicenter cardiovascular surgery study [27]. Since thromboembolism in LT has
multifactorial causes, further studies are needed.

This study has several limitations. Firstly, as our study was retrospective and based
on a single center, unmeasured confounding factors may exist. Secondly, as our study
only included patients undergoing LT with hypofibrinogenemia, these findings may not be
generalized to other clinical settings that require fibrinogen replacement. In addressing
these limitations, it is necessary to conduct future studies with multicenter studies and
a prospective design. A larger sample size will improve the statistical power, aiding in
reliable conclusions and revealing subtle associations. In addition, exploring subgroups,
including disease severity and treatment regimens, is crucial for in-depth insights. More-
over, incorporating diagnostic tools in future research will provide a current evaluation of
fibrinogen replacement therapy’s effect on thromboembolic risks. Despite these limitations,
our data are meaningful in that the outcomes of fibrinogen concentrate and cryoprecipitate
in patients undergoing LDLT were directly compared.

In conclusion, there was no significant difference in MTEs between LDLT patients re-
ceiving fibrinogen concentrate and those receiving cryoprecipitate. Fibrinogen concentrate
may be used as an alternative to cryoprecipitate in the treatment of acquired hypofibrino-
genemia in LDLT.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm12237496/s1, Table S1: demographic feature between no
transfusion and fibrinogen products transfusion group.

Author Contributions: Conceptualization, J.-G.S. and G.-S.H.; methodology, I.-G.J.; formal analysis,
H.-M.K. and S.-H.K.; writing—original draft preparation, J.-H.K.; funding acquisition, S.-H.K.;
writing—review and editing, K.-S.K. and J.-G.S.; supervision, G.-S.H. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was supported by a grant of the Korea Health Technology R&D Project
through the Korea Health Industry Development Institute (KHIDI), funded by the Ministry of
Health & Welfare, Republic of Korea (grant number: HR20C0026), and was also supported by
grants (2023IE0008 and 2023IP0134) from the Asan Institute for Life Sciences, Asan Medical Center,
Seoul, Korea.

Institutional Review Board Statement: The research protocol followed the ethical guidelines of
the 1975 Declaration of Helsinki reflected in the prior approval of the institution’s human research
committee. Each transplantation procedure was evaluated and approved by the local authorities
and the Korean Network for Organ Sharing affiliated with the Ministry of Health and Welfare of the
Republic of Korea. The Institutional Review Board of Asan Medical Center (protocol no. 2022-0724)
approved the study design.

Informed Consent Statement: Patient consent was waived due to the retrospective nature of
the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy.

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

References
1. Pandey, C.K.; Singh, A.; Kajal, K.; Dhankhar, M.; Tandon, M.; Pandey, V.K.; Karna, S.T. Intraoperative blood loss in orthotopic

liver transplantation: The predictive factors. World J. Gastrointest. Surg. 2015, 7, 86–93. [CrossRef]
2. Cleland, S.; Corredor, C.; Ye, J.J.; Srinivas, C.; McCluskey, S.A. Massive haemorrhage in liver transplantation: Consequences,

prediction and management. World J. Transplant. 2016, 6, 291–305. [CrossRef]
3. Levy, J.H.; Szlam, F.; Tanaka, K.A.; Sniecienski, R.M. Fibrinogen and hemostasis: A primary hemostatic target for the management

of acquired bleeding. Anesth. Analg. 2012, 114, 261–274. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/jcm12237496/s1
https://www.mdpi.com/article/10.3390/jcm12237496/s1
https://doi.org/10.4240/wjgs.v7.i6.86
https://doi.org/10.5500/wjt.v6.i2.291
https://doi.org/10.1213/ANE.0b013e31822e1853
https://www.ncbi.nlm.nih.gov/pubmed/21965371


J. Clin. Med. 2023, 12, 7496 10 of 10

4. Chow, J.H.; Lee, K.; Abuelkasem, E.; Udekwu, O.R.; Tanaka, K.A. Coagulation Management During Liver Transplantation: Use of
Fibrinogen Concentrate, Recombinant Activated Factor VII, Prothrombin Complex Concentrate, and Antifibrinolytics. Semin.
Cardiothorac. Vasc. Anesth. 2018, 22, 164–173. [CrossRef] [PubMed]

5. Callum, J.; Farkouh, M.E.; Scales, D.C.; Heddle, N.M.; Crowther, M.; Rao, V.; Hucke, H.P.; Carroll, J.; Grewal, D.; Brar, S.; et al.
Effect of Fibrinogen Concentrate vs Cryoprecipitate on Blood Component Transfusion After Cardiac Surgery: The FIBRES
Randomized Clinical Trial. JAMA 2019, 322, 1966–1976. [CrossRef] [PubMed]

