
Received: 2020.02.20
Accepted: 2020.04.17

Available online: 2020.08.12
Published: 2020.10.09

Importance of Intraoperative Transfusions of 
Packed Red Blood Cells and Fresh Frozen Plasma 
in Liver Transplantation for Hepatocellular 
Cancer

 ABDEF 1,2 Łukasz Masior
 BCD 1 Michał Grąt
 B 3 Karolina Grąt
 BF 1 Maciej Krasnodębski
 B 4 Karolina M. Wronka
 B 1 Jan Stypułkowski
 B 1 Waldemar Patkowski
 B 2 Mariusz Frączek
 BD 1 Marek Krawczyk
 BD 1 Krzysztof Zieniewicz

 Corresponding Author: Łukasz Masior, e-mail: lmasior@gmail.com
 Source of support: Departmental sources

 Background: The impact of packed red blood cells (PRBCs) and fresh frozen plasma (FFP) transfusions in patients with he-
patocellular cancer (HCC) undergoing liver transplantation has rarely been evaluated. The aim of the current 
study was to assess the impact of intraoperative transfusions on posttransplant outcomes.

 Material/Methods: This retrospective cohort study was based on 229 HCC transplant recipients. The primary outcome measure 
was 5-year recurrence-free survival. Secondary outcome measures comprised overall and long-term survival at 
5 years and 90-day mortality. Cox proportional hazard models and logistic regression were used to assess risk 
factors.

 Results: After adjustment for potential confounders, no association was found with respect to tumor recurrence for PRBCs 
(P=0.368) or FFP (P=0.081) transfusions. Similarly, PRBC transfusion (P=0.623) and FFP transfusion (P=0.460) 
had no impact on survival between 90 days and 5 years. PRBC transfusion increased the risk of 90-day mor-
tality (P=0.005), while FFP transfusion was associated with a lower risk (P=0.036).

 Conclusions: Intraoperative transfusions of blood products does not impair recurrence-free and long-term survival of pa-
tients with HCC undergoing liver transplantation. Intraoperative PRBC transfusion increases the risk of early 
mortality, whereas adequate supplementation of FFP plays a protective role.
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Background

Hepatocellular cancer (HCC) is the sixth most common ma-
lignancy worldwide and the second most common cause of 
cancer-related deaths [1–3]. Liver transplantation remains the 
most effective treatment for curing both the cancer and the 
pathology underlying its development [4,5].

The current benchmark criteria for transplantation (Milan crite-
ria) are based solely on morphological features and yield good 
results [6,7]. However, numerous studies show that the number 
and size of tumors are not sufficient for assessing the prognosis 
of patients with HCC [8–11]. In addition, the transfusion of blood 
products has been found to have a detrimental effect in various 
types of cancer in terms of early mortality, long-term survival, 
and recurrence [12–15]. The main factor is immune based and 
has been termed transfusion-related immunomodulation [16].

The effects of transfusions with packed red blood cells (PRBCs) 
and fresh frozen plasma (FFP) in patients with HCC under-
going liver transplantation have rarely been evaluated. The 
aim of the present study was to assess whether such trans-
fusions affect the outcomes of HCC patients treated with liv-
er transplantation.

Material and Methods

This retrospective cohort study included 229 patients with 
HCC who were treated with liver transplantation between 
December 1994 and December 2014 at the Department of 
General, Transplant and Liver Surgery of the Medical University 
of Warsaw. Only patients with classic HCC were included. The 
study protocol was approved by the Ethics Committee of the 
Medical University of Warsaw.

All clinical variables were extracted from a database of patients 
with primary and secondary liver tumors at our center. This in-
formation is prospectively collected, and data on the number 
of PRBC and FFP units transfused during each patient’s pro-
cedure were taken from the anesthesia cards. The transplan-
tation techniques and the regimens used for immunosuppres-
sive treatment were previously described [17,18].

Qualitative variables are presented as numbers and per-
centages, and quantitative variables as medians and ranges. 
Characteristics of the study group included the main analyzed 
variables (intraoperative transfusion of PRBCs and FFP), onco-
logical variables, and non-oncological variables. The character-
istics of 2 groups of patients within and outside Milan criteria 
were compared. The Fisher’s exact test was used to compare 
the qualitative variables, and the Mann-Whitney U test was 
used to assess quantitative variables.

