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Abstract
Background: The number of patients awaiting liver transplantation still widely exceeds the number of
donated organs available. Patients receiving extended criteria donor (ECD) organs are especially prone to
an aggravated ischemia reperfusion syndrome during liver transplantation leading to massive
hemodynamic stress and possible impairment in organ function. Previous studies have demonstrated
aprotinin to ameliorate reperfusion injury and early graft survival.

Methods: In this single center retrospective analysis of 84 propensity score matched patients out of 290
liver transplantation patients between 2010 and 2014 (OLT), we describe the association of aprotinin with
postreperfusion syndrome (PRS), early allograft dysfunction (EAD: INR  1,6, AST/ALT >2000 within 7-10
days) and recipient survival.

Results: The Incidence of PRS (52,4% vs 47,6%) and 30-day mortality did not differ (4.8 vs 0%; p=0.152)
but patients treated with aprotinin suffered more often from EAD (64,3% vs 40,5%, p=0.029) compared to
controls. Acceptable or poor (OR=3.3, p=0.035; OR=9.5, p=0.003) organ quality were independent
predictors of EAD.

Conclusion: Our data does not support the notion that aprotinin prevents nor attenuates PRS, EAD or
mortality.

Background
Increasing organ shortage for liver transplantation is a major challenge to transplant hepatology. To
address this situation and to overcome the discrepancy between organ demand and supply, marginal
donors or extended criteria donors (ECD) are more often accepted to increase the number of available
donor organs.[1, 2]

There is no standard de�nition of extended criteria donors. Eurotransplant considers liver graft donors as
extended criteria donors if one of the following criteria is ful�lled: Donor age >65 years, ICU stay with
ventilation >7 days, body mass index >30, steatotic liver >40% serum sodium >165 mmol/L, SGPT >105
U/L, SGOT >90U/L or serum bilirubine >3mg/dL. In the Eurotranplant region, available donor organs are
primarily offered to patients matching the ABO blood group with the highest Model of end stage liver
disease (MELD) score nearest to the explantation site [3]. Organs form extended criteria donors on the
other hand are offered to several centers closest to the explantation site. Remarkably, patients with a
special urgency are exempted from the MELD-based allocation (e.g. acute liver failure, primary organ
nonfunction). This leads to an increased acceptancy of organs from extended criteria donors being
transplanted to increasingly sick patients[4],[5].

Moreover, these liver grafts from extended criteria donors are especially susceptible to ischemia-
reperfusion injury.[6] During the liver transplantation itself, one of the most crucial time points for the
recipient is the reperfusion of the liver graft, potentially resulting in post-reperfusion syndrome (PRS) [7].
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PRS has been shown to be associated with poorer short- and long-term outcomes, in particular
hyper�brinolysis, early allograft dysfunction (EAD) and mortality.

Several measures improving ischemia-reperfusion of the liver transplantation graft and attenuating PRS
have been subject to investigation and extensive discussion: changes in preservation solution, external
organ perfusion as well as pharmacologic pre-conditioning by, among others, aprotinin[6]. Aprotinin is a
reversible binding, competitive serine protease inhibitor widely used to reduce blood loss during heart as
well as liver surgery [8-13]. One of the �rst descriptions of the applications of aprotinin in liver transplant
patients has been described by Neuhaus and colleagues [11, 12, 14]. Aprotinin activates plasminogen
and has been demonstrated to prevent microthrombosis, to improve microcirculation and consequently
oxygen supply, and to ameliorate systemic in�ammatory response [9, 15, 16]. Aprotinin reduces liver
ischemia reperfusion injury in animal models[17, 18] and improves 1-month graft survival in liver transplant
recipients.[9] The double-blinded European Multicenter Study on the Use of Aprotinin in Liver
Transplantation (EMSALT) found that aprotinin reduced hyper�brinolysis and consequently led to a 50%
reduction of blood loss and 30% reduction of transfusion requirement.[10] However, aprotinin was
temporarily suspended as preliminary results from the BART trial demonstrated higher mortality for
patients receiving aprotinin [19].

At our center, aprotinin was an essential element in the perioperative management when transplanting
liver grafts from extended criteria donors. We therefore conducted a single-center retrospective analysis to
investigate the effect of aprotinin on intraoperative and postoperative outcomes of liver graft recipients
compared to a cohort of propensity score matched patients who were not treated with aprotinin.

Methods
Patients

The local ethics committee (University Hospital Aachen, EK 291/13) approved the analysis and waived
the requirement of informed consent. Our analyses was conducted with adherence to the Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) guideline [20].

