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Abstract

Background: The use of extended criteria donor (ECD) grafts may reduce waiting 
list mortality in orthotopic liver transplantation (OLT). ECD livers, however, are 
associated with increased risk of graft failure and recipient morbidity. Aim of this 
study was to determine whether ECD liver grafts are associated with increased 
blood loss and transfusion requirements after graft reperfusion. 

Methods: A consecutive series of 318 primary adult liver transplant recipients 
was analyzed. Recipient, donor, and intraoperative transfusion requirements 
were available in a prospectively collected database. Donor risk index (DRI) 
was calculated retrospectively. An ECD graft was defined as DRI ≥ 1.7. Graft and 
patient survival were calculated according to the Kaplan-Meier method. Uni- and 
multivariate analyses were performed to determine risk factors for postreperfusion 
red blood cell (RBC) transfusion.

Results: ECD livers were used in 36% of recipients. Graft survival rate at 1 and 
5 years was 83% and 71%, respectively. Patient survival rate at 1 and 5 years was 
88% and 80%, respectively. Completely blood transfusion-free transplants were 
performed in 27% of patients. After uni- and multivariate analysis the following 
variables were found to be independently associated with postreperfusion RBC 
transfusion requirements: DRI ≥ 1.7, female recipient, recipient age, and no 
aprotinin administration. 

Conclusion: The use of ECD grafts, defined as a DRI ≥ 1.7, is associated with 
significantly increased intraoperative RBC transfusion requirements after graft 
reperfusion. This information can help surgeons and anesthesiologist to be 
more prepared for increased blood loss when an ECD donor liver is accepted for 
transplantation.
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Introduction

Orthotopic liver transplantation (OLT) is a successful treatment for patients with 
end-stage liver failure caused by acute liver failure, chronic liver diseases or 
several metabolic disorders (1-3). Although more OLTs were performed in the last 
decade, the imbalance between available donor livers and candidates for OLT is 
still growing with an increased mortality rate on the waiting list as consequence 
(4). Expanding the donor pool by accepting extended criteria donor (ECD) grafts is 
a way to reduce waitlist mortality (5,6). Several studies have shown that selective 
use of ECD livers can result in acceptable survival rates after transplantation 
(5-9). Nevertheless, ECD livers are clearly associated with higher postoperative 
morbidity such as higher incidence of primary non-function (PNF) and initial 
poor function (IPF) (10-13). One study describes a cumulative effect of ECD criteria 
on the severity of preservation and ischemia/reperfusion (I/R) injury after liver 
transplantation (14). Furthermore, I/R injury may lead to an increased release of 
fibrinolytic proteins from the donor liver, potentially causing bleeding problems 
after graft reperfusion (15,16). We hypothesized that ECD liver grafts in general are 
associated with increased intraoperative bleeding complications after reperfusion 
of the graft. The aim of the current study was to determine the impact of ECD 
criteria of liver grafts on intraoperative blood transfusion requirements during 
OLT, especially after graft reperfusion.

Methods

Study Population
Between the first of January 2000, and the 31st of December 2010, 572 patients 
underwent an OLT at the University Medical Center of Groningen. After excluding 
pediatric recipients (age < 18 yr; n = 171), retransplantations (n = 79), and combined 
organ transplantations (n = 8), 318 adult patients undergoing a first transplant 
were identified and these patients were included in the current study. Follow-
up was complete until the 31st of December 2011. Characteristics of the patients, 
including donor and recipient variables, as well data on blood loss and transfusion 
requirements in the three separate stages of the OLT procedure (pre-anhepatic, 
anhepatic and postreperfusion) were obtained from a prospectively maintained 
computer database. When necessary, the original patient notes were reviewed for 
missing information. The maximum percentage of missing data per variable was 
9.7%. Medical ethical committee approval to perform this retrospective study was 
waived. All data were analyzed anonymously; no written informed consent was 
necessary for this type of research. 
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Surgical Technique and Anesthetic Management
Surgical techniques, anesthetic management and blood transfusion policy in our 
center were extensively described previously (17). Before 2007, aprotinin was 
administered in all patients, except patients with known thrombophilia, who 
showed hypercoagulability on thromboelastography at induction of anesthesia. 
Obviously, when aprotinin was taken of the market in 2007 we stopped using this 
antifibrinolytic drug. As has been described previously, the transfusion policy in 
our center is characterized by a restrictive use of blood products, maintaining 
hematocrit levels between 0.25 and 0.30 (2,17,18).