The primary outcome measure was 5-year recurrence-free sur-
vival, and the secondary outcome measures were 5-year over-
all survival, long-term survival, and 90-day postoperative mor-
tality. Long-term survival specifically referred to patients who 
survived beyond 90 days after surgery. To assess the relevant 
risk factors, the Cox proportional hazards model and logistic 
regression were used. Multivariate models were created using 
the stepwise forward method. The level of statistical signifi-
cance for including variables in the model was set at P<0.05; 
the level for exclusion was set at P>0.10. For each of the out-
come measures receiver operating characteristics (ROC) curves 
were plotted for both PBRC and FFP transfusions. Additionally, 
a series of univariable subgroup analyses was performed, in-
cluding transfusion of PRBCs and FFP depending on the fulfil-
ment of certain eligibility criteria (Milan, University of California 
San Francisco [UCSF], Up-to-7).

Survival curves were calculated using the Kaplan-Meier meth-
od. Overall survival was calculated from the date of trans-
plantation until patient death irrespective of cause and cen-
sored at 5 years after transplantation or last follow-up visit. 
Accordingly, recurrence-free survival was calculated from the 
date of transplantation until the first documented recurrence 
and censored at 5 years after transplantation or last follow-
up visit. Comparison of survival curves was made using a log-
rank test. Confidence intervals (CIs) were given with 95% limits. 
The statistical significance limit was set at 0.05. All statisti-
cal analyses were carried out using the Statistica 12 statisti-
cal software (StatSoft Inc).

Results

The studied cohort predominantly contained men (65.5% of 
all patients), and the median age of recipients was 57 years 
(range 20–71 years). Their median MELD (model for end-stage 
liver disease) score was 11 points (range 6–40 points). The 
median number of tumors in the explanted liver was 1, and 
the median size of the largest lesion was 30 mm. One hun-
dred of the 229 patients underwent neoadjuvant therapy be-
fore transplantation (43.7% of patients). The most common-
ly used method was transarterial chemoembolization (TACE), 
which was applied in 77 patients (33.6%). The detailed charac-
teristics of the study group are provided in Table 1. In a com-
parison of patients who met and did not meet the Milan crite-
ria, significant differences were observed only for the majority 
of oncological variables (Table 2).

The median follow-up was 35.7 months, and the 90-day mor-
tality rate was 8.7% (20 patients). The 5-year overall survival 
in the whole group was 68.6%, with recurrence-free survival 
reaching 78.7%. The 5-year overall survival of patients fulfilling 
Milan criteria (71.4%) was better than that of the patient who 
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Median (range) or n (%)

Recipient age (years)  57 (20–71)

Recipient sex (male)  150 (65.5%)

Donor age (years)  50 (15–70)

Donor sex (male)  150 (65.5%)

HBV  95 (41.5%)

ALD  38 (16.6%)

HCV  162 (70.7%)

MELD  11 (6–40)

Blood transfusion (units)  3 (0–48)

Plasma transfusion (units)  6 (0–50)

Pre-transplant AFP (ng/ml)  15.8 (0.7–43337.0)

Number of tumors  1.0 (1.0–10.0)

Size of the largest tumor (mm)  30 (3–140)

TTV (cm3)  22.5 (0.02–5277.9)

Neoadjuvant treatment  100 (43.7%)

TACE  77 (33.6%)

Table 1. Characteristics of the study cohort.

Data are presented as median (range) or n (%). * Refers to group of 224 patients.

Median (range) or n (%)

Previous resection  13 (5.7%)

Local tumor ablation  40 (17.5%)

Microvascular invasion*  65 (28.4%)

Macrovascular invasion*  8 (3.5%)

Grading

 Unknown  48 (21.0%)

 G1  14 (6.1%)

 G2  143 (62.4%)

 G3  24 (10.5%)

Milan criteria  135 (59.0%)

Up-to-7 criteria  172 (75.1%)

UCSF criteria  162 (70.7%)

Bilirubin (mg/dl)  1.3 (0.3–43.4)

INR  1.2 (0.8–3.0)

Technique of transplantation 
(piggy-back) 

 198 (86.5%)

Total ischemic time (minutes)  545 (240–910)