From January 2010 to June 2015 we performed 290 liver transplantations in our tertiary care university
hospital. Records of patients who received a liver transplantation during the observation period from
2010 to 2014 were reviewed for the intraoperative treatment of aprotinin. Using organ quality, donor age
and CIT, we identi�ed a propensity score matched control group with the nearest neighbor method (SPSS
24.0, MatchIt package for R, IBM Corporation, Armonk, USA). Matching variables were selected a priori, as
these were the criteria used to apply aprotinin at our center at that time.

Donor data

The covering letter from Eurotransplant provided the donor data: age, sex, body mass index, cold
ischemic time (CIT) as well as sodium concentration, alanine transaminase (ALT), aspartate
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transaminase (AST) and bilirubin (Bili).

Donor organ assessment

The transplanting surgeon assessed the liver graft macroscopically by inspection and palpations as
described before [21], assessing liver texture, yellowness, absence of scratch marks and round edges[22] .
The organs were classi�ed to either good, acceptable or poor quality following the Eurotransplant criteria.
Macro- and microvesicular fat content were determined by histology and described as affected
hepatocytes in percentage [7] including microsteatosis (MIS; the cytoplasm of the hepatocyte contains
multiple tiny lipid vesicles without nuclear dislocation) or macrovesicular steatosis (the cytoplasm of the
hepatocyte contains a univacuole lipid vesicle with nuclear displacement) [23].

Liver transplantation management

Liver transplantation was performed using an extracorporeal venovenous/portalvenous bypass. Bypass,
surgical and anesthesiologic management as well as peri- and postoperative immune suppression
regimen have been described earlier in detail [7, 21]. The patients received a maximum of one liter of
balanced electrolyte solution. Adjacent volume replacement was hold up by transfusion of fresh frozen
plasma (FFP) in order to anticipate coagulation disorders. Transfusion triggers for red blood cell units
(RBC) were dependent on the patient’s comorbidities and transfusions were conducted at the discretion of
the providing anesthesiologist. Our standard operation procedure (SOP) scheduled a thrombelastometry
(TEM, Rotem®) after induction of anesthesia as well as 15-30 min and 45-60 min after reperfusion for
early correction of coagulation disorders [24].

Aprotinin application

After allocation of the organ, the treating anesthesiologist and transplant surgeon decided jointly
considering i) the visual assessment of the liver, ii) to the cold ischemic time (CIT) and iii) the donor age,
whether the patient should receive aprotinin in order to attenuate PRS and early allograft dysfunction.
Aprotinin infusion was started immediately after the surgical incision with a testing dose of 1ml
(equivalent to 10 000 IE) to rule out any allergic reaction. After that, aprotinin was infused at a rate of
2x106 IE/h, a rate of 4x106 IE/h during the an-hepatic phase and reduced to 2x106IE/h until the end of
surgery.

Recipient data

Recipient data were abstracted from the patient’s medical chart: recipient age, diagnosis leading to
transplantation and the laboratory model of end stage liver disease score (labMeld: 10x
(3.8*ln(bilirubin[mg/dl])+11,2*loge(INR)+9,6*ln(creatinine level [mg/dl])+6,4*(etiology: 0 if cholestatic or
alcoholic, 1 otherwise) [3] were recorded at the evaluation procedure before patients were enlisted for
transplantation. Clinical chemistry data (creatinine, AST, ALT, Bili, GGT, GLDH) were extracted from the
electronical chart after admission closest to the beginning of the surgery (preoperatively), at ICU



Page 5/22

admission immediately after surgery (postoperatively) and on day 1, 3, 7 and 14. The number of
intraoperatively transfused units of red blood cell units (RBC; units), fresh frozen plasma (FFP), platelets,
�brinogen and 4 factor prothrombin complex concentrate (4F-PCC) were extracted from the paper-based
anesthesia protocol. Bilirubin, INR, AST/ALT, acute rejection (clinical diagnosis), surgical revisions, re-
transplantation, sepsis, need for renal replacement therapy (RRT), intensive care unit (ICU) length of stay
(LOS). Early allograft dysfunction is de�ned as bilirubin  10mg/dl on postoperative day (POD)7 and/or
INR 1,6 on POD 7 and/or AST or ALT >2000 IU/L within in the �rst 7 days, were abstracted from the
patient’s chart after the transplantation.

