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ABSTRACT

Introduction: Improvements in anesthesiological and surgical techniques have lead to a decrease in 

the use of blood products during orthotopic liver transplantation (OLT). Nowadays several centers 

describe series of patients who were transplanted without intraoperative blood transfusion. Blood 

transfusion is generally considered to be harmful, although in kidney transplantation early reports 

have suggested a protective effect of RBC transfusion on the incidence of rejection after kidney 

transplantation. Aim of our study was to determine whether RBC transfusion has a protective effect 

against rejection in OLT.

Patients and Methods: Between 1995 and 2004, 292 primary  liver transplantations in adults  were 

performed. Specific reason to select this decade is that at that time it was our policy to perform a 

routine liver biopsy within 2 weeks after OLT, if the clinical condition would allow this. This policy 

was abandoned after 2004. All patients who underwent a biopsy within 2 weeks were included. 

Patients who died or were retransplanted <7 days after OLT were excluded. Recipient and donor 

parameters and intraoperative transfusion requirements were available in a prospectively collected 

database. Uni- and multivariate analysis was performed to determine the risk factors for histological 

graft rejection. 

Results:  In total, 197 patients had a biopsy within 2 weeks after OLT. Median age was 49 years, 57% 

of recipients was male, median MELD score was 16. Fifty-nine (30%) patients did not receive any 

RBC transfusion during OLT. Sixty (31%) patients had no signs of acute rejection in the biopsy. After 

uni-and multivariate analysis the following variables were found to be independently associated 

with reduced risk of acute rejection (any Banff grade): RBC transfusion intraoperative (OR 2.811, 95% 

CI 1.258-6.280, P value =0.012), and induction immunosuppression (OR 2.061, 95% CI 1.085-3.915, 

P value =0.027)

Conclusion: This study shows that there is an increased risk of developing acute rejection after OLT 

when patients do not receive any RBC transfusion during OLT.  
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INTRODUCTION

Until the mid 1980s liver transplantation was a procedure with high morbidity and mortality, 

frequently related to high blood loss and transfusion requirements.1,2 Over the years anesthesiological 

and surgical techniques in liver transplantation have improved, and it became possible to perform 

liver transplantation without transfusion of blood products.3 Nowadays several centers describe 

series of patients who were transplanted without intraoperative blood transfusion.3-6 Transfusion 

of blood products in liver transplantation is generally considered to be harmful,7-10 which is 

thought to be related to the immunosuppressive effect of blood transfusions.11 Early reports in 

kidney transplantation have suggested a protective effect of RBC transfusion on the incidence of 

rejection.12-15 Aim of our study was to determine whether RBC transfusion in liver transplantation 

has a protective effect against rejection in liver transplantation.

PATIENTS AND METHODS

Study population

Between the first of January 1995 and the 31st of December 2004, 574 patients underwent a OLT 

at our center. After exclusion of retransplantations (n=151), pediatric OLTs (n=116), and combined 

organ transplantations (n=15), 292 adult patients undergoing a primary transplant were identified 

as the cohort of our current study. Specific reason to select this era was that during this decade it 

was our policy to perform a routine liver biopsy within 2 weeks after transplantation. After 2004 this 

policy was abandoned, because of risk of complications combined with the reduced clinical impact 

of the results of these biopsies. Biopsy is from then onward only performed “on indication”. Patients 

who died within one week after transplant or who underwent a retransplantation within one week 

were excluded. Patients who had a biopsy within 2 weeks after OLT were included and patients 

without a routine biopsy were separately analyzed.(Figure 1) To rule out selection bias, baseline 

characteristics between the routine biopsy group were compared to the whole group of patients.

Follow-up was complete until the 31st of December 2012. Patient characteristics, including donor 

and recipient variables, as well as intraoperative transfusion requirements and biopsy results 

were obtained from a prospectively maintained computer database. Preoperative transfusion 

requirements (<3 months before transplantation) and postoperative transfusion requirements (<1 

week after transplantation) were collected retrospectively. The original patient notes were reviewed 

in case of missing information. According to the national legislation in the Netherlands, this type of 

retrospective analysis is allowed without individual consent of patients.