Data Collected for Statistical Analysis
ECD variables determined to be meaningful predictors of blood loss and transfusion 
requirements in the postreperfusion stage (stage 3) were selected after review of 
the literature and clinical experience. The following ECD variables were included: 
moderate graft macrovesicular steatosis (30-60%), type of donor (donation after 
brain death [DBD] versus donation after circulatory death [DCD]), cause of donor 
brain death (trauma versus cerebrovascular accident and other), graft type (full 
size versus partial grafts), donor intensive care unit (ICU) stay ≥ 7 days, donor 
age ≥ 60 years, and body mass index (BMI ≥ 28). The DRI (donor risk index) was 
calculated according to Feng et al. with minor adjustments (we considered all 
donors Caucasian and local) (19). To identify an ECD graft, we used a DRI cut-off 
point of 1.7, as was done in a recent study by Maluf et al. (20). In addition, the 
following recipient and procedure related variables were included in the analyses: 
age, gender, BMI, surgical technique (conventional versus piggyback), use of 
aprotinin, cold ischemia time (CIT) ≥ 10 hours, warm ischemia time (WIT) ≥ 40 
minutes, and type of preservation fluid (HTK versus UW). The MELD score was 
based on laboratory tests alone, disregarding extra points for standard or non-
standard exceptions. With respect to intraoperative transfusion requirements, the 
following variables were analyzed in the three separate stages of the operation; the 
number of units of allogeneic red blood cells (RBC; 1 U contained approximately 
250 mL), units of fresh frozen plasma (FFP; 1 U contained approximately 300 mL), 
and units of platelets concentrates (PLT; 1 U contained approximately 150 mL and 
was obtained from five donors). In addition to this, we analyzed the differences 
between transfusion in stages 1&2 versus stage 3 (postreperfusion stage).

Selection of Statistical Models
Aim of this study was to analyze the effect of ECD variables on postreperfusion 
RBC transfusion. Therefore, patients were stratified according to a relatively high 
RBC transfusion rate in the postreperfusion stage, compared to the prereperfusion 
stages, representing patients who were relatively stable until implantation of the 
graft. We decided to compare the group of patients who required at least twice the 
amount of RBC transfused in the postreperfusion stage (stage 3) compared to the 
prereperfusion stages (stage 1&2), with a minimal amount of 1 RBC unit in stage 
3 to the patients that did not fulfil these criteria. The reason to choose a double 
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amount instead of the same amount is to compensate for blood loss in stage 1&2 
that is corrected with RBC transfusion in stage 3. 

Secondary endpoints were impact of ECD variables, reflected by a DRI ≥ 1.7, on 
the incidence of primary non-function (PNF), initial poor function (IPF), and the 
need for relaparotomy. Graft and patient survival were assessed at 1 and 5 years 
after transplantation. Graft survival was defined as the time interval between 
transplantation and patient death or retransplantation. Patient survival was 
defined as the time interval between transplantation and patient death. PNF was 
defined as non-life-sustaining function of the liver, requiring a retransplantation 
or leading to death within 7 days after OLT. IPF was defined as serum AST > 2000 
U/L on any day between postoperative day 2–7 and a prothrombin time (PT) > 16 
seconds.

Statistical Analysis
To examine the impact of ECD variables on intraoperative blood loss after graft 
reperfusion (stage 3), transfusion requirements were correlated with donor, 
recipient, and procedure related factors using uni- and multivariate analysis. 
Missing data were treated according to list wise deletion approach. Continuous 
variables were expressed as median and interquartile range (IQR). Categorical 
variables were expressed as number and percentage. Comparisons of categorical 
variables between the two study groups 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. 

All variables tested in the univariate analysis with a p-value < 0.10 were included 
in a multivariate logistic regression analysis. A two-sided p-value < 0.05 was 
considered to indicate statistical significance. Patient and graft survival rates 
were analyzed according to the Kaplan-Meier method. Statistical analyses were 
performed with the use of SPSS Software, version 19.0 (SPSS Inc., Chicago, IL, 
USA).