Postreperfusion syndrome [7]

Postreperfusion syndrome was de�ned as occurrence of one of the following criteria: (1) decrease in
mean arterial pressure (MAP) of at least 30% at time of reperfusion, (2) administration of an intravenous
bolus of norepinephrine >2 μg kg body weight (BW)-1, (3) increase of continuous norepinephrine (NE)
infusion of ≥0.1 μg kg BW− 1 within 5 to 30 min after reperfusion, or (4) initiation of continuous
vasopressin infusion after reperfusion. According to our department’s SOP, PRS was treated as follows: (i)
0,5 mg atropine before reperfusion if heart rate < 80, (ii) NE boli and NE infusion to maintain MAP, (iii)
epinephrine boli and infusion in case of signi�cant bradycardia with hypotension and decrease of SVO2
during reperfusion, (iv) infusion of vasopressin if high doses of NA are necessary or NA therapy
ineffective.

Statistics

For a detailed description of the propensity score matching please refer to the the patients section above.
Differences between groups were analyzed using the t-test for continuous, Chi-Square test for categorical
and variance analysis for repeated measurements for continuous variables over time. Kaplan-Meyers
curves were generated to display the effect of trasylol on patient and graft survival. A logistic regression
analysis was used to analyse the effect of trasylol, MELD, organ quality, donor BMI and donor AST on
EAD. Parameter were included in multivariate (stepwise forward) approach if univariate analysis was
signi�cant (SPSS 24.0). Results were displayed as mean and standard deviation or absolute and relative
number of cases. Figures were created using Prism 6.0 (GraphPad Software, San Diego, USA). A two-
sided p-value ≤0.05 was considered statistically signi�cant.

Results
Patients

A total of 290 patients received a liver transplantation graft during the �ve-year study period and 42 of
these patients were treated with aprotinin. Whether the patient was treated with aprotinin to attenuate
PRS and EAD had been a joint decision of the attending anesthesiologist and the transplant surgeon
based on the following criteria: i) organ quality (good, acceptable, poor), ii) cold ischemia time and iii)
age of the donor. In a propensity score analysis using these three criteria, 42 statistically similar patients
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were identi�ed who were not treated with aprotinin and were assigned to the control group. Matching
reduced the relative multivariate imbalance L1 (0.634 vs. 0.782) and the χ2 balance test showed no
signi�cant imbalance (χ2=1.08, df = 4, p = 0.897) in the matched cohort (n = 84).

Liver Graft Recipient Characteristics

Demographic and clinical characteristics of the study population are described in detail in Table 1.
Patients who were treated with aprotinin intraoperatively during a liver graft transplantation were of
similar age and sex and had a similar BMI compared to controls. Patients treated with aprotinin did not
differ regarding the reason for liver graft transplantation, preoperative clinical chemistry, amount of
intraoperative transfusions and intraoperative complications. Notably, patients who were treated with
aprotinin did tend to have a higher preoperative labMELD score (19.9±8.5 vs. 16.4±8.6; p = 0.061).

Liver Graft Donor Characteristics

Demographic and clinical characteristics of the liver graft donors for the matched study population of
liver graft recipients are described in Table 2. Donors did not differ in age, sex and ICU length of stay for
recipients treated with aprotinin compared to controls. Overall organ quality, graft fat content and cold
and warm ischemia time did not differ as well. However, donors for recipients treated with aprotinin had a
higher BMI (34.7±8.9 vs. 30.3±7.5, p = 0.018) and a higher ALT (85.7±114.2 vs. 43.6±38.6, p = 0.032).

Table 1: Demographic and clinical characteristics of 42 liver graft recipients were intraoperatively treated
with aprotinin and 42 controls. The 42 statistically similar recipients who were not treated with aprotinin
were identi�ed by propensity score matching in a cohort of 290 single center liver graft recipients.
Propensity scores were calculated using organ quality, cold ischemia time and donor age.
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  Matched Cohort

(n = 84)

Aprotinin

(n = 42)

Controls

(n = 42)

p

Age [years] 57.0 ± 6.9 57.0 ± 6.6 57.1 ± 7.2 0.937

Sex [female]        

BMI [kg/cm2] 27.6 ± 5.5 27.0 ± 5.3 28.1 ± 5.7 0.361

labMELD score 18.1 ± 8.5 19.9 ± 8.1 16.4 ± 8.6 0.061

Reason for transplantation        

     Alcoholic Cirrhosis [n] 32 (38.1%) 15 (35.7%) 17 (40.5%) 0.596

     Hepatocellular Carcinoma [n] 23 (27.4%) 9 (21.4%) 14 (33.3%)

     Acute Liver Failure [n] 4 (4.8%) 3 (7.1%) 1 (2.4%)

     Primary Biliary Cirrhosis [n] 4 (4.8%) 2 (4.8%) 2 (4.8%)

     HBV or HCV Cirrhosis [n] 5 (6.0%) 3 (7.1%) 2 (4.8%)