Median (range) or n (%)
p

 Within criteria  Beyond criteria 

Recipient age (years)  57 (20–71)  57 (33–69) 0.873

Recipient sex (Male)  94 (69.6%)  71 (75.5%) 0.371

Plasma transfusion (units)  6 (0–36)  7 (0–50) 0.143

Blood transfusion (units)  3 (0–38)  4 (0–48) 0.379

HCV  95 (70.4%)  67 (71.3%) 1.000

HBV  58 (43.0%)  37 (39.4%) 0.683

MELD  11 (6–39)  11 (6–40) 0.767

Donor age (years)  50 (15–68)  50.5 (18–70) 0.525

Total ischemic time (minutes)  540 (240–780)  570 (278–910) 0.718

Neoadjuvant treatment  52 (38.5%)  48 (51.1%) 0.078

Previous resection  7 (5.2%)  6 (6.4%) 0.775

Pre-transplant AFP (ng/ml)  13.4 (1.5–4984.0)  34.7 (0.7–43337.0) 0.003

Number of tumors  1 (1–3)  3 (1–10) <0.001

Size of the largest tumor (mm)  25 (3–50)  45 (10–140) <0.001

TTV (cm3)  8.2 (0.02–65.5)  74.0 (0.9–5277.9) <0.001

Microvascular invasion  22 (16.4%)  43 (47.8%) <0.001

Grading (G3)  9 (6.7%)  15 (16.0%) 0.029

Table 2. Comparision of patients within and beyond Milan criteria.

Data are presented as median (range) or n (%).
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did not meet the criteria (65.4%); however, the difference was 
not statistically significant (P=0.062). Accordingly, the 5-year 
recurrence-free survival of patients within and outside Milan 
criteria was 90.7% and 62.5%, respectively (P<0.001).

In multivariable analyses, recurrence-free survival was signif-
icantly influenced exclusively by oncological measures, such 
as a-fetoprotein concentration (P=0.002), number of tumors 
(P<0.001), size of the largest tumor (P=0.002), and tumor grad-
ing (P=0.019; Table 3). No association was found with respect 
to tumor recurrence for either PBRCs (hazard ratio [HR] 0.96 
for 1 unit, 95% CI 0.89–1.04; P=0.368) or FFP (HR 0.91 for 1 
unit, 95% CI 0.82–1.01; P=0.081) transfusion. In contrast, the 
only factor independently associated with overall survival was 
intraoperative transfusion of PBRCs (HR 1.04 for 1 unit, 95%CI 
1.01–1.07; P=0.007). There was no such association with re-
gard to FFP transfusion (HR 1.03 for 1 unit, 95% CI 1.00–1.07; 
P=0.064). Well-established tumor-related variables also had 
no impact on overall survival.

After exclusion of early deaths, risk factors were analyzed 
among patients who survived more than 90 days after trans-
plantation. Neither PRBC transfusion (HR 0.98 for 1 unit, 
95% CI 0.92–1.05; P=0.623) nor FFP transfusion (HR 0.97 for 
1 unit, 95% CI 0.90–1.05; P=0.460) had an impact on long-
term survival. The only significant variable was the num-
ber of tumors (HR 1.20, 95% CI 1.06–1.36; P=0.004). For the 
long-term survival, the ROC threshold for transfusion of the 
PRBC was set at 4 units (AUC=0.595, 95% CI 0.48–0.71). Five-
year survival of patients who were transfused with 4 or more 
units and less than 4 units were 72.9% and 81.7%, respec-
tively (P=0.082). For FFP transfusion, the ROC threshold was 
set at 8 units (AUC=0.618, 95% CI 0.524–0.712), and no dif-
ference in long-term survival was observed between groups 
(72.6% vs. 82.1%; P=0.152). Both PRBCs (OR 1.48 for 1 unit, 
95% CI 1.12–1.95; P=0.005) and FFP transfusion (OR 0.74 for 
1 unit, 95% CI 0.55–0.98; P=0.036) influenced 90-day mortal-
ity. However, plasma transfusion was associated with a lower 

risk. The analysis of ROC curves revealed that transfusion of 
at least 7 units of PBRCs was a sufficient predictor of 90-day 
mortality (AUC=0.801, 95% CI 0.70–0.90, Figure 1). Early mor-
tality among patients who had received transfusion of at least 
7 units of PBRCs was 22.0%, while mortality among patients 
who received less than 7 units was 2.9% (P<0.001). The ROC 
threshold for FFP transfusion in this group was similarly set at 
7 units (AUC=0.686, 95% CI 0.538–0.834), but early mortality 
did not differ between patients with higher (10.5%) and low-
er (2.8%) transfusion (P=0.290).

In groups of patients stratified by the fulfilment of Milan crite-
ria, we observed no negative impact of transfusions on overall 
survival and recurrence-free survival. This effect was not dem-
onstrated for either PRBCs or FFP (Tables 4, 5).

Discussion

Based on the data presented, blood product transfusions did 
not have a significant impact on recurrence-free survival in 
patients with HCC undergoing liver transplantation. This lack 
of significance did not change with further analysis based on 
whether or not patients met the eligibility criteria (i.e., Milan, 
UCSF, and Up-to-7). Zhou et al. [19] found similar results in 
a cohort of patients treated by liver resection. In that study, 
blood transfusion negatively affected overall survival but had 
no impact on recurrence, mirroring findings from other cen-
ters [20–22].

