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SUMMARY

Acute kidney injury (AKI) is frequently observed after donation after brain
death (DBD) liver transplantation (LT) and associated with impaired
recipient survival and chronic kidney disease. Hepatic ischemia/reperfusion
injury (IRI) is suggested to be an important factor in this process. The
postreperfusion syndrome (PRS) is the first manifestation of severe hepatic
IRI directly after reperfusion. We performed a retrospective study on the
relation between hepatic IRI and PRS and their impact on AKI in 155
DBD LT recipients. Severity of hepatic IRI was measured by peak postop-
erative AST levels and PRS was defined as >30% decrease in MAP ≥1 min
within 5 min after reperfusion. AKI was observed in 39% of the recipients.
AKI was significantly more observed in recipients with PRS (53% vs. 32%;
P = 0.013). Median peak AST level was higher in recipients with PRS
(1388 vs. 771 U/l; P < 0.001). Decrease in MAP after reperfusion corre-
lated well with both severity of AKI (P = 0.012) and hepatic IRI
(P < 0.001). Multiple logistic regression identified PRS as an independent
factor for postoperative AKI (OR 2.28; 95% CI 1.06–4.99; P = 0.035). In
conclusion, PRS reflects severe hepatic IRI and predicts AKI after DBD LT.
PRS immediately after reperfusion is an early warning sign and creates
opportunities to preserve postoperative renal function.
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Introduction

Acute kidney injury (AKI) is a common complication

after liver transplantation with a reported incidence of

20–78% [1–6]. Recipients developing AKI have an

impaired short- and long-term survival and an increased

risk to chronic kidney disease (CKD) [3–8]. Further-

more, it is associated with an increased length of hospital

stay, utilization of resources, and costs of care [9]. The

etiology of AKI after liver transplantation is multifacto-

rial and not completely understood. Besides preoperative

renal function, known risk factors include severity of

liver disease (MELD score), recipient age, and comor-

bidities such as diabetes mellitus and hypertension

[3,7,10]. After liver transplantation, calcineurin inhibitor

nephrotoxicity is considered to be a major risk factor for

renal failure [11–13]. Next to these classic risk factors,

graft characteristics are increasingly being recognized as
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contributors to the development of AKI after liver trans-

plantation [14]. A comparative study by Leithead et al.

[1] showed that AKI was more frequent when donation

after circulatory death (DCD) grafts were used (54%)

compared to donation after brain death (DBD) grafts

(32%). The obligatory extra donor warm ischemia time

in DCD liver transplantation appears to be responsible

for this higher incidence of AKI. However, the majority

of liver transplantations with deceased donors are still

performed using DBD grafts [15,16]. With AKI develop-

ing in one-third of DBD recipients, it remains an impor-

tant complication after DBD liver transplantation.

Hepatic ischemia/reperfusion injury (IRI), giving rise to

a systemic inflammatory response similar as seen in sep-

sis and multi-organ failure, is the predominant factor

associated with postoperative AKI after DBD liver

transplantation [2,17–20].
Currently, graft biopsies at reperfusion and peak

serum aspartate transaminase (AST) levels until 72 h

after liver transplantation are being used to quantify the

severity of hepatic IRI [21–23]. These diagnostic modal-

ities do not allow early recognition nor quantification

of hepatic IRI at reperfusion during the operation.

However, early identification of severe hepatic IRI is

pivotal to facilitate possible preventive measures to pre-

serve renal function. An early indicator of severe hepatic

IRI in liver transplantation is the postreperfusion syn-

drome (PRS). PRS is characterized by a decrease in sys-

temic vascular resistance, hypotension, impaired cardiac

output, and an increased pulmonary vascular resistance

directly after reperfusion [24]. This hemodynamic phe-

nomenon has an incidence between 12% and 55% and

is associated with higher in-hospital mortality [25–29].
Knowing hepatic IRI is a risk factor for development of

postoperative AKI and PRS is a manifestation of severe

hepatic IRI, and recognition of PRS could allow early

identification of recipients at risk for AKI after DBD

liver transplantation. Paugam-Burtz et al. [25] have

demonstrated in a retrospective study about the conse-

quences of PRS that this phenomenon is associated with

an increase of postoperative severe renal dysfunction

(eGFR <30 ml/min). However, this relatively small

study did not focus on postoperative renal injury and

did not investigate a linear correlation between hemo-

dynamic instability after reperfusion and the severity of

postoperative renal injury.