     Graft Failure [n] 3 (3.6%) 3 (7.1%) 0 (0.0%)

     Nonalcoholic Steatohepatitis [n] 4 (4.8%) 2 (4.8%) 2 (4.8%)

     Other [n] 9 (10.7%) 5 (11.9%) 4 (9.5%)

Preoperative Clinical Chemistry        

     Creatinine [mg/dl] 1.6 ± 1.5 1.8 ± 1.5 1.4 ± 1.4 0.189

     AST [U/L] 302.5 ± 1432.2 518.5 ± 1998.9 80.6 ± 100.7 0.188

     ALT [U/L] 163.3 ± 721.9 269.5 ± 1007.9 54.2 ± 55.3 0.205

     Bilirubin [mg/dL] 5.7 ± 7.5 7.0 ± 8.5 4.3 ± 6.3 0.113

     GGT [U/L] 167.1 ± 234.5 160.8 ± 278.4 173.4 ± 184.2 0.817

     GLDH [U/L] 132.9 ± 871.3 275.2 ± 1274.6 8.8 ± 10.6 0.249

BMI: body mass index; labMELD: laboratory model of end-stage liver disease; HBV: hepatitis B virus;
HCV: hepatitis C virus; AST: aspartate transaminase: ALT: alanine transaminase; GGT: gamma
glutamyl transpeptidase; GLDH: glutamate dehydrogenase; 4F-PCC: four-factor prothrombin complex
concentrate.

Outcomes

Differences in outcome between liver graft recipients who were treated with aprotinin compared to
recipients who were not treated with aprotinin are displayed in Table 3. During the intraoperative period,
recipients did not differ regarding the incidence of postreperfusion syndrome (52.4% vs. 47.6%; p = 0.414)
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and hyper�brinolysis (7.1% vs. 9.5%; p = 1.0). Similarly, the number of transfusion units of packed red
blood cells, fresh frozen plasma and platelets as well as the amount of �brinogen and four-factor
prothrombin complex concentrate did not differ between liver graft recipients who were treated with
aprotinin compared to liver graft recipients who were not.

Table 2: Demographic and clinical characteristics of the liver graft donors and grafts data for 42 liver
graft recipients who were intraoperatively treated with aprotinin and 42 controls. The 42 statistically
similar recipients who were not treated with aprotinin were identi�ed by propensity score matching in a
cohort of 290 single center liver graft recipients. Propensity scores were calculated using organ quality,
cold ischemia time and donor age.
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  Matched Cohort

(n = 84)

Aprotinin

 (n = 42)

Controls

 (n = 42)

p

Age [years] 60.3 ± 12.7 59.0 ± 10.8 61.6 ± 14.5 0.354

Sex [female] 41 (48.8%) 24 (57.1%) 17 (40.5%) 0.127

BMI [kg/cm2] 32.5 ± 8.5 34.7 ± 8.9 30.3 ± 7.5 0.018

Clinical chemistry        

     AST [U/L] 99.3 ± 188.1 127.9 ± 256.8 72.2 ± 75.9 0.869

     ALT [U/L] 64.7 ± 87.3 85.7 ± 114.2 43.6 ± 38.6 0.032

     Bilirubin [mmol/L] 1.0 ± 1.2 0.7 ± 0.9 1.1 ± 1.5 0.193

     Sodium [mmol/L] 148.9 ± 7.5 149.4 ± 7.9 148.4 ± 7.2 0.182

ICU length of stay [days] 6.2 ± 8.8 6.1 ± 9.7 6.4 ± 8.0 0.587

Organ Qualitya        

     good 24 (28.6%) 12 (28.6%) 12 (28.6%) 0.960

     acceptable 43 (51.2%) 22 (52.4%) 21 (50%)

     poor 17 (20.2%) 8 (19%) 9 (21.4%)

