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Abstract

Background/Aim: Liver transplantation surgery is one of the most common abdominal surgeries
requiring blood transfusion. Coagulation parameters vary during the perioperative period because of the
patient profile. Blood transfusion management should be carefully controlled to avoid causing dysfunction
in the newly transplanted organ. Various laboratory parameters are used to achieve this. This study aimed
to investigate the effect of transfusion managed by conventional coagulation tests or thromboelastogram
(TEG) on blood product consumption and postoperative outcomes in the post-reperfusion period.
Methods: The records of 90 recipients who underwent transplantation between January 1, 2012, and
November 30, 2022, were retrospectively analyzed. Twenty patients who were administered blood
transfusion under TEG guidance in the post-reperfusion period constituted the case group, while 20
patients non-consecutive randomly selected among other patients who were administered blood transfusion
with conventional coagulation tests constituted the control group. In conclusion, 40 patients were included
in this retrospective case-control study. We retrospectively analyzed demographic data, surgical data,
perioperative laboratory parameters, intraoperative total and post-reperfusion blood and blood product
transfusions, TEG parameters, and postoperative complications.

Results: No difference was found between the groups regarding demographic data, etiological factors,
surgical data, and preoperative laboratory parameters (P>0.05). There was a significant decrease in the
amount of fresh frozen plasma (FFP) transfused in the case group compared to the control group in the
intraoperative total and post-reperfusion period (P=0.011, P=0.003). There was no difference between the
groups regarding other blood product transfusions and postoperative complications (P>0.05). Regarding
the effects of intraoperative total and post-reperfusion blood and blood products on ventilator stay,
intensive care unit stay, length of stay (LOS), hepatic artery thrombosis, graft rejection, postoperative
kidney damage, and first 28-day mortality, only a weak negative correlation was found between
intraoperative total and postreperfusion fibrinogen use and LOS (r=-0.325/P=0.041, r=-0.354/P=0.025).
Conclusion: TEG-guided transfusion in the post-reperfusion period reduced total blood product
consumption. Besides, the increase in the use of fibrin has led to a decrease in LOS. However, using TEG
has no significant effect on postoperative mortality and morbidity. TEG and an objective assessment of
patient clinical status may be an ideal guide for transfusion strategy.
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Introduction

Thanks to the advancements in surgical techniques,
anesthesia management, and graft preservation in liver
transplantation, transplantation can be terminated with a minimal
requirement for transfusions [1]. However, transfusion
requirements in transplant surgery remain highly variable, and
there is no universal consensus regarding transfusion thresholds
[2]. Different factors determine the need for blood transfusions,
such as perioperative anemia, coagulation disorders, decreased
platelet counts, and surgical complications. Besides, the
procoagulant and anticoagulant components of the coagulation
cascade are affected to varying degrees in patients with liver
failure. For this reason, bedside, rapid-result, and comprehensive
viscoelastic tests should be used in liver transplantation surgery
rather than conventional coagulation tests, which provide
information about certain steps of the coagulation cascade [3].
Although it is generally believed that viscoelastic tests will
reduce the amount of transfusion and thus the risk of
postoperative complications, the dynamic and multifactorial
process in liver transplant patients makes it mandatory to manage
transfusion not only with laboratory tests but also with the
clinical status of the patient.

The most significant changes in the coagulation cascade
in liver transplantation occur between the end of the anhepatic
phase and the post-reperfusion period when the new organ
anastomosis is performed [4]. In our clinic, thromboelastogram
(TEG) is routinely studied in all patients, particularly post-
reperfusion. In patients for whom TEG cannot be studied for
various reasons, transfusion is administered under the guidance
of conventional coagulation tests. The clinical evaluation of clot
formation is one of the most important parameters in making a
transfusion decision, along with laboratory parameters. In this
context, we retrospectively analyzed the prospectively collected
data of liver transplantation patients received in our clinic in the
last decade and conducted a case-control study. In this way, we
planned to compare the effect of transfusion guided by TEG or
conventional coagulation tests on postoperative complications
and transfusion volume. It is hypothesized that TEG-guided
transfusion will reduce the amount of transfusion and thus the
postoperative mortality and morbidity.