However, transfusion of PRBCs was an important factor wors-
ening the 5-year overall survival in our cohort, which is in line 

  Multivariable HR (95% CI) p

lnAFP  1.34 (1.11–1.60) 0.002

Number of tumors  1.27 (1.11–1.46) <0.001

Size of the largest 
tumor

 1.74 (1.22–2.47) 0.002

G3  3.10 (1.21–7.97) 0.019

Table 3.  Multivariable analyses of factors related to recurrence-
free survival.

HR (Hazard Ratio) are presented for: increase of AFP by 1 natural 
logarithm, increase in tumor number by 1, increase in size of the 
largest tumor by 1 cm.
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Figure 1.  Number of transfused units of packed red blood cells 
in prediction of 90-day mortality.
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with results of previous studies [19,23–25]. Despite many re-
ports about the adverse effects of blood transfusions in patients 
treated for HCC, findings are not consistent. In an analysis of 
a group of patients treated by liver resection, Yang et al. [26] 
found no significant effect of blood transfusions on long-
term and recurrence-free survival. In addition, we did not ob-
serve that intraoperative transfusion of FFP had an adverse 
effect on overall survival. Similar results were obtained by 
Kaibori et al. [27] for a group of 410 patients undergoing liv-
er resection due to HCC.

It should be emphasized that analyses of the influence of blood 
transfusions in patients with HCC are dominated by individuals 
who are undergoing liver resection [23,25,26,28]. Data on pa-
tients treated with liver transplantation are scarce. Liu et al. [29] 
showed that intraoperative blood loss, rather than intraoper-
ative transfusion of PBRCs, was an important risk factor for a 
cancer recurrence after liver transplantation. In another study 
from the same center, an analogous relationship was demon-
strated for intraoperative blood loss and overall survival [30]. 
Because of the equivocal reports about the significance of in-
traoperative transfusions on long-term outcomes, we analyzed 
the patients who died in the early posttransplant period (up to 
90 days) and those who survived beyond this point separately. 
The analyses did not confirm adverse effects of PBRC and FFP 
transfusions on long-term survival. The only significant factor 
was the number of tumors. Next to tumor size, the number 

of tumors is considered to be one of the main factors deter-
mining long-term survival. These 2 parameters are the main 
components of most current eligibility criteria for liver trans-
plantation in patients with HCC. Therefore, the adverse effect 
of the number of tumors on the prognosis is not surprising 
and confirms the observation of other centers [9,10,31–34].

Data from the National Program for the Improvement of Quality 
in Surgery showed that intraoperative transfusion of even 1 
unit of blood significantly increased the risk of both 30-day 
mortality and postoperative complications [35]. Subsequent 
analysis of 500 000 patients from this registry showed that 
intraoperative blood transfusion was a significant risk factor 
for perioperative systemic inflammatory response syndrome, 
which increased mortality over 13-fold (13.5% vs. 1.0%) [36]. 
The above data are in line with the results of the current study, 
which showed a significant negative relationship between PRBC 
transfusion and 90-day mortality after liver transplantation.

Excessive blood loss and hemostatic disorders are phenome-
na that often occur during liver transplantation. In particular, 
their dynamics resemble massive traumatic hemorrhage [37]. 
In a group of patients with massive traumatic hemorrhage, 
dynamic use of blood products (RPBCs, FFP, and platelets 
at a ratio of 1: 1: 1) led to a significant reduction in mortali-
ty through rapid correction of coagulopathy [38]. In our cen-
ter, an aggressive strategy of supplementing FFP during liver 

 Packed red blood cells Fresh frozen plasma

Univariable HR (95% CI) p Univariable HR (95% CI) p

Within Milan  1.00 (0.85–1.17) 0.958  1.04 (0.90–1.19) 0.605

Beyond Milan  1.00 (0.94–1.07) 0.937  0.98 (0.90–1.08) 0.702

Within Up-to-7  1.01 (0.87–1.16) 0.922  1.01 (0.88–1.16) 0.853

Beyond Up-to-7  0.98 (0.91–1.06) 0.697  0.97 (0.89–1.07) 0.570

Within UCSF  1.00 (0.86–1.15) 0.965  1.01 (0.88–1.16) 0.866

Beyond UCSF  1.00 (0.93–1.07) 0.968  0.98 (0.89–1.08) 0.672

Table 4. Impact of transfusions on overall survival based on certain transplant criteria.