Results

Recipient Characteristics
More than half of the recipients were male (58%), the median age was 53 years 
(Table 1). Median postoperative follow up was 6.3 years (range 3 months – 12 years). 
Patients who received a liver graft with a DRI ≥ 1.7 compared to DRI < 1.7, were 
older (55 versus 51, p-value 0.005), and were more often female (50% versus 36%, 
p-value 0.044) (Table 1). Four patients died during the transplantation procedure. 
PNF was seen in 14 patients (4%), of whom 11 patients were retransplanted within 
one week, and 3 patients died before retransplantation. The incidence of IPF was 
9.4% and a relaparotomy during the admission for OLT was necessary in 82 (26%) 
patients. There was no significant difference in the incidence of PNF, IPF and 
relaparotomy (Table 1). Patient survival rates at 1- and 5-year were 88% and 80%, 
respectively. One- and 5-year graft survival rates were 83% and 71%, respectively. 
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Table 1. Recipient, Surgical, and Donor Variables

Recipient variables (n = 318) Median (IQR) or n 
(percentage)

DRI < 1.7
(n = 199)

DRI ≥ 1.7
(n = 115)

p-value

Age (years) 53 (43-58) 51 (40-58) 55 (46-59) 0.005

BMI (kg/m2) 25 (23-28) 25 (22-27) 25 (23-28) 0.88

MELD score (lab-MELD) 15 (10-23) 15 (10-23) 14 (9-22) 0.33

Serum creatinine before OLT (μmol/L) a 89 (73-127) 87 (73-131) 91 (71-127) 0.99

Serum total bilirubin before OLT (μmol/L) b 51 (26-117) 52 (29-132) 46 (24-107) 0.27

INR before OLT 1.3 (1.2-1.7) 1.3 (1.2-1.7) 1.3 (1.2-1.7) 0.77

Time on waiting list (days) 203 (45-408) 216 (44-424) 194 (46-390) 0.76

Gender
Male
Female

186 (58%)
132 (42%)

124 (62%)
75 (38%)

58 (50%)
57 (50%)

0.044

Indication for transplantation
Fulminant hepatic failure
Non-cholestatic
Cholestatic
Metabolic
Malignant
Other

26 (8%)
134 (42%)
86 (27%)
37 (12%)
29 (9%)
6 (2%)

18 (9%)
85 (43%)
58 (29%)
23 (12%)
 12 (6%)
3 (2%)

8 (7%)
47 (41%)
28 (24%)
14 (12%)
15 (13%)
3 (3%)

0.34

Status on waiting list
Elective
High urgency

292 (92%)
26 (8%)

180 (90%)
19 (10%)

107 (93%)
8 (7%)

0.53

Donor variables (n = 318)

Age (years) 49 (40-57) 44 (34-53) 60 (48-64) <0.001

BMI (kg/m2) 25 (22-26) 24 (22-26) 25 (23-26) 0.14

Length of stay at the intensive care unit (days) 1 (1-3) 1 (1-4) 1 (1-2) 0.46

DRIc 1.6 (1.3-1.9) 1.4 (1.2-1.5) 2.0 (1.8-2.2) <0.001

Gender
Male
Female

163 (51%)
154 (49%)

111 (56%)
88 (44%)

49 (43%)
65 (57%)

0.034

Type of donor liver 
DBD
DCD

264 (83%)
54 (17%)

190 (95%)
9 (5%)

71 (62%)
44 (38%)

<0.001

Cause of donor death
Trauma
Cerebrovascular accident
Other

93 (29%)
203 (64%)

21 (7%)

 79 (40%)
108 (54%)

11 (6%)

14 (12%)
91 (79%)
10 (9%)

<0.001

Graft size
Full size
Reduced size or split

301 (95%)
17 (5%)

196 (98%)
3 (2%)

102 (89%)
 13 (11%)

<0.001

Macrovesicular steatosis 
Unknown
No
Steatosis < 30%
Steatosis 30-60%

23 (7%)     
175 (55%)
101 (32%)
 19  (6%)

13 (6%)
115 (58%)
61 (31%)
10 (5%)