Blood transfusion policy

As has been described previously, the transfusion policy in our center is characterized by a restrictive 

use of blood products.3,9 RBC transfusion were leucocyte-reduced from the first of January 2002 

onward. Surgical techniques, anesthetic management and general blood transfusion policy in our 

center were extensively described previously.9 
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Immunosuppressive management 

After transplantation two types of immunosuppressive schemes were used. The standard scheme 

was tacrolimus with small-dose prednisolone. Patients with autoimmune diseases (autoimmune 

hepatitis, primary biliary cirrhosis, and primary sclerosing cholangitis) were treated with triple 

therapy, consisting of cyclosporine A, azathioprine and small-dose prednisolone. Mycophenolate 

mofetil was added and calcineurin inhibitors were withheld in patients with a compromised kidney 

function, until creatinine clearance was more than 50mL/min, and induction therapy was started. 

Until 1997 induction therapy consisted of one-week cyclophosphamide, after 1997 of basiliximab 

in two doses of 20 mg/day, with an interval of 4 days. Our current immunosuppressive scheme has 

not changed apart from the fact that induction therapy with basiliximab is now given to all patients. 

Biopsy-proven rejection was treated with methylprednisolone on three consecutive days. Treatment 

was converted to tacrolimus in patients with cyclosporine A or by five doses of antithymocyte 

globuline (ATG) on alternative days when rejection was steroid-resistant.

Rejection analysis

One dedicated liver pathologist reviewed all biopsies and grading was done according to the Banff 

grading system.16 Acute graft rejection was divided in 4 grades (indeterminate, mild, moderate, 

severe) versus no rejection.(Table 1)

Figure 1 Consort table patient inclusion.
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Risk factors and outcome variables

Primary endpoint of this study was to analyze the effect of RBC transfusion on the incidence of 

acute rejection after liver transplantation. General risk factors for rejection were selected based on 

a review of the literature. The following recipient-related variables were included: age, sex, era of 

transplantation, body mass index, indication for transplantation, preoperative CTP score and MELD 

score, postoperative immunosuppressive drug scheme (cyclosporine versus tacrolimus-based, 

and induction therapy versus no induction therapy). Donor-related variables included age, sex, 

type of donor (deceased brain-death versus donation after cardiac death), and graft type (full size 

versus partial grafts). In addition, the following surgical variables were studied: blood loss, surgical 

technique (conventional versus piggyback), operating time, and cold and warm ischemia time. With 

respect to intraoperative blood component transfusion requirement, the following variables were 

analyzed: the number of units of allogeneic and RBC, units of FFP, and units of platelets concentrates 

(one unit was obtained from five donors). With respect to a possible immunosuppressive effect of 

transfusions, blood products were also categorized in zero transfusion versus any transfusion.

Graft survival was defined as the timeframe between transplantation and the end of follow-up 

or graft loss by patient death or by graft failure requiring retransplantation. Patient survival was 

defined as the timeframe between transplantation and the end of follow-up.

Statistical analysis

Uni- and multivariate analysis was performed to determine the risk factors for histological graft 

rejection. Missing data were treated according to a listwise deletion approach. Categorical variables 

were expressed as number and percentage. Continuous variables were expressed as median and 

interquartile range (IQR).  Comparisons of categorical variables were performed with the use of 

Fisher’s exact test or Pearson chi-square test. For comparison of continuous variables we used the 

Mann-Whitney U test. All statistical tests were performed two-tailed. 