Materials and methods

The study was designed as a retrospective case-control
study in a university hospital in line with the principles stated in
the Declaration of Helsinki, with the decision of Necmettin
Erbakan University Non-Pharmaceutical and Non-Medical
Device Research Ethics Committee (Decision No: 2023/4101).
File records of recipients who underwent liver transplantation
between January 1, 2012, and November 30, 2022, were
retrospectively reviewed. Recipients under 18 years old who had
liver transplants again within 30 days after the first
transplantation, who had combined liver and kidney
transplantation, who died intraoperatively, and whose file
records were insufficient were excluded from the study. Twenty
recipients whose blood transfusion was administered under TEG
guidance after the reperfusion period of the surgery constituted
the case group. Among the recipients whose transfusion was
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managed with conventional coagulation tests, 20 recipients
selected by non-consecutive random method constituted the
control group.

In our faculty, liver transplantation is performed under a
special procedure with the same surgical and anesthesia team.
All recipients are monitored by electrocardiogram, pulse
oximetry, invasive and noninvasive arterial pressure
measurement, neuromuscular monitoring, and bispectral index
measurement. Anesthesia induction is achieved by administering
propofol (1-2 mg/kg), fentanyl (1 mcg/kg), and rocuronium (0.5
mg/kg). After endotracheal intubation, anesthesia was
maintained with desflurane inhalation and remifentanil infusion
(0.05-0.4 mcg/kg/min) in a 50% air-50% O, mixture with a
bispectral index between 40 and 60%. Lung ventilation is
provided with a tidal volume of 5-6 mL/kg and a respiratory rate
of 10-14/min, keeping the end-tidal CO, value in the 35-45
mmHg range. Positive end-expiratory pressure was maintained at
5 mmHg.

Ultimately, recipients are anesthetized, and internal
jugular vein catheterization is performed under ultrasonography
guidance. During the surgery, the recipients are warmed with a
warming blanket, and their body temperature is monitored. The
target mean arterial pressure during transplantation is 65 mmHg
and above. Hemodynamic disorders are treated with fluid
therapy and vasoactive drugs (nhorepinephrine 0.01-0.05
mcg/kg/min). Crystalloids, colloids, and albumin infusions are
used in fluid therapy. Patients receive erythrocyte suspension
(ES) transfusions to maintain hemoglobin (Hb) between 8 and 9
g/dL and to maintain Oz supply.

Preoperative hemogram, biochemistry, international
normalized ratio (INR), activated partial thromboplastin time
(@PTT), and fibrinogen values were studied for all recipients. In
surgery, TEG or conventional coagulation tests are routinely
performed in the first hour after reperfusion, depending on the
suitability of the conditions (availability of consumables). TEG
or conventional coagulation tests can be performed in case of
severe bleeding at other stages of transplantation. In patients
undergoing TEG, 2 units of fresh frozen plasma (FFP) are
administered when the R time >11 min, while 1 unit of apheresis
platelet suspension (PS) is administered when the MA <30 mm,
and 2 g of fibrinogen concentrate or 4 units of cryoprecipitate
when the alpha angle <55. In patients undergoing conventional
coagulation tests, 2 units of FFP are transfused when INR >2 or
aPTT >30, 2 g of fibrinogen concentrate or 4 units of
cryoprecipitate when fibrinogen <120 g¢/dL, and 1 unit of
apheresis PS when platelets <30,000 x 10%/uL. If microvascular
leakage occurs, tranexamic acid (10-15 mg/kg) is administered
despite transfusions in the post-reperfusion period. Clinical signs
of surgical bleeding are not ignored when transfusing blood
products, and the process is managed in correlation with the
surgical team. After surgery, patients are transferred to the
reanimation unit for postoperative care.

Thrombelastography analysis was conducted using
TEG_5000, version 4.2 (Haemoscope Corporation, Niles, IL,
USA). One milliliter of complete blood was taken from the
citrated tube and transferred to a kaolin tube. The complete blood
was gently mixed for full contact with the kaolin. An automatic
pipette transferred 340 pl of the mixture to the test bath. To
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antagonize citrate, 20 pl calcium chloride is added to the test
bath with an automatic pipette, and the test is started.