Graft fat content        

     Macrovesicular [%] 27.8 ± 24.2 32.1 ± 23.0 23.5 ± 25.1 0.319

     Microvesicular [%] 46.8 ± 26.5 50.6 ± 22.9 42.7 ± 29.9 0.246

Time to transplantation        

     Cold Ischemia Time [min] 517.1 ± 128.0 524.6 ± 137.5 509.5 ± 119.0 0.281

     Warm Ischemia Time [min] 45.2 ± 8.5 46.2 ± 8.0 44.2 ± 9.1 0.593

Extended donor criteria        

     Age > 65 years [n] 29 (34.5%) 12 (28.6%) 17 (40.5%) 0.340

     BMI > 30 [n] 36 (42.9%) 24 (57.1%) 12 (28.6%) 0.008

     ICU stay > 7 days [n] 18 (21.4%) 7 (16.7%) 11 (26.2%) 0.287

     Elevated Transaminasesb [n] 15 (17.9%) 10 (23.8%) 5 (11.9%) 0.154

     CIT > 10 h 21 (25%) 12 (28.6%) 9 (21.4%) 0.450

     Bilirubin > 3 mmol/L 6 (7.1%) 1 (2.4%) 5 (11.9%) 0.645

     Steatosis > 40% 35 (41.7%) 20 (47.6%) 15 (35.7%) 0.268
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     Sodium > 165 mmol/L 5 (6.0%) 2 (4.8%) 3 (7.1%) 0.645

Number of Extented donor criteria        

     0 [n] 8 (9.5%) 4 (9.5%) 4 (9.5%) 0.682

     1 or 2 [n] 60 (71.4%) 28 (66.6%) 32 (76.2%)

     ≥ 3 [n] 16 (19.0%) 10 (23.8%) 6 (14.3%)

aorgan quality de�nition as described by Kork et al.[7]; bALT > 105 U/L or AST > 90 U/L per de�nition
of the marginal donor criteria of Eurotransplant  [25]

BMI: body mass index; AST: aspartate transaminase: ALT: alanine transaminase; ICU: intensive care
unit; GGT: gamma glutamyl transpeptidase; GLDH: glutamate dehydrogenase; 4F-PCC: four-factor
prothrombin complex concentrate.

Liver graft recipients who were treated with aprotinin had more postoperative complications than
recipients who were not treated with aprotinin: They suffered more often from early allograft dysfunction
(64.3% vs. 40.5%; p = 0.029), suffered more often from acute kidney injury (48.8% vs. 26.2%; p = 0.033)
and required more often renal replacement therapy (24.4% vs. 7.1%; p = 0.015) than controls.
Multivariable regression analysis con�rmed this �nding: Only intraoperative treatment with aprotinin was
associated with a 4-fold (OR 4.12, 95%CI 1.21–14.00; p = 0.023), acceptable donor organ quality with a 5-
fold (OR 4.95, 95%CI 1.26–19.5; p =0.022) and poor donor organ quality with a 12-fold (OR 11.77, 95%CI
2.00–69.5, p = 0.007) risk for developing early allograft dysfunction after adjusting for for recipient age,
sex, BMI and labMELD, donor age, BMI and AST, cold ischemic time and organ quality (Table 4). An
additional sensitivity analysis recon�rmed this: Matching of a cohort using a propensity score including
age, sex, BMI, labMELD, donor age, donor BMI, donor AST, cold ischemia time and organ quality led to a
cohort of 70 liver graft recipients, 35 of whom were treated with aprotinin and 35 of whom were not. In
this alternate matched cohort, recipient and donor data did not differ in any of the above reported
variables, but recipients still suffered more often from early allograft dysfunction when treated with
aprotinin compared to controls (68.6% vs. 37.1%, p = 0.017; data not shown).

In accordance with the higher incidence of early allograft dysfunction, recipients who were treated with
aprotinin had higher maximum AST (3193.6 ± 2273.5 vs. 1984.2 ± 1883.9; p = 0.010) and ALT (1611.3 ±
1152.4 vs. 975.2 ± 937.4; p = 0.007) after transplantation of the graft. A multivariable linear regression
model con�rmed this by demonstrating that having been treated intraoperatively with aprotinin was
associated with a 1.324 U/L (95%CI 354–2.295) higher maximum AST after adjusting for recipient age,
sex, BMI and labMELD, donor age, BMI and AST, cold ischemic time and organ quality (Table 4).

Liver graft recipients treated with aprotinin did not differ regarding mortality from recipients not treated
with aprotinin: 30-day mortality, 1-year mortality, and overall mortality (p > 0.152; Table 3) as well as
recipient survival time and graft survival time did not differ from controls (Figure 1).
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Table 3: Intraoperative and postoperative complications and mortality of 42 liver graft recipients who
were intraoperatively treated with aprotinin and 42 propensitiy score matched controls. The 42
statistically similar recipients who were not treated with aprotinin were identi�ed by propensity score
matching in a cohort of 290 single center liver graft recipients. Propensity scores were calculated using
organ quality, cold ischemia time and donor age.
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  Matched
Cohort

(n = 84)

Aprotinin

 (n = 42)