Univariate tested variables with a P value <0.10 were included in a multivariate logistic regression 

analysis. A P value =<0.05 was considered to indicate statistical significance. One-, 5-, and 10-year 

patient and graft survival rates were analyzed according to the Kaplan-Meier method and differences 

Table 1: Grading acute cellular rejection in liver transplantation

Grade

No rejection 0

Indeterminate 0-I
Portal inflammatory infiltrate that fails to meet the criteria for the diagnosis of acute 
rejection

Mild rejection I
Rejection infiltrate in a minority of the triads, that is generally mild, and confined 
with portal spaces

Moderate rejection II Rejection infiltrate, expanding most or all of the triads

Severe rejection III
As above for moderate, with spillover into periportal areas and moderate to 
severe perivenular inflammation that extends into the hepatic parenchym and is 
associated with perivenular hepatocyte necrosis
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between groups were investigated using the log-rank test. Statistical analyses were performed with 

the use of PASW Statistics Software, version 20.0 (SPSS, Chicago, IL).

RESULTS

Study population

To analyze the risk factors for rejection, 16 patients from the cohort of 292 OLT recipients were 

excluded.(Figure 1) Eleven patients died within 7 days after transplantation, and 5 underwent a 

retransplantation within 7 days after OLT. Of the 276 evaluable patients 79 patients did not get 

a routine biopsy for several clinical reasons (32 patients because of disturbed coagulation tests 

or thrombocytopenia, in 27 patients biopsy was contraindicated because of their poor clinical 

condition, and in 20 patient the reason not to biopsy was unknown). In total, 197 patients had a 

biopsy within 2 weeks after OLT.

Recipient characteristics

The median age of this group of recipients was 49 years old, and 57% (n=113) of recipients were 

male. In total, 60 patients (31%) had no signs of rejection in the biopsy. (Table 2) When compared 

to the group of 79 patients without a routine biopsy, baseline characteristics did differ between 

the two groups. Patients who did not get a routine biopsy were more often operated in the era 

1994-1999, had more classical implantations, had longer cold ischemia times, and had a higher 

RBC and FFP transfusion rate. This probably represents a clinically sicker group of patients with 

contraindications for routine biopsy.

Patient and graft survival rates were calculated for the cohort of 276 patients. Patient survival at 1-, 

5- and 10-year was 88%, 79% and 71%, respectively. One-, 5-, and 10-year graft survival was 83%, 

70%, and 59% respectively. 

Transfusion of blood products

There was no need for intraoperative RBC transfusion in 59 (30%) patients, and FFP transfusion 

in 73 (37%) patients in the routine biopsy group.(Table 3) Preoperatively (within 3 months before 

transplantation) only 21 (11%) patients received RBC transfusion and 21 (11%) received FFP 

transfusion. Postoperatively (within 1 week after transplantation) 109 (55%) patients received RBC 

transfusion and 56 (29%) received FFP transfusion. 

Uni- and multivariate analysis of variables associated with acute cellular rejection

Continuous variables associated with an increased incidence of any grade of acute cellular rejection 

after liver transplantation in the univariate analysis were: Intraoperative RBC transfusion, total RBC 

transfusion, intraoperative FFP transfusion, total FFP transfusion and blood loss.(Table 4) Categorical 

variables associated with rejection were: Induction immunosuppression, any RBC transfusion 

(pre-intra and postoperative), any FFP transfusion (pre-intra and postoperative), RBC transfusion 
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Table 2 Recipient, Surgical, and Donor Variables 

Recipient variables Routine biopsy (n = 197)

Age (years) 49 (38-56)

BMI (kg/m2) 24 (22-26)

MELD score (lab-MELD) 16 (12-22)

Gender
Male
Female

113 (57%)
84 (43%)

Indication for transplantation
Postnecrotic cirrhosis
Biliary cirrhosis
Acute liver failure
Metabolic
Miscellaneous

109 (55%)
56 (28%)
14 (7%)
9 (5%)
9 (5%)

Immunosuppression 
Tacrolimus based
Cyclosporin based
Other

83 (42%)
105 (53%)
9 (4.6%)

Induction Immunosuppression 
Induction therapy (endoxan, or simulect)
No induction therapy