In accordance with this protocol, the data scanned from
the files of liver transplant recipients included gender, age, body
mass index (BMI), model for end-stage liver disease (MELD)
score, cause of liver failure, previous abdominal surgery,
hypertension,  diabetes,  preoperative  kidney injury,
encephalopathy, upper gastrointestinal (GI) bleeding, portal vein
thrombosis (PVT), portopulmonary hypertension, presence of
ascites, preoperative creatinine, Na, K, albumin, bilirubin, Hb,
INR, aPTT, platelet, fibrinogen values, post reperfusion Hb,
platelet, fibrinogen, INR, aPTT values, intraoperative total fluid
loss, amount of diuresis, amount of administered crystalloid,
colloid and albumin, amount of ES, PS, fibrinogen, FFP,
cryoprecipitate transfused intraoperatively and after reperfusion,
surgical duration-related data, presence of reperfusion syndrome,
whether the donor is alive or cadaver, presence of postoperative
complications (kidney damage, hepatic artery thrombosis, graft
rejection, mortality in the first 28 days), LOS, and TEG
parameters.

The primary outcome measure was the difference in
intraoperative transfused blood and blood products, and the
secondary outcome measure was the difference in the
development of postoperative complications.

Statistical analysis

The data obtained in this study were analyzed using the
SPSS 23.0 package program. Descriptive statistical values of all
measurements are presented. Shapiro-Wilk’s test was conducted
when analyzing the normality of the scores between the groups
since n<30. Because of the normality test, it was determined that
the values between the groups did not show normal distribution
at P<0.05. Hence, the Mann-Whitney U test was used to analyze
the groups' differences. The chi-square test was used to examine
intergroup dependence in categorical data. When analyzing the
difference and dependency between the groups, P<0.05 was
considered the significance level, and it was considered that there
was a significant difference between the groups when P<0.05
and there was no significant difference between the groups when
P>0.05.

Results

The records of 90 recipients who underwent
transplantation between January 1, 2012, and November 30,
2022, were retrospectively analyzed within the scope of the
study. As a result of the final cohort formed by inclusion and
exclusion criteria, 40 recipients were included in the study. The
flow diagram of the study is given in Figure 1.

When the causes of liver failure were analyzed, the
etiologic factors of the recipients were: cryptogenic in ten (25%),
autoimmune in eight (20%), primary sclerosing cholangitis in
five (12.5%), hepatocellular carcinoma in 14 (35%), and
intoxication in three (7.5%). The preoperative characteristics are
given in Table 1.

When the preoperative laboratory parameters of the
recipients were analyzed, no significant difference was found
between the two groups (Table 2).

The mean duration of surgery was 494 min, and the
mean anhepatic phase duration was 77.17 min. It was determined
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that reperfusion syndrome developed in four (20%) patients in
the case group and six (30%) patients in the control group. The
distribution of intraoperative and surgical data between the
groups is presented in Table 3.

Figure 1: Flow diagram of the study.

90 recipients

11 recipients were excluded,

age lower than 18 years (n=2), early liver
| re-transplant (n=2), combined kidney and
"| tiver transplant (n=1), infracperative exitus
(p=1), and inadequate file record (n=3)

79 recipients

k.

Postreperfusion transfusion managed
with conventional coagulation tests

Postreperfusion
transfusion managed

with TEG (0=39)
(0=20) 1
non-consecutive random selection
(0=20)
¥
Case Group Control Group
(n=20) (n=20)

Table 1: Preoperative recipient characteristics (mean[SD], n [%]).

Case group Control group P-

(n=20) (n=20) value
Age (year) 43.10(14.05) 45.35(12.89) 0.583
Gender (M/F) 12 (60%) / 8 9 (45%) /11 0.342

(40%) (55%)
BMI (kg/m ?) 26.01(2.76) 26.35(3.61) 0.718
MELD Score 21.90(8.52) 17.55(8.57) 0.086
Previous abdominal surgery 0 (0%) 2 (10%) 0.487
Preoperative kidney injury 5 (25%) 4 (20%) 1.000
Preoperative hypertension 4 (20%) 4 (20%) 1.000
Preoperative diabetes mellitus 4 (20%) 2 (10%) 0.661
Preoperative encephalopathy 10 (50%) 7 (35%) 0.337
Preoperative upper GIS bleeding 3 (15%) 3 (15%) 1.000
Preoperative PVT 2 (10%) 0 (0%) 0.487
Preoperative pulmonary 2 (10%) 1 (5%) 1.000
Hypertension
Presence of preoperative ascites 1 (%5) 3 (%15) 0.605

SD: standard deviation, M: Male, F: Female, BMI: Body mass index, MELD: Model for end-stage liver
disease, GIS: Gastrointestinal system, PVT: Portal vein thrombosis

Table 2: Preoperative recipient laboratory parameters (mean[SD]).