Controls

 (n = 42)

p

Intraoperative Complications        

     Postreperfusion Syndrome [n] 42 (50%) 22 (52.4%) 20 (47.6%) 0.414

     Hyper�brinolysis [n] 7 (8.3%) 3 (7.1%) 4 (9.5%) 1.000

Intraoperative Transfusions        

     Packed Red Blood Cells [U] 11.3 ± 23.3 13.7 ± 32.0 8.8 ± 6.9 0.374

     Fresh Frozen Plasma [U] 16.2 ± 9.3 15.2 ± 9.0 17.1 ± 9.5 0.380

     Platelets [U] 1.0 ± 1.2 1.2 ± 1.2 0.8 ± 1.1 0.191

     Fibrinogen [g] 3.0 ± 3.2 3.6 ± 3.2 2.4 ± 3.0 0.094

     4F-PCC [IU] 1090.5 ±
1581.9

1200.0 ±
1450.1

986.8 ± 1710.4 0.566

Postoperative Complications        

     Early Allograft Dysfunction [n] 44 (52.4%) 27 (64.3%) 17 (40.5%) 0.029

     Rejection Episodes [n] 18 (21.4%) 12 (14.3%) 6 (7.1%) 0.241

     Acute Kidney Injury [n] 31 (37.3%) 20 (48.8%) 11 (26.2%) 0.033

     Renal Replacement Therapy [n] 13 (15.7%) 10 (24.4%) 3 (7.1%) 0.015

     Retransplantation        

          30 Day Retransplantation [n] 5 (6.0%) 4 (9.5%) 1 (2.4%) 0.167

          1 Year Retransplantation [n] 7 (8.3%) 4 (9.5%) 3 (7.1%) 0.693

     Reasons for Retransplantation        

          Arterial Thrombosis [n] 1 (2.4%) 1 (2.4%) 0 0.306

          Primary Non-Function [n] 4 (4.8%) 3 (7.1%) 1 (2.4%)

          Ischemic Type Biliary Lesions
[n]

2 (4.8%) 0 (0.0%) 2 (4.8%)

          Tumor [n] 1 (2.4%) 0 (0.0%) 1 (2.4%)

Postoperative Clinical Chemistry        

     Creatinine, peak [mg/dL] 2.7 ± 1.9 2.7 ± 1.6 2.6 ± 2.2 0.812

     AST, peak [U/L] 2588.9 ±
2162.5

3193.6 ±
2273.5

1984.2 ±
1883.9

0.010
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     ALT, peak [U/L] 1293.3 ±
1092.0

1611.3 ±
1152.4

975.2 ± 937.4 0.007

     Bilirubine, peak [mg/L] 6.9 ± 4.7 7.6 ± 5.1 6.2 ± 4.2 0.167

     GGT, peak [U/L] 463.5 ± 430.3 502.9 ± 499.7 424.1 ± 349.1 0.405

     GLDH, peak [U/L] 1100.9 ±
1210.4

1199.4 ± 894.8 1002.3 ±
1464.7

0.459

Mortality        

     30 Day Mortality [n] 2 (2.4%) 2 (4.8%) 0 (0.0%) 0.152

     1 Year Mortality [n] 9 (10.7%) 5 (11.9%) 4 (9.5%) 0.724

     Overall Mortality [n] 13 (15.5%) 6 (14.3%) 7 (16.7%) 0.763

4F-PCC: four-factor prothrombin complex concentrate; AST: aspartate transaminase: ALT: alanine
transaminase; ICU: intensive care unit; GGT: gamma glutamyl transpeptidase; GLDH: glutamate
dehydrogenase;

Table 4: Intraoperative treatment with aprotinin is associated with early allograft dysfunction (EAD) and
peak aspartate transaminase (AST) after liver graft transplantation. Two multivariable models in a cohort
of 84 liver graft recipients (42 treated with aprotinin and 42 propensity score matched controls) describe
this association. On the left, a binary logistic regression model for EAD and on the right a linear
regression model for peak AST.
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  Early Allograft Dysfunction peak AST after Transplantation

  OR (95%CI) p beta (95%CI) p

Recipient data            

     Age [years] 0.95 (0,86–1,04) 0.242 -33.4 (-107.8–41.0) 0.373

     Sex [female] 0.64 (0,15–2,66) 0.534 -437.6 (-1632.9–
757.7)

0.467

     BMI [kg/cm2] 1.02 (0,9–1,15) 0.768 -19.0 (-120.3–82.3) 0.709

     labMELD score 0.98 (0,92–1,06) 0.671 -47.4 (-104.7–10.0) 0.104

Donor data            

     Age [years] 0.98 (0,94–1,03) 0.478 -64.0 (-103.7–-24.3) 0.002

     BMI [kg/cm2] 0.96 (0,89–1,02) 0.181 -22.9 (-79.6–33.9) 0.423

     AST [U/L] 1.00 (1,00–1,00) 0.833 -2.0 (-4.6–0.5) 0.115

Cold Ischemia Time
[minutes]