9 (8%)
58 (50%)
39 (34%)

9 (8%)

0.29

Organ preservation fluid
HTK
UW

68 (22%)
236 (78%)

 30 (16%)
160 (84%)

36 (32%)
75 (68%)

<0.001

Surgical variables

CIT (hr:min) d 7:45
(6:52-9:17)

7:40
(6:47-9:16)

8:01
(7:05-9:34)

0.11

WIT (min)e 46 (40-53) 46 (40-54) 45 (39-50) 0.10

Estimated blood loss (L) stage 1&2 1.4 (0.7-3.0) 1.3 (0.6-3.0) 1.4 (0.7-2.9) 0.94

Estimated blood loss (L) stage 3 1.1 (0.6-2.5) 1.0 (0.6-2.2) 1.5 (0.6-3.0) 0.06

Estimated total blood loss (L) 3.0 (1.7-6.0) 2.5 (1.5-5.4) 3.1 (2.0-6.5) 0.06
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Table 1. Recipient, Surgical, and Donor Variables

Recipient variables (n = 318) Median (IQR) or n 
(percentage)

DRI < 1.7
(n = 199)

DRI ≥ 1.7
(n = 115)

p-value

Blood loss stage 3 
< 1.5 L
≥ 1.5 L

169 (58%)
123 (42%)

115 (64%)
65 (36%)

54 (50%)
55 (50%)

0.019

RBC transfusion stage 1&2 (U) 0 (0-4.0) 0 (0-4.0) 0 (0-4.0) 0.70

RBC transfusion stage 3 (U) 0 (0-3.0) 1.0 (0-7.0) 2.0 (0-4.0) 0.001

Total RBC transfusion (U) 3.0(0-8.0) 3.0 (0-7.0) 3 (0-9.0) 0.035

FFP transfusion stage 1&2 (U) 0 (0-2.0) 0 (0-2.0) 0 (0-2.0) 0.50

FFP transfusion stage 3 (U) 0 (0-2.0) 0 (0-1.0) 0 (0-3.2) 0.011

Total FFP transfusion (U) 0 (0-4.6) 0 (0-0) 0 (0-0) 0.14

PLT transfusion stage 1&2 (U) 0 (0-0) 0 (0-0) 0 (0-0) 0.64

PLT transfusion stage 3 (U) 0 (0-0) 0 (0-0) 0 (0-0) 0.11

Total PLT transfusion (U) 0 (0-0) 0 (0-0) 0 (0-1.0) 0.36

Aprotinin use
Yes
No  

110 (36%)
208 (64%)

73 (38%)
118 (62%)

37 (34%)
72 (66%)

0.53

Caval vein anastomosis
Classical
Piggyback

40 (13%)
278 (87%)

21 (11%)
178 (89%)

17 (15%)
98 (85%)

0.29

Outcome parameters

PNF
Yes
No

298 (94%)
20 (6%)

187 (94%)
18 (6%)

109 (95%)
11 (5%)

1.00

IPF
Yes
No

288 (91%)
30 (9%)

180 (91%)
18 (9%)

104 (90%)
11 (10%)

1.00

Relaparotomy
Yes
No

82 (26%)
236 (74%)

50 (25%)
149 (75%)

30 (26%)
85 (74%)

0.89

Data represent median with interquartile ranges (IQR) for continuous variables or numbers (percentages) for categorical variables.

Abbreviations used: BMI: body mass index, OLT: orthotopic liver transplantation, MELD: model of end-stage liver disease, INR: international 
normalized ratio, HTK: histidine-tryptophane-ketoglutarate, UW: University of Wisconsin, DCD: donation after circulatory death, DBD: donation 
after brain death, RBC: red blood cells, FFP: fresh frozen plasma, PLT: platelets, PNF: primary non-function, IPF: initial poor function, L: liters, 
U: units.

a) Normal < 110 μmol/L, to convert the value for creatinine to mg/dL, divide by 88.4.
b) Normal 0-17 μmol/L, to convert the value for bilirubin to mg/dL, divide by 17.1.
c) Donor Risk Index according to Feng et al. (Am J Transpl 2006; 6: 783). Because no data was available on region and race, all donors were 
considered as local and Caucasian.
d) Time from in situ flushing of the donor organ until the liver is removed from ice for implantation.
e) Time from removal of liver from ice until reperfusion via portal vein, hepatic artery or both.
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Table 2. Univariate Analysis for Relatively High Postreperfusion RBC Transfusion