Case group Control group = P-value

(n=20) (n=20)
Creatinine (mg/dL) | 0.85(0.47) 0.74(0.37) 0.398
Na (mmol/L) 135.30(5.38) 137.55(6.60) 0.142
K (mmol/L) 4.06(0.50) 4.28(0.80) 0.718
Albumin (g/dL) 2.98(0.62) 3.32(0.66) 0.114
Bilirubin (mg/dL) 6.50(7.68) 7.19(6.77) 0.698
Hemoglobin (g/dL) 10.53(1.60) 10.32(2.80) 0.547
Platelet (x10 3/uL) 95.15(29.88) 100.85(56.50) 0.678
Fibrinogen (mg/dL) | 152.15(35.14) = 158.30(31.46) 0.692
INR 1.97(0.83) 2.21(1.47) 0.968
aPTT (seconds) 40.76(9.51) 40.37(10.75) 0.602

SD: standard deviation, Na: Sodium, K: Potassium, INR: International normalized ratio, aPTT: Active
partial thromboplastin time

Table 3: Intraoperative and surgical data (mean[SD], n [%]).

Case group Control group P-

(n=20) (n=20) value
Dissection time (min) 174.85(69.95) 213.75(108.31) 0.277
Anhepatic phase duration (min) 82.10(18.83) 72.25(17.88) 0.149
Warm ischemia time (min) 82.60(18.58) 84.50(18.13) 0.543
Total surgery time (min) 463.25(108.91) 524.75(166.42) 0.253
Reperfusion syndrome (n(%)) 4 (20%) 6 (30%) 0.465
Intraoperative total fluid loss (ml) 2445.00(1127.409 = 2652.50(2061.84) = 0.678
Intraoperative total diuresis (ml) 474.00(158.73) 707.75(402.40) 0.060
Intraoperatively administered 5160.00(1595.19) 5500.00(1577.14) = 0.698
crystalloid (ml)
Intraoperatively administered 1140.00(839.42) 1350.00(650.91) 0.068
colloid (ml)

SD: standard deviation

When TEG values were analyzed in the first hour after
reperfusion in the case group, it was determined that the mean R
time was 11.50 min, K time was 8.67 min, MA value was 41.49
mm, G value was 4.07 dyne/cm?, LY 30 was 0.31%, and alpha
angle was 41.24 degrees. When intraoperative total and
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postreperfusion blood and blood product transfusions were
analyzed, it was found that there was no significant difference in
ES, PS, fibrinogen concentrate, and cryoprecipitate transfusions,
whereas FFP concentration transfusion was significantly lower in
the case group (P=0.011, P=0.003). Intraoperative total and
post-reperfusion blood and blood product transfusion rates are
shown in Table 4 and Table 5.

Table 4: Intraoperative total blood and blood product transfusion (mean[SD]).

‘ Case group Control group = P-value
(n=20) (n=20)

Erythrocyte suspension (unit) | 2.30(1.72) 2.05(2.44) 0.314

Fresh frozen plasma (unit) | 1.20(1.64) 2.75(1.94) 0.011"
Platelet suspension (unit) \ 0.25(0.44) 0.05(0.22) 0.289

Fibrinogen concentrate (gr) | 1.10(1.21) 0.40(0.82) 0.096

Cryoprecipitate (unit) | 0.80(1.64) 1.40(2.35) 0.565

Albumin (mL) | 200.00(107.61) | 170.00(103.11) | 0.265

SD: standard deviation, *P<0.05

Table 5: Post-reperfusion laboratory parameters and blood and blood product transfusions
(mean[SD]).