6. Nguyen-Buckley, C.; Gao, W.; Agopian, V.; Wray, C.; Steadman, R.H.; Xia, V.W. Major Thromboembolic Complications in
Liver Transplantation: The Role of Rotational Thromboelastometry and Cryoprecipitate Transfusion. Transplantation 2021, 105,
1771–1777. [CrossRef]

7. Mourad, M.M.; Liossis, C.; Gunson, B.K.; Mergental, H.; Isaac, J.; Muiesan, P.; Mirza, D.F.; Perera, M.T.; Bramhall, S.R. Etiology
and management of hepatic artery thrombosis after adult liver transplantation. Liver Transpl. 2014, 20, 713–723. [CrossRef]

8. Hensley, N.B.; Mazzeffi, M.A. Pro-Con Debate: Fibrinogen Concentrate or Cryoprecipitate for Treatment of Acquired Hypofib-
rinogenemia in Cardiac Surgical Patients. Anesth. Analg. 2021, 133, 19–28. [CrossRef]

9. Galas, F.R.; de Almeida, J.P.; Fukushima, J.T.; Vincent, J.L.; Osawa, E.A.; Zeferino, S.; Camara, L.; Guimaraes, V.A.; Jatene, M.B.;
Hajjar, L.A. Hemostatic effects of fibrinogen concentrate compared with cryoprecipitate in children after cardiac surgery: A
randomized pilot trial. J. Thorac. Cardiovasc. Surg. 2014, 148, 1647–1655. [CrossRef]

10. Tanaka, K.A.; Bader, S.O.; Gorlinger, K. Novel approaches in management of perioperative coagulopathy. Curr. Opin. Anaesthesiol.
2014, 27, 72–80. [CrossRef]

11. Nascimento, B.; Goodnough, L.T.; Levy, J.H. Cryoprecipitate therapy. Br. J. Anaesth. 2014, 113, 922–934. [CrossRef] [PubMed]
12. Curry, N.; Wong, H. Cryoprecipitate transfusion: Current perspectives. Int. J. Clin. Transfus. Med. 2016, 4, 89–97. [CrossRef]
13. Kim, K.S.; Kwon, H.M.; Jung, K.W.; Sang, B.H.; Moon, Y.J.; Kim, B.; Jun, I.G.; Song, J.G.; Hwang, G.S. Markedly prolonged QTc

interval in end-stage liver disease and risk of 30-day cardiovascular event after liver transplant. J. Gastroenterol. Hepatol. 2021, 36,
758–766. [CrossRef] [PubMed]

14. Franchini, M.; Lippi, G. Fibrinogen replacement therapy: A critical review of the literature. Blood Transfus. 2012, 10, 23–27.
[CrossRef] [PubMed]

15. Kujovich, J.L. Hemostatic defects in end stage liver disease. Crit. Care Clin. 2005, 21, 563–587. [CrossRef] [PubMed]
16. American Society of Anesthesiologists Task Force on Perioperative Blood Management. Practice guidelines for perioperative blood

management: An updated report by the American Society of Anesthesiologists Task Force on Perioperative Blood Management.
Anesthesiology 2015, 122, 241–275. [CrossRef]

17. Jensen, N.H.; Stensballe, J.; Afshari, A. Comparing efficacy and safety of fibrinogen concentrate to cryoprecipitate in bleeding
patients: A systematic review. Acta Anaesthesiol. Scand. 2016, 60, 1033–1042. [CrossRef]

18. Whyte, C.S.; Rastogi, A.; Ferguson, E.; Donnarumma, M.; Mutch, N.J. The Efficacy of Fibrinogen Concentrates in Relation to
Cryoprecipitate in Restoring Clot Integrity and Stability against Lysis. Int. J. Mol. Sci. 2022, 23, 2944. [CrossRef]

19. Spahn, D.R.; Bouillon, B.; Cerny, V.; Duranteau, J.; Filipescu, D.; Hunt, B.J.; Komadina, R.; Maegele, M.; Nardi, G.; Riddez, L.; et al.
The European guideline on management of major bleeding and coagulopathy following trauma: Fifth edition. Crit. Care 2019,
23, 98. [CrossRef]

20. Sabate, A.; Dalmau, A. Fibrinogen: A Clinical Update on Liver Transplantation. Transplant. Proc. 2015, 47, 2925–2928. [CrossRef]
21. Lisman, T.; Porte, R.J. Rebalanced hemostasis in patients with liver disease: Evidence and clinical consequences. Blood 2010, 116,

878–885. [CrossRef] [PubMed]
22. Caballero, M.; Sabate, A.; Gutierrez, R.; Beltran, J.; Perez, L.; Pujol, R.; Viguera, L.; Costa, M.; Reyes, R.; Martinez, A.; et al.

