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Background: Liver transplantation (LT) may be associated with massive blood loss and 
the need for allogeneic blood transfusion. Intraoperative blood salvage autotransfusion 
(IBSA) can reduce the need for allogeneic blood transfusion. This study aimed to investi-
gate the effectiveness of blood salvage in LT. 
Methods: Among 355 adult patients who underwent elective living-donor LT between 
January 1, 2019, and December 31, 2022, 59 recipients without advanced hepatocellular 
carcinoma received IBSA using Cell Saver (CS group). Based on sex, age, model for end-
stage liver disease (MELD) score, preoperative laboratory results, and other factors, 118 of 
the 296 recipients who did not undergo IBSA were matched using propensity score (non-
CS group). The primary outcome was the amount of intraoperative allogenic red blood 
cell (RBC) transfusion. Comparisons were made between the two groups regarding the 
amount of other blood components transfused and postoperative laboratory findings. 
Results: The transfused allogeneic RBC for the CS group was significantly lower than that 
of the non-CS group (1,506.0 vs. 1,957.5 ml, P = 0.026). No significant differences in the 
transfused total fresh frozen plasma, platelets, cryoprecipitate, and estimated blood loss 
were observed between the two groups. The postoperative allogeneic RBC transfusion was 
significantly lower in the CS group than in the non-CS group (1,500.0 vs. 2,100.0 ml, P = 
0.039). No significant differences in postoperative laboratory findings were observed at 
postoperative day 1 and discharge. 
Conclusions: Using IBSA during LT can effectively reduce the need for perioperative allo-
geneic blood transfusions without causing subsequent coagulopathy. 
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Introduction 

Liver transplantation (LT) is a surgical procedure indicated for patients with end-stage 
liver disease or acute liver failure that cannot be treated with medication or other thera-
pies. High intraoperative blood loss is anticipated during LT owing to coagulopathy, por-
tal hypertension, collateral vessels, and complex surgical procedures including anastomo-
sis of major vessels [1]. Therefore, allogeneic blood transfusion is common, and rates of 
perioperative allogeneic blood transfusion remain elevated in patients undergoing LT 
(50.5%–62.6%) [2,3]. However, allogeneic blood transfusion causes immunosuppression 
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[4] and can lead to complications, such as anaphylaxis, transfu-
sion-associated circulatory overload, or transfusion-related acute 
lung injury [5,6]. The risk of infection and graft failure is also high 
in patients who receive allogeneic blood transfusion, with signifi-
cantly longer wound healing and hospitalization periods [7,8]. 

In an effort to reduce the need for allogeneic blood transfu-
sions, intraoperative blood salvage autotransfusion (IBSA) has 
been developed. Moreover, the IBSA system collects and process-
es blood from the operative field, allowing it to be reinfused into 
the patient [9]. 

Studies have reported that IBSA reduces the amount of intraop-
erative allogeneic red blood cell (RBC) transfusion in LT [10,11]; 
however, some studies have suggested otherwise [12,13]. Addi-
tionally, several reports revealed that higher intraoperative blood 
loss may be owing to IBSA-related fibrinolysis during LT [14,15]. 
The relationship between IBSA and the coagulative and fibrino-
lytic laboratory parameters has not been studied in detail. More-
over, some reports have shown that IBSA can cause side effects, 
such as coagulopathy, infection, and salvaged blood syndrome 
[6,16]. 

Currently there is no consensus on the efficacy and safety of 
IBSA in LT, and the impact of IBSA on the early and long-term 
outcomes is unclear. Therefore, this study aimed to evaluate the 
efficacy of IBSA during LT, with the goal of providing insight into 
its potential role in reducing the need for allogeneic blood trans-
fusions and improving patient outcomes. Additionally, we verified 
the efficacy of blood salvage throughout the perioperative period 
of LT by showing the reduced amount of postoperative allogeneic 
blood transfusion. 

Materials and Methods 

This study has been approved by the Institutional Review Board 
(IRB) of Severance Hospital (IRB No. 4-2022-1629). The require-
ment for informed consent was waived by the IRB owing to the 
retrospective nature of this study. 

This was a single-center, retrospective cohort study. Data were 
collected from electronic medical records. Patients who under-
went LT between January 1, 2019, and December 31, 2022, were 
enrolled. The exclusion criteria were ages below 18 years, emer-
gency surgery, deceased donor LT, and incomplete data. Incom-
plete data refers to data omissions, inadequately recorded infor-
mation, or data presented in inappropriate formats. Patients un-
dergoing elective living-donor LT were divided into two groups 
based on usage of IBSA: Cell Saver (CS) group and non-CS group. 