Case group Control group = P-value

(n=20) (n=20)
Hemoglobin (g/dL) 8.62(1.20) 9.11(1.82) 0.495
Platelet (x10 3 /uL) 95.85(47.78) 81.45(32.59) 0.301
Fibrinogen (mg/dL) 117.30(49.69) = 114.85(25.99) 0.947
INR 3.17(1.33) 3.54(1.38) 0.314
aPTT (seconds) 54.56(13.31) 72.49(32.04) 0.127
ES (unit) 0.90(0.72) 0.60(0.88) 0.157
FFP (unit) 0.60(0.94) 1.65(0.75) 0.003"
TS (unit) 0.25(0.44) 0.00(0.00) 0.183
Fibrinogen Concentrate (gr) | 0.90(1.02) 0.40(0.82) 0.183
Cryoprecipitate (unit) 1.00(1.78) 1.20(1.88) 0.799

SD: standard deviation, INR: International normalized ratio, aPTT: Active partial thromboplastin time, ES:
Erythrocyte suspension, FDP: Fresh frozen plasma, PS: Platelet suspension, *P<0.05

It was determined that 26 (65%) transplanted livers
were obtained from cadavers and 14 (35%) from living donors.
No significant difference was found between the groups
regarding cadaver and living donor ratios (P>0.05). Similarly,
there was no significant difference in postoperative outcomes of
transplantations performed from cadavers or living donors
(P>0.05). Besides, there was no difference between the groups

in the postoperative complications that developed in the
recipients (Table 6).
Table 6: Postoperative complication development (mean[SD], n[%]).
Case group Control group = P-value
(n=20) (n=20)
Postoperative kidney injury 10(50%) 8(40%) 0.525
Hepatic artery thrombosis 5(25%) 3(15%) 0.695
Graft rejection 8(40%) 7(35%) 0.744
Length of stay on the ventilator (days) | 1.90(3.54) 2.75(4.55) 0.547
Duration of icu stay (days) 5.60(4.51) 6.10(6.61) 0.678
Length of hospital stay (days) 15.65(11.44) = 15.95(6.79) 0.620
First 28 days of mortality 8(40%) 7(35%) 0.744

SD: standard deviation

Regarding the effects of intraoperative total and post-
reperfusion blood and blood products on ventilator stay,
intensive care unit stay, LOS, hepatic artery thrombosis, graft
rejection, postoperative kidney damage, and first 28-day
mortality, only a weak negative correlation was found between
intraoperative total and postreperfusion fibrinogen use and LOS
(r=-0.325/P=0.041, r=-0.354/P=0.025).

Discussion

In this retrospective case-control study, we investigated
the effect of TEG or conventional coagulation tests on the
number of transfused blood products and postoperative
complications in the post-reperfusion period of liver
transplantation. According to the results of the study, it was
found that the amount of transfused FFP decreased when TEG
was used. However, there was no change in the number of other

Contribution of thromboelastogram-guided transfusion to liver transplantation
o

JOSAM ¢

blood products. There was no difference between the two groups
regarding the development of postoperative complications, but
the LOS decreased with increasing fibrinogen use.

Simultaneous changes in the procoagulant,
anticoagulant, and fibrinolytic system in end-stage liver failure
cause a process in which the coagulation system is rebalanced
globally. This new balance may cause bleeding in patients and
increase the tendency to hepatic artery thrombosis and portal
vein thrombosis [5]. In addition to changes in the coagulation
system, the presence of systemic infection, portal hypertension,
and renal dysfunction also increase the risk of bleeding [6].
Apart from these changes that make it difficult to manage the
coagulation system, each stage of the liver transplant operation
also causes variations in coagulation and poses serious
challenges to patient blood management. Hypercoagulability
often occurs at the onset of surgery, whereas progressive
fibrinolysis is seen in the anhepatic phase. Coagulation gradually
improves in 1 h after reperfusion of the liver allograft [7].
However, due to increased demand for a limited donor supply,
the use of high-risk donors has increased recently, including
advanced-age donors, significant steatosis, post-mortem
donations, and infections. This leads to delayed allograft function
and the risk of severe perioperative bleeding in critically ill
recipients [8]. Therefore, in these patients, coagulation should be
closely monitored, and any bleeding episodes should be
accurately recognized.