Variable p-value No Higher RBC
(n = 222)

Higher RBC1

(n = 90)

Continue Variables  

Donor

DRI 0.029 1.5 (1.3-1.8) 1.7 (1.4-2.0)

Age (yrs) 0.19 48 (39-57) 48 (41-60)

ICU LOS (days) 0.40 1.0 (1.0-3.5) 1.0 (1.0-3.0)

BMI 0.83 24.2 (22.5-26.2) 24.2 (22.1-26.3)

Length (cm) 0.84 175 (168-180) 175 (168-180)

Weight (kg) 0.85 75 (65-85) 75 (65-85)

Recipient

CIT (hrs) 0.94 7:44 (6:53-9:17) 7:46 (6:44-9:34)

WIT (hrs) 0.60 45 (39-54) 47 (40-50)

Age (yrs) 0.10 52 (41-58) 54 (46-60)

BMI 0.40 24.8 (22.4-27.7) 25.8 (22.8-27.5)

Length (cm) 0.06 176 (168-182) 172 (166-188)

Weight (kg) 0.66 77 (67-85) 75 (65-86)

MELD score 0.50 14.2 (9.8-22.2) 14.8 (9.8-28.6)

Categorical Variables

Donor

DRI < 1,7
       ≥ 1,7

0.009 147 (67%)
71 (33%)

46 (51%)
44 (49%)

Age   < 60 yrs 
        ≥ 60 yrs

0.10 177 (80%)
45 (20%)

64 (27%)
26 (36%)

Gender Female
             Male

0.17 114 (52%)
107 (48%)

38 (42%)
52 (58%)

COD  Trauma
          Stroke
          Other

0.19 71 (32%)
136 (62%)

14 (6%)

20 (22%)
65 (72%)
5 (26%)

ICU LOS < 7 days 
               ≥ 7 days

0.47 189 (85%)
33 (15%)

80 (89%)
10 (11%)

Steatosis < 30%
                 ≥ 30%

0.75 194 (94%)
13 (6%)

76(93%)
6 (7%)

Graft  Full size
Split/reduced

0.049 214 (96%)
8 (4%)

81 (90%)
9 (10%)

Preservation  HTK
                        UW 

0.65 47(78%)
166 (22%)

21 (75%)
64 (25%)

DBD
DCD

0.87 38 (17%)
184 (83%)

16 (18%)
74 (82%)

Recipient

CIT < 10 hrs
       ≥ 10 hrs

0.32 184 (84%)
35 (16%)

71 (79%)
19 (21%)

WIT < 40 min
        ≥ 40 min

0.47 58 (27%)
161(74%)

20 (22%)
70 (78%)

Age   < 60 yrs
        ≥ 60 yrs

0.046 182 (82%)
40 (18%)

64 (71%)
26 (29%)

Gender  Female
               Male                                                  

0.005 80 (36%)
142 (64%) 

48 (53%)
42 (47%)

MELD < 20
            ≥ 20

0.41 162 (73%)
60 (27%)

61 (68%)
29 (32%)

Aprotinine   No
                     Yes

0.035 124 (59%)
85 (41%)

64 (73%)
24 (27%)

Piggyback   No
                    Yes

0.71 29 (13%)
193 (87%)

10 (11%)
80 (89%)
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Donor Characteristics
Median donor age was 49 years (Table 1). Of all grafts, 36% had a DRI ≥ 1.7. In 4 
patients the DRI could not be calculated because of missing variables (1.3%). DCD 
(donation after circulatory death) grafts were used in 17% of patients. Moderate 
macrovesicular steatosis (30-60%) was present in 19 (6%) grafts. Reduced size or 
split grafts were used in 17 (5%) patients. In the group with a DRI ≥ 1.7 more often 
HTK was used (32% versus 16%, p-value < 0.001), which is probably explained by 
the fact that in the early years HTK was used in DCD grafts.