Patient demographics (sex, age, height, weight, body mass in-
dex, and the model for end-stage liver disease [MELD]), symp-

toms related with end-stage liver disease (ascites, encephalopathy, 
and varices), preoperative laboratory findings, perioperative out-
comes, and transplantation-related complications were recorded. 
The MELD score was calculated using the preoperative values for 
international normalized ratio (INR), serum bilirubin, and serum 
creatinine. Aspartate transaminase, alanine transaminase, total 
bilirubin, direct bilirubin, prothrombin time (PT), INR, activated 
partial thromboplastin time (aPTT), hemoglobin, and platelet 
count were involved in preoperative laboratory findings within 
one month prior to surgery. Intraoperative parameters include the 
amount of crystalloid, albumin input, RBC count, fresh frozen 
plasma (FFP), platelet count, cryoprecipitate transfusion, urine 
output, and estimated blood loss. Hemoglobin level, platelet 
count, PT, INR, aPTT, and fibrinogen were recorded on postoper-
ative day 1 (POD1) and on discharge. Postoperative transfusion 
was calculated as the total amount of transfused blood from ad-
mission to the surgical intensive care until discharge. Clinical out-
comes including length of hospital, intensive care unit (ICU) stay 
and ventilation duration were recorded. We examined transplan-
tation-related complications (graft failure, bile duct complication, 
and vascular complication) using follow-up data. Patients who 
underwent surgery between January 1, 2019, and December 31, 
2021, were included and followed up until June 2022. The fol-
low-up period ranged from 80 to 1,234 days, with a median of 501 
days. These variables were compared between the CS group and 
non-CS group. 

According to our institutional policy, IBSA was used in the 
elective living-donor LT, whereas it was contraindicated in pa-
tients with advanced hepatocellular carcinoma. Blood was sal-
vaged using Cell Saver 5 (Haemonetics®). The shed blood from 
the operative field was suctioned into the reservoir of a device 
containing anticoagulant. If sufficient blood was collected, it un-
derwent centrifugation and washing, and was processed to a he-
matocrit of approximately 60%. The target blood hemoglobin 
concentration was 8.0 g/dl, and salvaged blood was autotrans-
fused in the CS group when RBC transfusion was indicated. Sal-
vaged blood was used only during surgery. 

Intra- and postoperatively, allogeneic blood transfusion was 
performed based on the hospital guidelines. Allogeneic transfu-
sion was considered based on tolerance when the hemoglobin 
concentration dropped below 8.0 g/dl that was determined by ar-
terial blood gas analysis or complete blood count. 

Statistical analysis 

Continuous variables are presented as median (Q1, Q3) or 
mean ±  SD and were compared using a Mann-Whitney U test or 
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independent t-test. Categorical variables are presented as frequen-
cy and proportions and were compared using Fisher’s exact test or 
a chi-square test. The cumulative survival probabilities were esti-
mated by the Kaplan-Meier method and compared between the 
groups by the log-rank test. 

Propensity score matching was performed to correct baseline 
selection bias. Using logistic regression, a propensity score was 
constructed based on the predicted probability of IBSA. Selected 
covariates are variables associated with the degree of liver dys-
function and blood loss during LT. These include sex, age, MELD 
score, American Society of Anesthesiologists classification, preop-
erative hemoglobin, platelet count, PT, and INR [17–19]. Covari-
ate matching was performed in a 1:2 ratio between the CS group 
and non-CS group using an optimal matching algorithm without 
replacement and caliper. Matching quality was evaluated using 
standardized mean differences between the CS group and non-CS 
group. A standardized mean difference <  0.1 indicated a negligi-
ble imbalance between the groups. 

All two-sided P values <  0.050 were considered statistically sig-
nificant. Statistical analysis was performed using R package, ver-

sion 4.2.2 (R Development Core Team, R Foundation for Statisti-
cal Computing®). Propensity score matching was performed us-
ing the Matchit package of the R software. 

Results 

A total of 455 LT procedures were performed between January 
1, 2019, and December 31, 2022, in our institution. We excluded 
100 patients for the following reasons: (1) emergency operation or 
deceased donor LT (n =  74) and (2) ages under 18 years (n =  26). 
The remaining 355 adult patients who underwent elective liv-
ing-donor LT were included in this study. 