102 (52%)
95 (48%)

Era (filtered RBC from 2002)
1995-2001
2002-2004

137 (70%)
60 (30%)

Rejection (max grade acc. to Banff biopsies <14 days)
No rejection
Gr 0-I
Gr I
Gr II
Gr III

60 (31%)
13 (7%)
63 (32%)
42 (21%)
18 (9%)

Surgical variables

CIT (hr:min) a 8:54 (7:19-10:49)

WIT(min)  b 51 (44-62)

Estimated total blood loss (l) 3.7 (1.8-7.1)

Caval Vein Anastomosis
Classical
Piggyback

63 (32%)
134 (68%)

Donor variables

Age (years) 45 (35-54)

Gender
Male
Female

96 (49%)
101 (51%)

Type of donor liver
DBD
DCD

194 (99%)
3 (1%)

Graft size
Full size
Reduced size or split

192 (98%)
5 (2%)

Data represent median with interquartile ranges (IQR) for continuous variables or numbers (percentages) for categorical 
variables.
Abbreviations used; BMI: body mass index, CIT: cold ischemia time, DBD: donation after brain death, DCD: donation after 
circulatory death, WIT: warm ischemia time.
a) Time from in situ flushing of the donor organ until the liver is removed from ice for implantation.
b) Time from removal of liver from ice until reperfusion via portal vein, hepatic artery or both.
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Table 3: Transfusion data

Recipient variables Routine biopsy
 (n = 197)

Estimated total blood loss (l) 3.7 (1.8-7.1)

Preop RBC transfusion (units) 0 (0-0)

Intraop RBC transfusion (units) 3.3 (0-7.5)

Postop RBC transfusion (units) 1.0 (0-2.0)

Preop FFP transfusion (units) 0 (0-0)

Intraop FFP transfusion (units) 3.6 (0-9.9)

Postop FFP transfusion (units) 0 (0-1.0)

Preop PLT transfusion (units) 0 (0-0)

Intraop PLT transfusion (units) 0 (0-1)

Postop PLT transfusion (units) 0 (0-1)

Intraop RBC transfusion
Yes
No

138 (70%)
59 (30%)

Intraop FFP transfusion
Yes
No

122 (63%)
73 (37%)

RBC transfusion (pre, intra & postoperative)
Yes
No

165 (84%)
32 (16%)

Any transfusion (pre, intra & postoperative)
Yes
No

170 (86%)
27 (14%)

Data represent median with interquartile ranges (IQR) for continuous variables or numbers (percentages) for categorical 
variables.
Abbreviations used: FFP: fresh frozen plasma, MELD: model of end-stage liver disease, PLT: platelets, RBC: red blood cells.

intraoperative and FFP transfusion intraoperative. 

Multivariate analysis for reduced risk of acute rejection revealed the following independent 

variables: intraoperative RBC transfusion (OR 2.811, 95% CI 1.258-6.280, P value =0.012) and 

induction immunosuppression (OR 2.061, 95% CI 1.085-3.915, P value =0.027).(Table 5) We could 

not show a dose-dependent correlation between intraoperative RBC transfusion and rejection in 

the multivariate analysis.
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Table 4: Univariate analysis risk factors rejection 2 weeks biopsy

P value No rejection (n=60) Rejection (n=136)

Contin. Variables  

Age (yrs) 0.217 50 (41-56) 48 (35-56)

MELD-score 0.553 17 (12-23) 16 (12-21)

CIT (hrs) 0.172 9:33 (7:22-11:24) 8:41 (7:17-10:32)

WIT (hrs) 0.144 56 (44-63) 50 (43-60)

Donorage (yrs) 0.883 45 (29-56) 46 (37-53)

Blood loss (L) 0.004 5.7 (2.5-10.8) 3.5 (1.4-6.8)

Intraop RBC (u) 0.001 5.8 (2.5-8.3) 2.5 (0-6.7)