Blood Loss and Transfusion of Blood Products
Median blood loss in pre and postreperfusion was 1.4 and 1.1 L respectively (Table 
1). The median postreperfusion blood loss did not differ significantly when we 
compared the group with a DRI < 1.7 with the group ≥ 1.7, but in patients with a 
DRI ≥ 1.7 significantly more patients had blood loss over 1.5 L postreperfusion 
(50% versus 36 of patients, p-value 0.019, Table 1). In 95 (30%) of all transplant 
procedures there was no need for RBC transfusion. In 86 (27%) of all transplants 
there was no need for any blood product transfusion (red blood cell (RBC), fresh 
frozen plasma (FFP), or platelets (PLT). In our model, 29% of patients required at 
least twice the amount of RBCs in stage 3 (post-reperfusion) compared to stages 
1&2 combined, or in case of no RBC requirements in stages 1&2 had at least 1 unit 
of RBC in stage 3 (Table 2).

Uni- and Multivariate Analysis of Variables Associated with RBC Transfusion
Variables associated with an increased requirement of RBC transfusion after graft 
reperfusion are summarized in Table 2. In our model (outcome parameter defined 
as RBC in stage 3 = at least 2 x RBC stage 1&2, minimal 1 RBC unit in stage 3) the 
following variables were associated with increased RBC transfusion requirements: 
DRI, graft type, age recipient ≥ 60 years, female recipient, and no aprotinin use. 
Variables with a p-value < 0.10 were entered into a multivariate logistic regression 
model. Multivariate analysis for increased RBC transfusion requirements in the 
postreperfusion stage (stage 3) revealed the following independent variables: DRI, 
female recipient, recipient age, and no aprotinin administration (Table 3). 

95
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◀ Table 2
Data represent median with interquartile ranges (IQR) for continuous variables or numbers (percentages) for categorical variables.

Abbreviations used: DRI: donor risk index, ICU LOS: intensive care unit length of stay, BMI: body mass index, CIT: cold ischemia time, WIT: warm 
ischemia time, MELD: model of end-stage liver disease, COD: cause of death, DBD: donation after brain death, DCD: donation after circulatory 
death, HTK: histidine-tryptophane-ketoglutarate, UW: University of Wisconsin, RBC: red blood cells.  

1 High RBC transfusion in the postreperfusion stage was defined as higher RBC in stage 3 = at least 2 x RBC stage 1&2, minimal 1 RBC unit in 
stage 3.

Table 3. Multivariate Analyses for Relatively High Postreperfusion RBC Transfusion in Liver Transplantation

Variable Odds Ratio 95% CI p-value

DRI (≥ 1.7) 1.777 1.048-3.013 0.033

Recipient age ≥ 60 years 1.852 1.001-3.425 0.049

Recipient gender (F) 1.846 1.095-3.114 0.022

No aprotinin used 1.845 1.055-3.230 0.032

Outcome parameter is increased RBC requirement in stage 3, defined as at least 2 x RBC stage 1&2, minimal 1 RBC unit in stage 3.

Abbreviations used: DRI: donor risk index, CI: confidence interval, F: female.
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Discussion

In an era of increasing organ shortage, accepting ECD grafts seems a necessary 
way to reduce waiting list mortality in liver transplantation. In general, ECD grafts 
are considered to be organs with a greater risk of initial poor function or non-
function and therefore they are associated with an increased risk of postoperative 
recipient morbidity and mortality (21,22). The results of this study indicate that 
the quality of the donor liver as reflected by the DRI has also an impact on RBC 
transfusion requirements after graft reperfusion. 

The effect of graft quality on posttransplant outcome has been analyzed extensively 
(10-13,20,23-25). So far, not much emphasis has been put on the intraoperative 
effects of the use of ECD grafts. In one study the short and long term outcomes 
after transplantation of steatotic liver grafts was studied (26). Investigators of 
this study found that the intraoperative RBC and FFP transfusion requirements 
were significantly higher after transplantation of liver grafts with > 35% steatosis 
(n = 22), compared to grafts with < 5% steatosis (n = 222). They also concluded 
that recipients of steatotic grafts required increased resource use, including 
increased length of stay in the ICU and overall length of stay. In our study, we did 
not find a relation between the grading of steatosis and intraoperative transfusion 
requirements. This may be explained by the relative low number of grafts with 
moderate (30-60%) macrovesicular steatosis (only 6 % of our cohort). 