Of these, 59 (16.6%) received IBSA and 296 (83.4%) did not. 
Baseline characteristics are shown in Table 1. Before matching, 
significant differences were observed between the two groups, in-
cluding MELD score, ascites, encephalopathy, bilirubin, PT, INR, 
aPTT, and hemoglobin. The MELD score was significantly higher 
in the CS group than in the non-CS group (10.6 [7.7, 15.7] vs. 15.8 
[12.9, 21.6], P <  0.001), indicating an imbalance in baseline liver 
function between the two groups. 

Table 1. Baseline Characteristics

Variable
Before matching After matching

Non-CS group 
(n =  296)

CS group 
(n =  59) P value SMD Non-CS group

(n =  118)
CS group
(n =  59) P value SMD

Demographics
 Sex (M) 205 (69.3) 36 (61.0) 0.278 0.174 78 (66.1) 36 (61.0) 0.617 0.106
 Age (yr) 57.0 (51.0, 63.0) 55.0 (48.5, 61.5) 0.111 0.197 56.0 (50.0, 62.0) 55.0 (48.5, 61.5) 0.671 0.046
 BMI (kg/m2) 23.9 (21.7, 26.3) 23.9 (21.5, 26.6) 0.685 0.097 23.1 (20.8, 26.3) 23.9 (21.5, 26.6) 0.584 0.010
 MELD score 10.6 (7.7, 15.7) 15.8 (12.9, 21.6) 0.000 0.785 16.0 (11.3, 21.5) 15.8 (12.9, 21.6) 0.437 0.110
 ASA ≥  3 291 (98.3) 59 (100.0) 0.689 0.185 118 (100.0) 59 (100.0) <  0.001
ESLD symptoms
 Ascites 167 (56.4) 48 (81.4) 0.001 0.559 98 (83.1) 48 (81.4) 0.944 0.044
 Encephalopathy 54 (18.2) 19 (32.2) 0.025 0.326 39 (33.1) 19 (32.2) 1.000 0.018
 Varices 190 (64.2) 41 (69.5) 0.528 0.113 92 (78.0) 41 (69.5) 0.296 0.193
Preop laboratories
 AST (IU/L) 35.5 (25.0, 48.0) 40.0 (30.5, 52.5) 0.081 0.078 35.0 (24.0, 50.0) 40.0 (30.5, 52.5) 0.140 0.049
 ALT (IU/L) 19.0 (13.0, 26.0) 16.0 (11.0, 25.5) 0.242 0.019 16.5 (11.0, 24.0) 16.0 (11.0, 25.5) 0.840 0.021
 Total bilirubin (mg/dl) 1.5 (0.9, 3.1) 2.4 (1.7, 5.1) <  0.001 0.253 2.6 (1.4, 6.0) 2.4 (1.7, 5.1) 0.852 0.113
 Direct bilirubin (mg/dl) 0.6 (0.3, 1.5) 1.2 (0.8, 2.5) <  0.001 0.305 1.4 (0.7, 3.3) 1.2 (0.8, 2.5) 0.728 0.019
 PT (s) 14.1 (12.8, 16.5) 16.5 (15.0, 19.6) <  0.001 0.457 16.5 (14.1, 19.8) 16.5 (15.0, 19.6) 0.801 0.024
 INR 1.2 (1.1, 1.4) 1.4 (1.2, 1.6) <  0.001 0.484 1.4 (1.2, 1.6) 1.4 (1.2, 1.6) 0.806 0.035
 aPTT (s) 34.3 (30.9, 38.2) 36.9 (33.7, 41.5) 0.001 0.150 36.3 (32.6, 42.1) 36.9 (33.7, 41.5) 0.445 0.026
 Hemoglobin (g/L) 10.6 (9.1, 12.4) 8.9 (8.0, 10.3) <  0.001 0.121 9.1 (7.9, 10.0) 8.9 (8.0, 10.3) 0.576 0.148
 Platelet count (109/L) 75.0 (54.5, 112.0) 67.0 (43.0, 96.0) 0.054 0.316 63.5 (48.0, 89.0) 67.0 (43.0, 96.0) 0.815 0.005
Values are presented as numbers (%), mean ± SD or median (Q1, Q3), except for categorical variables, for which values represent numbers of 
patients with percentages. CS: Cell Saver, SMD: standardized mean difference, BMI: body mass index, MELD: model for end-stage liver disease, 
ASA: American Society of Anesthesiologists classification, ESLD: end-stage liver disease, AST: aspartate transaminase, ALT: alanine transaminase, 
PT: prothrombin time, INR: international normalized ratio, aPTT: activated partial thromboplastin time.
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Propensity score matching between the two groups was per-
formed in a 1:2 ratio. After matching, the CS group and non-CS 
group were in balance for baseline characteristics including MELD 
score (16.0 [11.3, 21.5] vs. 15.8 [12.9, 21.6], P =  0.437, Table 1).  