Conventional coagulation tests are insufficient to
predict bleeding in patients with liver failure [9]. TEG and
rotational thromboelastometry are increasingly used to guide
transfusions in liver transplant patients [10]. Current evidence on
the use of TEG in liver transplantation suggests that using TEG
rather than conventional coagulation tests results in fewer blood
product transfusions  without increased mortality or
complications. TEG was first used in liver transplantation by
Kang et al. [7], and a 33% reduction in transfusion volume was
achieved. Wang et al. [11] compared two different TEG
protocols in their study. While fewer FFP transfusions were
performed in the strict protocol group (R time>15 min or MA of
<40 mm), there was no difference in mortality. De Pietri et al.
[12] randomized 60 liver transplant patients to a TEG-based
transfusion protocol and significantly reduced the transfusion. De
Pietri also found that TEG use had no adverse effect on 30-day
and 6-months survival [13]. Perioperative TEG values also have
potential value in predicting outcomes of liver transplantations.
Zahr Eldeen et al. [14] reported that preoperative TEG values
could predict early hepatic artery thrombosis. Contrary to
common literature, Gaspari et al. [15] reported that TEG use did
not reduce blood product consumption. The most important
difference of this study from the other studies is that since they
used kaolin TEG, they kept the threshold values considerably
lower than the literature, specifically for MA and alpha angle.
We also use kaolin TEG in the clinic and apply thresholds
similar to this study. However, the most important difference of
this study from our study is that they methodologically
developed a scoring method and formed their cohort according to
this scoring rather than randomly. Although there was no
statistical difference in our study regarding demographic and
surgical data, this difference in methodology may have caused
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the difference in study results. Our study found that using TEG
decreased blood product transfusion, in line with the general
literature. We found that 91 blood and blood product units were
used in the case group and 180 units in the control group. There
was a significant difference in terms of TDP use, with
significantly less TDP use in the case group. Meanwhile, we
detected no significant difference between the groups regarding
mortality and morbidity.

Perioperative transfusions are associated with worse
postoperative outcomes [16]. Significant differences are
observed in transfusion practices among anesthesiologists due to
the transplantation process. Depending on coagulopathy and
portal hypertension, blood product transfusion may be required
during the dissection phase [17]. Deepening of coagulopathy in
the anhepatic phase, particularly delayed graft function or
worsening graft failure shortly after reperfusion, may also
increase the need for transfusion. Similar to other
recommendations, The Liver Intensive Care Group of Europe
(LICAGE) recommends avoiding blood transfusion in the
absence of clinically significant bleeding associated with
coagulopathy [18]. Although the use of viscoelastic tests for
targeted treatment of coagulopathy in liver transplantation is
included in the European Society of Anesthesia (ESA)
guidelines, a consensus is needed for cut-off values to guide
optimal transfusion in practice [19]. The success of conservative
transfusion policies in transplant recipients who tolerate very low
platelet counts in the absence of active bleeding is remarkable
[20]. Platelet transfusion was found to be an independent risk
factor for worse outcomes in liver transplantation [21]. Hence,
platelet transfusion is recommended in the presence of clinically
significant bleeding supported by viscoelastic tests. Similarly, we
used MA values of <30 in the case group and<30,000 in the
control group as threshold values, although much higher values
have been determined in the literature. We did not encounter any
problems in bleeding control, and no correlation between platelet
transfusion with postoperative complications was detected.

Due to the dynamic process of transplantation surgery,
the correlation of viscoelastic tests with conventional coagulation
tests in different phases of surgery is also different.
Coagulopathy, which deepens gradually in other phases,
improves with the onset of allograft function, typically by the
end of the first hour [7]. Yoon et al. [22] compared conventional
laboratory tests with TEG values at various stages of liver
transplantation and found that TEG and conventional coagulation
tests showed a good correlation in the dissection and post-
reperfusion phases, whereas TEG was more advantageous in the
anhepatic phase. In our clinic, we perform blood product
transfusion after reperfusion by supporting clinical indicators
with laboratory parameters, especially because it also shows the
function of the allograft and may affect postoperative graft
function. We found that the amount of FFP was significantly
lower in the TEG-guided case group, but there was no difference
in the transfusion of other blood products. Although not
statistically significant, this may be due to higher fibrinogen use
in the case group. Besides, although we did not observe any
correlation between conventional test values and TEG values, we
can state that there is less correlation between INR and aPTT
values and R time compared to other parameters. Another factor
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in these results may be that our MELD scores were lower than 25
in both groups, and the patients did not have an increased
transfusion risk.