Total RBC (u) 0.001 7.5 (4.1-11.6) 4.1 (1.2-9.3)

Intraop FFP (u) 0.007 5.4 (1.8-11.7) 1.8 (0-9.0)

Total FFP (u) 0.005 7.4 (2.8-15.4) 3.6 (0-10.0)

Intraop PLT (u) 0.361 0 (0-1.0) 0 (0-1.0)

Total PLT (u) 0.263 0 (0-2.0) 0 (0-1.0)

Operating time (in hrs including 
anesthesiology)

0.888 9:30 (8:15-11:29) 9:25 (8:00-11:12)

Categ. Variables

Gender 
Male 
Female                                                   

1.000
35 (58%)
25 (42%) 

78 (57%)
58 (43%)

MELD 
< 18
> 18

0.419
31 (54%)
26 (46%)

81 (62%)
50 (38%)

Indication
Postnecrotic Cirrhosis
Biliary Cirrhosis
Acute liver failure
Metabolic
Miscellaneous

0.390
39 (65%)
12 (20%)
4 (7%)
2 (3%)
3 (5%)

69 (51%)
44 (32%)
10 (7%)
7 (5%)
6 (4%)

Piggyback 
Yes 
No

0.069
35 (58%)
25 (42%)

98 (72%)
38 (28%)

Era (filtered RBC from 2002)
1995-2001
2002-2004

0.403
39 (65%)
21 (35%)

97 (71%)
39 (29%)

Previous abdominal surgery
Yes
No

0.855
13 (29%)
47 (31%)

32 (23%)
104 (77%)

Immunosuppression (1)
Tacrolimus based
Cyclosporin based
Other

0.435
21 (35%)
36 (60%)
3 (5%)

61 (45%)
69 (51%)
6 (4%)

Induction Immunosuppression 
Induction (endoxan or
   simulect)
No induction

0.008
22 (37%)

38 (63%)

79 (58%)

57 (42%)

Any RBC transfusion a

Yes
No

0.003
57 (95%)
3 (5%)

107 (79%)
29 (21%)
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Table 5:  Multivariate analyses for reduced risk of rejection (any grade)

Odds Ratio 95% CI P value

Intraoperative RBC (categ) 2.811 1.258-6.280 0.012

Induction Immunosuppression (categ) 2.061 1.085-3.915 0.027

Abbreviations used; categ: categorical variable

Any FFP transfusion a

Yes
No

0.013
48 (81%)
11 (19%)

83 (62%)
52 (38%)

RBC preop
Yes
No

0.775
7 (12%)
53 (88%)

14 (10%)
122 (90%)

FFP preop
Yes
No

0.474
5/60 (8%)
55/60 (92%)

16/136 (12%)
130/136 (88%)

RBC intraop
Yes
No

0.004
51 (85%)
9 (15%)

87 (64%)
49 (36%)

FFP intraop
Yes
No

0.006
46 (78%)
13 (22%)

75 (56%)
60 (44%)

RBC postop
Yes
No

0.770
34 (57%)
26 (43%)

74 (54%)
62 (46%)

FFP postop
Yes
No

0.196
21 (35%)
39 (65%)

35 (26%)
100 (74%)

CIT b

<10 hours
≥10 hours

0.037
32 (53%)
28 (47%)

94 (69%)
42 (31%)

WIT c

<40 min
≥40 min

0.416
8 (22%)
52 (78%)

25 (19%)
110 (81%)

Antifibrinolytic use
Yes
No

0.497
17 (33%)
35 (67%)

50 (39%)
77 (61%)

Data represent median with interquartile ranges (IQR) for continuous variables or numbers (percentages) for categorical 
variables.
Abbreviations used; CIT: cold ischemia time, DBD: donation after brain death, DCD: donation after circulatory death, FFP: fresh 
frozen plasma, MELD: model of end-stage liver disease, PLT: platelets RBC: red blood cells, WIT: warm ischemia time.  
a) Any transfusion preoperative (within 3 months before OLT), intraoperative and postoperative (until 1 week post OLT)
b) Time from in situ flushing of the donor organ until the liver is removed from ice for implantation.
c) Time from removal of liver from ice until reperfusion via portal vein, hepatic artery or both
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DISCUSSION