Follow-up data were collected from 127 patients in the study 
population to evaluate transplantation-related complications 
(graft failure, bile duct complication, and vascular complication). 
Among these patients, after propensity score matching, those who 
underwent surgery until the year 2021 were included and fol-
lowed up until June 2022. 

The median blood volume autotransfused in the CS group was 
550 ml (314, 1,186). No significant difference in crystalloid and 
albumin input was observed between the two groups. The median 
amount of transfused allogeneic RBC was significantly lower in 
the CS group (1,506.0 ml [896.5, 2,170.5] for the CS group vs. 
1,957.5 ml [900.0, 3,294.0] for the non-CS group, P =  0.026). No 
significant difference in the total amount of transfused FFP, plate-
lets, and cryoprecipitate was observed between the two groups. 
Estimated blood loss during surgery was not significantly differ-
ent between the groups (P =  0.611, Table 2). 

Both groups showed similar postoperative laboratory findings 
on POD1 and at the time of discharge (Table 3). The total amount 
of postoperative RBC transfusion until discharge was significantly 
lower in the CS group than in the non-CS group (1,500.0 ml 
[300.0, 3,600.0] vs. 2,100.0 ml [600.0, 4,800.0], P =  0.039). No sig-
nificant difference was observed between the groups regarding 
the total amount of postoperative FFP, platelet, and cryoprecipi-
tate transfusion until discharge. The length of hospital and ICU 
stay and ventilation duration were similar between the groups. 
Additionally, no significant difference in transplantation-related 
complications was observed between the two groups, including 
graft failure, bile duct complication, vascular complication, and 

one-year mortality (Table 4). 
The one-year survival after LT between the CS group and non-

CS group was analyzed. The one-year mortality rate was 10% in 
the CS group, compared to 19.6% in the non-CS group (P =  
0.349, Table 4). No significant difference in cumulative survival 
probabilities was observed between the two groups (P =  0.500, 
Fig. 1). 

Discussion 

Our study has demonstrated that IBSA effectively reduces the 
need for allogeneic blood transfusion during LT throughout the 
postoperative period until discharge. Moreover, no significant dif-
ferences in length of hospital and ICU stay, ventilation duration, 
one-year mortality, and transplantation-related complications 
were observed between the groups. 

The efficacy and safety of IBSA use has been well-established in 
other surgical domains. A previous systematic review demonstrat-
ed that IBSA lowered intraoperative allogeneic RBC transfusion 
by 38% in orthopedic and cardiac surgery without additional 
worsening of clinical outcomes [20]. A meta-analysis that includ-
ed various types of surgery, predominantly consisting of orthope-
dic, cardiac, and vascular surgeries, demonstrated that IBSA re-
duced the rate of exposure to allogeneic RBC transfusion by a rel-
ative 39%, as well as the risk of infection and length of hospital 
stay [21]. Compared to research on IBSA in other surgical fields, 
studies on IBSA in LT are relatively scarce in terms of quantity 
and sample size. The use of IBSA in LT has been analyzed in sev-
eral observational studies. Similar to the results of our study, a re-
duction in intraoperative allogeneic transfusion owing to IBSA 
use was reported by several studies [22–24]. 