1.00 (1,00–1,01) 0.994 1.4 (-2.5–5.2) 0.483

Organ Qualitya            

     acceptable 4.95 (1,26–
19,46)

0.022 1770.0 (814.4–3031.2) 0.001

     poor 11.78 (1,99–
69,55)

0.007 1324.8 (387.6–3152.4) 0.013

Treatment with Aprotinin 4.12 (1,21–
14,00)

0.023 -33.4 (354.0–2295.6) 0.008

acompared to good organ quality, de�nition as described Kork et al. [7]

BMI: body mass index; labMELD: laboratory model of end-stage liver disease; AST: aspartate
transaminase.

Conclusions
In this single center retrospective analysis of 84 propensity score matched liver graft recipients of organs
from extended criteria donors, we sought to determine the association of intraoperative treatment of
aprotinin with hyper�brinolysis, PRS, EAD and mortality. We found that patients receiving intraoperative
aprotinin did not differ in incidence of intraoperative hyper�brinolysis, PRS or mortality compared to
controls. However, liver graft recipients suffered more often from EAD (64% vs. 41%) and had higher
postoperative peak transaminases compared to controls. In fact, multivariable regression analyses
determined intraoperative treatment with aprotinin to be independently associated with a 4-fold risk of
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EAD and 1.300 U/L higher peak AST after liver graft transplantation in patients receiving organs from
extended criteria donors.

All of the 84 liver graft recipients in this analysis treated at the same center with the same operative
technique (intraoperative venovenous/portalvenous bypass) [21] and with an SOP guided intra-operative
management [7]. Although this has led to a homogenous single center study sample, it also limits the
external validity of the results. Limited external validity is a common problem when analyzing liver
transplant patient data. In 2019 in Germany alone, there were 22 liver transplanting centers transplanting
1,571 liver grafts, each with its own characteristic treatment modalities. However, this limitation will only
be overcome by an e�cient multicenter registry that collects comprehensive perioperative datasets of
adequate granularity. Furthermore, the retrospective design of our analyses could have impaired data
quality.

In our sample, the incidence of EAD was 52%. While the incidence of EAD has been reported in the
literature between 23% [26] and 39% [27], the notably high incidence in our sample is most likely due to
the fact over 90% of the patients analyzed in this study received a liver graft from a donor that ful�lled at
least one criterium for an extended donor; i.e. the high incidence of EAD may be attributable to the
transplantation of marginal organs with a high proportion of moderate and poor organs containing
above-average microvesicular and macrovesicular fat. Evidence describing risk factors for EAD is rather
scarce but moreover limited by the multitude of treatment modalities as described above. Evidence
suggests that mainly graft steatosis, recipient MELD score and CIT [7] but also donor BMI [26-28] are risk
factors for EAD. Our sample may have been biased with regard to this fact, as donors for patients treated
with aprotinin had a tendentiously higher BMI compared to controls. This may be due to fact that we
considered only donor age, organ quality and CIT for matching, as those were the criteria for the clinical
consensus decision to treat the graft recipient with aprotinin. Interestingly, it could be that – although
considering only those three criteria – transplant surgeon and attending anesthesiologist inadvertently
chose recipients of organs with higher fat content or poorer quality to be treated with aprotinin. However,
a sensitivity analysis controlling especially for these potential confounders con�rmed the independent
association of aprotinin with the increased risk of EAD.

Aprotinin is a protease inhibitor derived from bovine or porcine lungs. As such, aprotinin inhibits human
proteases as e.g. trypsin, kallikrein but moreover plasmin, thus decelerating hyper�brinolysis. In 1989,
aprotinin was �rst demonstated to reduce blood loss, transfusion requirements and duration of surgery in
liver graft recipients [14]. A �nding that was later con�rmed in single and multicenter studies [29], [30],
[31], [10]. We could not demonstrate any effect of aprotinin on hyper�brinolysis in our sample. This may
be attributed to the small sample size of the matched cohort in combination with the overall low
hyper�brinolysis incidence of 8.3% but also due to our standardized transfusion regime [7, 21]. Moreover,
evidence questioning the usefulness of aprotinin cumulated since large multicenter trials had found an
increased risk of major cardiac events, stroke and mortality in cardiac-surgery patients [32], [33]. This
ultimately led to the withdrawal of aprotinin in many countries. A study by Scho�eld and colleagues
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suggests that although the incidence of hyper�brinolysis is higher in patients not receiving aprotinin,
there has been no increase in transfusion requirements [34].