It is evident that donor factors have no influence on blood loss and transfusion 
requirements during the recipient hepatectomy phase. Previous studies have 
shown that various recipient factors are associated with intraoperative blood loss 
and transfusion requirements in liver transplantation (27,28). Apparently, when 
considering the procedure as whole, recipient factors overshadow the influence of 
donor factors on transfusion requirements. Probably a difficult hepatectomy with 
major blood loss due to portal hypertension will affect blood loss and transfusion 
requirements during the postreperfusion stage. But the other way around, after 
an uncomplicated, bloodless hepatectomy, we hypothesized that quality of the 
liver graft is a risk factor for postreperfusion blood loss and thus transfusion 
requirements. To detect the group of patients that were relatively stable until 
implantation of the graft, but suffered from increased blood loss after graft 
reperfusion, we selected the patients who had a relatively high RBC transfusion 
rate in the postreperfusion stage, compared to the prereperfusion stages. To this 
end we used a model with doubling of the RBC requirements in postreperfusion 
stage, compared to prereperfusion stages. This model showed that, in addition to 
recipient factors and the use of aprotinin, the DRI was independently associated 
with the need for RBC transfusions in the postreperfusion stage.

There is no clear definition of the features of an ECD liver, but in general high donor 
age, high grade of steatosis, DCD grafts, partial grafts, or cerebrovascular cause of 
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death are considered as ECD criteria (22,29). Donor risk scores, such as the DRI, 
have been developed to quantify the risk associated with donor variables (23). To 
identify an ECD graft, we used the same DRI cut-off point of 1.7, as was done in a 
recent study by Maluf et al. (20). Since we considered all donors in this study of 
the Caucasian race and local, our calculated DRI may have been underestimated in 
some cases. 

Potential mechanisms for increased blood loss after graft reperfusion may be 
related to a higher degree of (I/R) injury in ECD grafts. Briceno et al. stated that 
poorer condition of the donor, irrespective of the variable, seemed to be directly 
associated with poorer graft function (14). A poor graft function may lead to a 
disturbed hemostatic balance and potentially lead to bleeding problems (30). 
Briceno et al. correlated accumulation of ECD factors with I/R injury. Risk factors 
for severe I/R injury were moderate to severe fatty infiltration, prolonged ICU 
hospitalisation, CIT, high dosage of inotropic drugs in the donor, and older donors 
(14). 

In addition, I/R injury is associated with endothelial cell damage caused by 
high release of toxic reactive oxygen species generated upon reintroduction 
of O2 to ischemic tissues (31). A key characteristic of I/R injury is the release of 
proteolytic enzymes, including phagocyte proteases and endothelial cell derived 
thrombomodulin leading to coagulopathy and hyperfibrinolysis (32,33). Two other 
studies suggest that increased I/R injury is accompanied by an increased release of 
fibrinolytic proteins (i.e. tissue-type plasminogen activator) from the donor graft, 
which may contribute to excessive blood loss in the last phase of the operation 
(15,16). In the current study, however, we identified DRI and no administration 
of the antifibrinolytic drug aprotinin as variables that were both independently 
associated with increased blood loss after reperfusion. This finding indicates that 
excessive blood loss after reperfusion cannot simply be ascribed to the release of 
tissue-type plasminogen activator alone. Other mechanism must play a role as 
well. Nevertheless, focus of further research should lie in organ optimisation and 
reduction of preservation and I/R injury. 

This study has some limitations. Due to its retrospective design, it is possible that 
we were not able to address all the risk factors for blood loss or transfusion, for 
instance the presence of portal hypertension or previous abdominal surgery in 
this cohort of patients, but we think we have eliminated this factors as much as 
possible by using a model that focuses on excessive postreperfusion blood loss, 
compared to blood loss during hepatectomy. 

In conclusion, the use of liver grafts with a DRI ≥ 1.7 is associated with significantly 
increased intraoperative RBC transfusion requirements after graft perfusion. 
This information can help surgeons and anesthesiologist to be more prepared 
for increased blood loss when an ECD liver with a DRI ≥ 1.7 is accepted for 
transplantation.
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