 Packed red blood cells Fresh frozen plasma

Univariable HR (95% CI) p Univariable HR (95% CI) p

Within Milan  1.01 (0.84–1.22) 0.878  0.94 (0.76–1.16) 0.554

Beyond Milan  0.98 (0.90–1.06) 0.590  0.94 (0.84–1.05) 0.270

Within Up-to-7  0.99 (0.84–1.17) 0.933  0.91 (0.77–1.09) 0.310

Beyond Up-to-7  0.96 (0.87–1.05) 0.361  0.93 (0.83–1.05) 0.236

Within UCSF  0.99 (0.84–1.16) 0.673  0.92 (0.78–1.09) 0.355

Beyond UCSF  0.98 (0.90–1.06) 0.584  0.93 (0.82–1.07) 0.311

Table 5. Impact of transfusions on recurrence-free survival based on certain transplant criteria.
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transplantation was used. The median number of PRBC and 
FFP units transfused intraoperatively was 3 and 6, respectively. 
This approach may explain the protective effect of FFP trans-
fusion on the early results of liver transplantation in our co-
hort. Another potential explanation is the beneficial effect of 
FFP on increasing the opsonic activity, which may reduce the 
risk of infection in the postoperative period [27].

Data from the literature show that the impact of transfusions 
is associated not only with their use, but is also directly pro-
portional to the number of transfused units [35]. Thus, we con-
ducted a separate analysis to explore the potential influence 
of this variable. In the prediction of early deaths, the transfu-
sion of at least 7 units of PRBCs had a sensitivity of 64.3% and 
a specificity of 83.8% (ROC=.801). This finding was confirmed 
by differences in postoperative mortality, which was as high as 
22% among patients who had received 7 or more units com-
pared with 2.9% mortality among patients who received fewer 
units. Considering the median number of units of PBRCs trans-
fused in our group, which was 3, the relationship seems nat-
ural, especially given that even 1 intraoperatively transfused 
unit increases the risk of postoperative death [35]. However, 
in some studies only the transfusion of more than 28 units of 
PRBC correlated well with an increase in mortality [39]. Based 
on the tendency to gradually reduce transfusion rates during 
liver transplantation, that value should be considered to be 
extremely high. The threshold of 7 units that we set appears 
to have more practical value, but it should be noted that the 
number could vary between centers.

The analysis of Kaplan-Meier curves also provided an inter-
esting observation. Despite no effect of PRBC transfusion on 
the long-term survival of patients in multivariable analyses, 
the comparison of survival curves of patients from high- and 
low-risk groups revealed a statistical tendency toward worse 
5-year long-term survival in patients with more than 4 units 
transfused. Massicotte et al. [40] showed that 1-year surviv-
al after liver transplantation was significantly worse if more 
than 4 units of PRBCs were transfused, with a decrease from 
86.6% to 62.5%. Ramos et al. [41] reported similar conclu-
sions from their study cohort, with intraoperative transfusion 
of 6 units of PRBCs reducing the 3-year survival from 82% 

to 58%. Therefore, massive intraoperative blood transfusion 
should be considered to have a potentially unfavorable effect 
on long-term survival in patients undergoing liver transplan-
tation due to HCC.

Owing to its retrospective nature, the present study is subject 
to certain limitations. Because no clear thresholds for intraop-
erative blood product transfusions have been established, we 
were not able to exclude the importance of, for example, dif-
ferences in management between anesthetic teams that could 
affect the number of transfused units during liver transplanta-
tion. However, our results were not affected by this factor be-
cause we analyzed the transfusions themselves not the specific 
reasons behind them. Moreover, any future prospective ran-
domized trial is highly unlikely for ethical reasons. Therefore, 
we suggest that intraoperative transfusion be viewed as a pa-
rameter reflecting the difficulty of a procedure and indirect-
ly as the amount of blood loss. However, given the biological 
activity of blood products, a causal relationship of transfusion 
with effects is possible.

Conclusions

The analyses performed in the current study did not con-
firm that intraoperative transfusion of blood products signif-
icantly increases the risk of HCC recurrence in patients treat-
ed with liver transplantation. An effect on long-term survival 
was also not demonstrated, although it cannot be ruled out 
for patients requiring massive transfusion during the proce-
dure. Intraoperative PRBC transfusion and the associated in-
creased risk of early mortality likely reflect the magnitude of 
the surgery and the degree of blood loss, although a direct 
relationship between transfusion and an increased risk of 90-
day mortality is also possible. Adequate supplementation of 
FFP during liver transplantation is associated with a lower risk 
of perioperative mortality.
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