In addition to the significant reduction in intraoperative RBC 

Table 2. Intraoperative Parameters after Matching
Variable Non-CS group (n =  118) CS group (n =  59) P value
Intake (ml)
 IBSA volume 0.0 (0.0, 0.0) 550.0 (314.0, 1,186.0) <  0.001
 Crystalloid 6,209.5 (4,628.0, 9,147.0) 5,900.0 (4,771.5, 7,855.0) 0.433
 Albumin 3,500.0 (2,500.0, 4,600.0) 3,500.0 (3,000.0, 5,000.0) 0.200
 RBC 1,957.5 (900.0, 3,294.0) 1,506.0 (896.5, 2,170.5) 0.026
 FFP 317.5 (0.0, 759.0) 450.0 (0.0, 674.0) 0.619
 Platelet 265.5 (0.0, 499.0) 236.0 (0.0, 304.0) 0.310
 Cryoprecipitate 240.0 (77.0, 480.0) 242.0 (233.5, 480.0) 0.507
Urine output (ml) 1,057.5 (630.0, 1,560.0) 1,050.0 (640.0, 1,615.0) 0.854
Estimated blood loss (ml) 6,175.0 (3,850.0, 8,900.0) 5,900.0 (3,676.0, 8,200.0) 0.611
Values are presented as median (Q1, Q3). CS: Cell Saver, IBSA: intraoperative blood salvage autotransfusion, RBC: red blood cell, FFP: fresh frozen 
plasma.
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Table 3. Postoperative Outcomes after Matching
Variable Non-CS group (n =  118) CS group (n =  59) P value
Laboratory finding on POD1
 Hemoglobin (g/L) 8.3 (7.6, 9.0) 8.3 (7.6, 9.1) 0.957
 Platelet count (× 109/L) 55.0 (44.0, 70.0) 61.0 (45.5, 75.5) 0.261
 Prothrombin time (s) 19.5 (16.8, 22.3) 18.5 (16.6, 20.6) 0.409
 INR 1.6 (1.4, 1.9) 1.5 (1.4, 1.7) 0.140
 aPTT (s) 42.2 (37.5, 52.1) 40.6 (36.7, 46.6) 0.200
 Fibrinogen (mg/dl) 94.0 (73.0, 139.0) 104.0 (86.5, 127.5) 0.190
Laboratory finding on discharge
 Hemoglobin (g/L) 9.2 ±  1.4 9.0 ±  1.2 0.167
 Platelet count (109/L) 155.0 (92.0, 243.0) 178.0 (93.0, 303.0) 0.133
 Prothrombin time (s) 12.1 (11.3, 13.8) 12.4 (11.6, 13.6) 0.327
 INR 1.0 (0.9, 1.2) 1.0 (1.0, 1.1) 0.690
 aPTT (s) 30.7 (27.9, 35.0) 30.2 (28.0, 34.5) 0.854
Postoperative total transfusion*
 RBC (ml) 2,100.0 (600.0, 4,800.0) 1,500.0 (300.0, 3,600.0) 0.039
 FFP (ml) 3,300.0 (1,800.0, 4,500.0) 3,750.0 (2,700.0, 5,025.0) 0.120
 Platelet (ml) 900.0 (300.0, 2,250.0) 600.0 (300.0, 1,800.0) 0.120
 Cryoprecipitate (ml) 240.0 (240.0, 240.0) 240.0 (240.0, 240.0) 0.728
Clinical outcomes
 Length of hospital stay (d) 48.0 (33.0, 70.5) 51.0 (30.5, 66.5) 0.510
 Length of ICU stay (d) 4.0 (3.0, 6.0) 5.0 (4.0, 6.0) 0.169
 Ventilation duration (d) 2.0 (2.0, 4.5) 2.0 (2.0, 4.0) 0.950
Values are presented as median (Q1, Q3) or mean ± SD. CS: Cell Saver, POD: postoperative day, INR: international normalized ratio, aPTT: 
activated partial thromboplastin time, RBC: red blood cell, FFP: fresh frozen plasma, ICU: intensive care unit. *Postoperative transfusion: the total 
amount of transfused blood from admission to the surgical intensive care center until discharge.

Table 4. Transplantation-related Complications

Variable
Non-CS 
group

(n =  97)

CS group
(n =  30) P value

Transplantation-related  
complications

 One-year mortality 19.6 10 0.349
 Graft failure 6 (6.2) 2 (6.7) 1.000
 Bile duct complication 45 (46.4) 14 (46.7) 1.000
 Total vascular complication 21 (21.6) 6 (20.0) 1.000
 Hepatic artery 8 (8.2) 2 (6.7) 1.000
  Portal vein 10 (10.3) 1 (3.3) 0.415
  Hepatic vein 5 (5.2) 3 (10.0) 0.600
Values are presented as number (%). CS: Cell Saver.