Blood component requirements in liver transplantation: Effect of 2 thromboelastometry-guided strategies for bolus fibrinogen
infusion-the TROMBOFIB randomized trial. J. Thromb. Haemost. 2023, 21, 37–46. [CrossRef] [PubMed]

23. Downey, L.A.; Andrews, J.; Hedlin, H.; Kamra, K.; McKenzie, E.D.; Hanley, F.L.; Williams, G.D.; Guzzetta, N.A. Fibrinogen
Concentrate as an Alternative to Cryoprecipitate in a Postcardiopulmonary Transfusion Algorithm in Infants Undergoing Cardiac
Surgery: A Prospective Randomized Controlled Trial. Anesth. Analg. 2020, 130, 740–751. [CrossRef] [PubMed]

24. Ahmed, S.; Harrity, C.; Johnson, S.; Varadkar, S.; McMorrow, S.; Fanning, R.; Flynn, C.M.; JM, O.R.; Byrne, B.M. The efficacy of
fibrinogen concentrate compared with cryoprecipitate in major obstetric haemorrhage—An observational study. Transfus. Med.
2012, 22, 344–349. [CrossRef] [PubMed]

25. Obaid, O.; Anand, T.; Nelson, A.; Reina, R.; Ditillo, M.; Stewart, C.; Douglas, M.; Friese, R.; Gries, L.; Joseph, B. Fibrinogen
Supplementation for the Trauma Patient: Should You Choose Fibrinogen Concentrate Over Cryoprecipitate? J. Trauma. Acute Care
Surg. 2022, 93, 453–460. [CrossRef]

26. Choi, H.J. Current status and outcome of liver transplantation in South Korea. Clin. Mol. Hepatol. 2022, 28, 117–119. [CrossRef]
27. Maeda, T.; Miyata, S.; Usui, A.; Nishiwaki, K.; Tanaka, H.; Okita, Y.; Katori, N.; Shimizu, H.; Sasaki, H.; Ohnishi, Y.; et al. Safety of

Fibrinogen Concentrate and Cryoprecipitate in Cardiovascular Surgery: Multicenter Database Study. J. Cardiothorac. Vasc. Anesth.
2019, 33, 321–327. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1177/1089253217739689
https://www.ncbi.nlm.nih.gov/pubmed/29099345
https://doi.org/10.1001/jama.2019.17312
https://www.ncbi.nlm.nih.gov/pubmed/31634905
https://doi.org/10.1097/TP.0000000000003427
https://doi.org/10.1002/lt.23874
https://doi.org/10.1213/ANE.0000000000005513
https://doi.org/10.1016/j.jtcvs.2014.04.029
https://doi.org/10.1097/ACO.0000000000000025
https://doi.org/10.1093/bja/aeu158
https://www.ncbi.nlm.nih.gov/pubmed/24972790
https://doi.org/10.2147/IJCTM.S99042
https://doi.org/10.1111/jgh.15179
https://www.ncbi.nlm.nih.gov/pubmed/32804412
https://doi.org/10.2450/2011.0015-11
https://www.ncbi.nlm.nih.gov/pubmed/22153684
https://doi.org/10.1016/j.ccc.2005.03.002
https://www.ncbi.nlm.nih.gov/pubmed/15992673
https://doi.org/10.1097/ALN.0000000000000463
https://doi.org/10.1111/aas.12734
https://doi.org/10.3390/ijms23062944
https://doi.org/10.1186/s13054-019-2347-3
https://doi.org/10.1016/j.transproceed.2015.10.025
https://doi.org/10.1182/blood-2010-02-261891
https://www.ncbi.nlm.nih.gov/pubmed/20400681
https://doi.org/10.1016/j.jtha.2022.10.025
https://www.ncbi.nlm.nih.gov/pubmed/36695394
https://doi.org/10.1213/ANE.0000000000004384
https://www.ncbi.nlm.nih.gov/pubmed/31490252
https://doi.org/10.1111/j.1365-3148.2012.01178.x
https://www.ncbi.nlm.nih.gov/pubmed/22994449
https://doi.org/10.1097/TA.0000000000003728
https://doi.org/10.3350/cmh.2021.0381
https://doi.org/10.1053/j.jvca.2018.06.001

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Data Collection 
	Transfusion Technique 
	Primary and Secondary Outcomes 
	Statistical Analysis 

	Results 
	Primary Outcome 
	Secondary Outcomes 

	Discussion 
	References