In kidney transplantation protective effects against acute rejection by preoperative RBC transfusion 

have been described.12-15 In the field of OLT it has been difficult to analyze the effect of transfusion on 

acute rejection by the simple fact that in previous decades all patients received RBC transfusion.1-3 

Over the years anesthesiological and surgical improvements have made it possible to perform 

OLT without transfusion of blood products.3-6 Since the late nineties OLT without RBC transfusion 

was described.6 Previously we have reported 31% of adult primary OLT patients without any RBC 

transfusion in the era 1997-2004.9 During this era it was our policy to perform routine liver biopsies 

focusing on rejection in all patients, unless there were contraindications. This available data has 

made it possible to show that there is an increased risk of acute rejection after OLT in patients 

without intraoperative RBC transfusion.

Our results are in line with previous reports on the immunosuppressive effect of blood transfusion 

in kidney, heart, and lung transplantation.17,18 The reduced rate of rejection associated with blood 

transfusion appears more prominent in those patients that received blood transfusions prior 

to transplantation, suggesting a preoperative development of ‘immune accomodation’ in these 

patients. Here we demonstrate that absence of intraoperative RBC transfusion was associated with 

an allmost 3-fold increased risk for rejection at 2 weeks in multivariable analysis. We could not show 

any protective effect of preoperative RBC transfusion on the incidence of acute rejection. Although 

this does not fully exclude an immunosuppressive effect of blood transfusions administered 

more than 3 months prior to transplantation, our data favour the notion that intraoperative RBC 

transfusion is associated with clinically relevant immunomodulatory effects, even in the presence 

of adequate post-operative immunosuppression. A recent study showed more modest effects of 

RBC transfusion on rejection of liver grafts, but importantly the mean RBC transfusion requirements 

were substantially (~3-fold) higher in that study, and it is unclear from the published data whether 

RBC-free transplants were present in that cohort.19

The immunomodulatory effects of blood transfusion are widely accepted and in the 1970s is 

was standard policy in many centers to deliberately expose patients on the renal transplant list 

to RBC transfusions with the aim to exploit the immunosuppressive effect of RBCs.20 Transfusion-

related immunomodulation (TRIM) also has established deleterious effects including an increased 

recurrence rate of resected malignancies and an increased incidence of post-operative bacterial 

infections. Although the mechanisms underlying TRIM have not been fully elucidated, a major 

role for the pathogenesis is ascribed to leukocytes. Nevertheless, clinical studies on the effect of 

leukoreduction on the detrimental effects of TRIM have been inconclusive. In our study, we could 

not show a change in the incidence of acute rejection after introduction of leukofiltration from the 

first of January 2002. 

The beneficial effect of RBC transfusion during OLT is offset by significant undesired side effects of 

RBC (and other blood product) transfusion. We and others have previously demonstrated that blood 

product transfusion during OLT is dose-dependently associated with morbidity and mortality.8,9 As 
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management of rejection after OLT is relatively easy, and as early clinical or subclinical rejection 

has no long-term adverse effects,21 we remain in favor of a restrictive transfusion policy during OLT 

as the benefits of RBC transfusion do not outweigh its detrimental effects. It will be of importance 

to be aware of an elevated risk of rejection in those patients that receive little or no intraoperative 

RBC transfusion. Those patients may require more intensive monitoring or a more aggressive initial 

immunosuppressive regimen.

In conclusion, the choice of immunosuppressive regimen and the presence or absence of 

intraoperative RBC transfusion are independent predictors of early rejection after OLT. The beneficial 

immunosuppressive effect of RBC transfusion, however, does not outweigh its detrimental effect.
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