Renal impairment

Molenaar et al. described an improvement in EAD by aprotinin [9]. Improvement in EAD could not be
detected in our patients applying aprotinin. Surgical variables as to cold ischemia times were not
different between our studies. Differences in aprotinin concentration have to be considered for these
divergent results. From studies in cardiac surgery aprotinin has been described to ameliorate the systemic
in�ammatory response due to cardiopulmonary bypass [35].

Aprotinin is a serine protease inhibitor. Of these proteases, interaction with plasmin and kallikrein are
likely to be the most important for haemostasis and the reduction of in�ammation. Additionally, aprotinin
also inhibits matrix metalloproteinases (MMP). MMPs are zinc-binding proteolytic enzymes, who are
responsible for the degradation of extracellular matrix proteins and basement membranes. The main
injury target in the liver following cold storage as well for ischemia reperfusion injury are the liver
sinusoidal endothelial cells (LSEC) [36]. An 8-fold increase of MMP-9-levels have been shown 30 min
after reperfusion in human OLTs [15]. The inhibition of MMP especially MMP-9 in liver injury has a
relevant impact on attenuation and repair of LSEC [36]. An intravenous infusion of aprotinin during the
liver transplantation leads to an unselected inhibition of MMP’s hereby inhibiting bone marrow progenitor
cells which are needed to repair injured LSEC. Wang et al. described an even more pronounced effect
when the MMP-2,9 inhibitor is directly injected to the donor organ in a steatotic rat liver I/R model [36].
This might be an interesting approach while using hypothermic machine perfusion for marginal liver
grafts. In lung transplantation addition of aprotinin to organ preservation solution decreases reperfusion
injury signi�cantly [37].

Aprotinin is transiently stored in the tubular cells for 5-6 days [38]. This might help explain the signi�cant
difference of renal impairment in aprotinin treated patients within one week after the transplantation. The
30 day as well as the 1-year survival in the aprotinin treated patients did not differ. The in�uence of
aprotinin on renal function in liver transplant patients has been described to a similar extend by Warnaar
et al. [11]. The incidence on hyper�brinolysis has been expected to be higher, especially in steatotic donor
organs.

A bias in patients’ selection for aprotinin treatment may not be ruled out due to the treating
anesthesiologists experience in transplantation of EDC organs as well the clinical impression of the
patient awaiting the liver transplantation. Histological quanti�cation of hepatic steatosis is strongly
observer dependent and not always reproducible at the transplant site [22, 28, 39].

Cold ischemic time (CIT) is an independent risk factor of early as well as delayed organ dysfunction [40].
PRS may result in a condition of severe hemodynamic compromise of the recipient as well leading to
hyper�brinolysis. Two major risk factors for PRS are steatosis of the graft liver as well as the cold
ischemic time (CIT) [7, 40].
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This may help to explain why the survival rate after liver transplantation has declined after
implementation of the MELD system [2]. Especially due to the estimated decrease in transplantable
organs due to diabetes, obesity and aging population graft utilization will decrease from 78% in 2010 to
44% in 2030 in the United States. This will additionally in�uence the outcome for patients on the waiting
list [36, 41].

Regarding our results presented in this study we changed our standard protocol for liver transplantation
in and do not further applicate aprotinin regularly. The idea of pharmacologic preconditioning by
aprotinin of the OLT recipient in case of liver transplantation of ECD organs did not improve the short nor
the long-term outcome in this study.

Abbreviations
ECD extended criteria donor

OLT orthotopic liver transplantation

PRS postreperfusion syndrome

EAD early allograft dysfunction

ICU intensive care unit

MELD model of end stage liver disease

ALT alanine transaminase

AST aspartate transaminase

GGT gamma glutamyl transpeptidase

GLDH glutamate dehydrogenase

HBV hepatitis B virus

HCV hepatitis C virus

Bili bilirubin

RBC red blood cell units

SOP standard operation procedure

TEM thrombelastometry

CIT cold ischemic time
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FFP fresh frozen plasma

4F-PCC 4 factor prothrombin complex concentrate

RRT renal replacement therapy

LOS length of stay

POD postoperative day

MAP mean arterial pressure

NE norepinephrine

BW body weight

BMI body mass index

OR odds ratio

MMP matrix metalloproteinase

LSEC liver sinusoidal endothelial cells
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Figures

Figure 1

Patient survival (left) and graft survival (right) did not differ between 42 liver graft recipients receiving
aprotinin and 42 matched controls.