Fig. 1. Kaplan-Meier analysis of one-year survival after liver transplant 
between the Cell Saver group (n = 30) and non-Cell Saver group (n = 
97). No significant differences were observed between the two groups (P 
= 0.500). CS: Cell Saver.

transfusion, our study found a noteworthy decrease in postopera-
tive RBC transfusion from the patients’ arrival in the ICU until 
discharge. This finding is clearly different from that of previous 
studies that primarily focused on the amount of blood transfused 
solely during the surgery. However, it aligns with some existing 
literature [24,25] and suggests a potential correlation with the ad-
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verse effects of intraoperative allogeneic transfusion that can 
cause dilutional coagulopathy and subsequent increase in postop-
erative bleeding [11]. Based on these observations, it can be spec-
ulated that IBSA may enhance postoperative outcomes by reduc-
ing the need for intraoperative RBC transfusions without intro-
ducing any additional side effects. Although our study did not di-
rectly measure postoperative estimated blood loss in the ICU, our 
results indicated that IBSA did not cause postoperative coagulop-
athy. These findings suggest that IBSA can be a valuable approach 
in LT, as it not only reduces the risks associated with allogeneic 
blood transfusions but contributes to improved postoperative out-
comes without compromising coagulation. 

Monitoring perioperative blood coagulation in LT is crucial as 
patients with end-stage liver disease often experience impaired 
coagulation. In our study, no significant differences were observed 
intraoperatively between the two groups regarding the transfusion 
of FFP, platelets, and cryoprecipitate. Furthermore, no notable 
variations in postoperative laboratory parameters, including plate-
let count, PT, INR, aPTT, and fibrinogen levels, on POD 1 were 
observed between the two groups. Since IBSA replaces only RBCs 
and no other clotting factors or platelets, there is a concern that 
dilution of clotting factors could potentially lead to clinical coagu-
lopathy [9,26]. However, it is essential to note that several studies 
have reported that IBSA does not significantly affect the total 
amount of intraoperative FFP and platelet transfusions, nor does 
it have a notable impact on postoperative coagulation parameters 
[20,27]. Additionally, a previous study reported that the volume of 
IBSA used was associated with the severity of blood coagulation 
impairment [28]. In studies where clinical coagulopathy was re-
ported, the volume of IBSA used was approximately 1,000 ml that 
was larger than that used in other studies [28,29]. However, in our 
study, the average autotransfusion volume was 550 ml that indi-
cates that the volume did not significantly affect blood coagula-
tion. Therefore, based on the findings from our study and existing 
literature [20,27], it can be suggested that a mean IBSA autotrans-
fusion volume of 550 ml in LT, as used in our research, is unlikely 
to have a significant effect on blood coagulation. Nevertheless, 
continuous monitoring and further investigation of perioperative 
coagulation status remain essential to ensure patient safety during 
the LT procedures. 

This study offers a distinctive and valuable contribution to the 
existing literature by exploring the cumulative perioperative 
transfusion volume until discharge. Unlike previous studies that 
focused solely on the intraoperative outcome, our approach pro-
vides a more comprehensive and thorough evaluation of the effi-
cacy of blood salvage throughout the perioperative period of LT. 
This broader perspective allows for a better understanding of the 

overall impact and benefits of blood salvage techniques in LT, 
making our study a valuable addition to the existing body of 
knowledge in this field. 

This study has some limitations. First, being a retrospective 
study, there may be inherent biases and limitations associated 
with the use of electronic medical records for data collection, such 
as potential confounding variables and missing data, and the ef-
fect of anesthesiologists or operating surgeons. However, we made 
efforts to address these limitations by conducting rigorous data 
collection and employing propensity score matching. Propensity 
score matching allowed us to minimize selection bias and en-
hance the comparability between the CS and non-CS groups. Sec-
ond, the study was conducted at a single center that may restrict 
the generalizability of our findings to other institutions. To vali-
date and strengthen our results, multi-center studies with larger 
sample sizes are warranted. Furthermore, the follow-up period in 
our study was relatively short, ranging from 80 to 1,234 days, with 
a median of 501 days. Longer-term follow-up is essential to assess 
the effect of IBSA on outcomes such as overall survival, graft sur-
vival, and long-term complications. Future research should focus 
on evaluating the longer-term effects of IBSA on patient outcomes 
to gain a more comprehensive understanding of its benefits. 

In conclusion, our study presents compelling evidence that the 
implementation of IBSA during LT is highly effective in reducing 
the necessity for allogeneic blood transfusions. Our findings hold 
crucial implications for clinical practice, as IBSA has the potential 
to substantially decrease the reliance on allogeneic blood transfu-
sions, thereby minimizing transfusion-related complications and 
ultimately leading to improved patient outcomes. Continued in-
vestigation into IBSA’s benefits and appropriate indications could 
bring about meaningful advancements in the field of LT and en-
hance patient care in the future. 
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