Increased infection rates and hepatic artery thrombosis
after liver transplantation have been associated with ES
transfusion [23]. While still provider- and institution-dependent,
some guidelines suggest that morbidity and mortality will be
reduced when more liberal transfusion strategies are applied to
patients with cardiac comorbidities, targeting a hemoglobin of >9
g/dL. Likewise, the World Health Organization also recommends
restrictive transfusion strategies in critically ill patients that have
been shown to have no detrimental effect on outcomes [24].
Many studies have argued for a threshold Hb concentration of 7
g/dL for transfusion and a Hb threshold value between 8-9 g/dL
in those with a higher risk of side effects of anemia [25].
Optimizing cardiac output, ventilation, and oxygenation helps
improve tolerance to lower Hb concentrations. In our clinic, we
optimized all factors affecting oxygen delivery in transplantation
and determined the Hb threshold value for ES transfusion as 8—9
g/dL. In the study, we transfused an average of 2 units of ES in
both case and control groups. We believe that these values are
quite low for transplantation surgery. Moreover, intraoperative
total and post-reperfusion transfused ES were not correlated with
postoperative complications. We consider strategies such as
restrictive fluid therapy in the dissection phase, low Hb threshold
values we determined for ES transfusion, avoiding prophylactic
treatment for all blood products, and transfusing only in the case
of clinically active bleeding supported by laboratory values that
affect these results.

Most fibrinogen is synthesized in the liver, and its half-
life is shortened in chronic liver failure [26]. When hemodilution
or massive bleeding occurs, fibrinogen is the first factor to reach
critical levels [27]. A fibrinogen concentration below 150 mg/dL
increases hemorrhagic tendency; therefore, signs of fibrinogen
deficiency on viscoelastic tests should suggest that fibrinogen
transfusion may be necessary [19]. In their observational study,
noval-Padillo et al. [28] found that ES, FFP, and PS transfusion
decreased by 50%, and transfusion-free transplantation rates
increased from 3.5% to 20% in patients receiving fibrinogen. A
study on fibrinogen and FFP in surgical and trauma patients
concluded that fibrinogen levels were generally associated with
improved outcome measures, whereas FFP caused serious side
effects [29]. In our study, it was found that fibrinogen values
decreased in both groups in the post-reperfusion period.
Although the amount of fibrinogen given intraoperatively (total
and after reperfusion) was higher in the case group than in the
control group, the difference was insignificant. Regarding the
effect on postoperative complications, there was a negative
correlation between fibrinogen use and LOS.

Limitations

Our study had some limitations. First, the data set was
obtained retrospectively. This may lead to biases in the
objectivity of the results. The second is that the number of cases
was small, and we randomly selected the control group by non-
consecutive sampling. Our results could have been much more
objective if we had used a scoring method in which different
factors were standardized when selecting the control group.
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Furthermore, the small number of cases decreased the
power of statistical analyses. Although TEG is a real-time test, it
is also a test that gives instant results. Thus, the coagulation
cascade should be evaluated more frequently in a dynamic
process such as liver transplantation. If repeated sequential TEG
measurements had been studied in each phase of surgery, the
effect on transfusion rates might have been much different.
Similarly, if TEG studies could be continued in the postoperative
period, the effect of the strategy applied, particularly in the post-
reperfusion period, on postoperative complications could be
evaluated more accurately.

Conclusion

In conclusion, TEG-guided transfusion decreased total
blood product consumption in the post-reperfusion period.
Besides, the increase in the use of fibrin has led to a decrease in
LOS. The use of TEG has no significant effect on mortality and
morbidity. Although there is still a need to establish thresholds
for transfusion, using TEG combined with an objective
assessment of patient clinical status may be an ideal guide for
transfusion strategy.
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