The aim of our study was first to analyze the effect of

PRS on the development of postoperative AKI and sec-

ond to explore the relation between hemodynamic

instability after reperfusion and the severity of hepatic

IRI in DBD liver transplantation.

Materials and methods

This retrospective study was performed with approval of

the Erasmus University Medical Center Rotterdam Insti-

tutional Review Board (MEC-2014-670). All consecutive

patients who underwent first DBD liver transplantation

in our center from July 2008 until October 2014 were

included. Exclusion criteria were liver transplantation for

acute liver failure, urgent retransplantation in the first

week of follow up, living donor liver transplantation

(LDLT), combined liver–kidney transplantation, and

AKI diagnosed in the week prior to liver transplantation.

Recipient baseline characteristics at time of admission

(age, gender, etiology of liver disease, hepatocellular car-

cinoma, serum sodium, creatinine, bilirubin, and inter-

national normalized ratio) were collected. The estimated

glomerular filtration rate (eGFR) was calculated using

the Modification of Diet in Renal Disease Study

4-variable equation: 186 9 [serum creatinine (lmol/l)/

88.4]�1.154 9 age (in years)�0.203 9 0.742 (if woman)

9 1.212 (if black), as was model for end-stage liver

disease (MELD) score [30]. Relevant medical history

[hypertension, insulin-dependent diabetes mellitus

(IDDM), and coronary artery disease] was recorded.

Presence of ascites, either diuretic controlled or refrac-

tory, was evaluated by historic evidence of ascites by CT

scan [31]. The donor risk index (DRI) was calculated to

assess graft quality [32].

During surgery, recipient hemodynamics were moni-

tored using an intra-arterial and pulmonary artery

catheter. Continuous infusion of norepinephrine was

adjusted to target a mean arterial pressure (MAP) of

70 mmHg. Hypotension after reperfusion was treated

with single-dose administration of epinephrine. Infusion

of norepinephrine was registered throughout surgery.

The regular fluid regimen during surgery consisted of

the combined use of crystalloids, hydroxyethyl starches

(HES), transfusions of red blood cells (RBC), fresh fro-

zen plasma (FFP), and platelets. Albumin 20% (200 cc)

was administered to every recipient at the end of sur-

gery. Standard surgical technique included piggyback

cavocaval anastomosis without the use of a portocaval

shunt or veno-venous bypass. Reperfusion was induced

after portal anastomosis before completion of arterial

and biliary anastomosis. Length of cold ischemia time

(CIT) and warm ischemia time (WIT) and intraopera-

tive blood loss with subsequent transfusion were

recorded. MAP was documented at start of the surgical

procedure, prior to reperfusion, lowest MAP in the first

5 min following reperfusion and then 15, 30, 45, and

60 min after reperfusion. PRS was defined as a decrease

Transplant International 2017; 30: 660–669 661

ª 2016 Steunstichting ESOT

Postreperfusion syndrome & AKI in DBD LT



of >30% in MAP lasting at least 1 min within the first

5 min after reperfusion [24]. The peak serum AST level

in the first 72 postoperative hours was used as a marker

for hepatic IRI. This parameter has previously been

used to describe the effect of hepatic IRI on AKI in liver

transplantation by Leithead et al. and is used as a

marker for early allograft dysfunction as well [1,2,33].

Postoperative serum creatinine levels were collected

daily in the first week after liver transplantation. AKI

was defined according to AKIN criteria [34]: stage 1,

≥1.5 times baseline serum creatinine level or an increase

of 26.5 lmol/l above baseline; stage 2, >2 times baseline

level; and stage 3, >3 times baseline level or requirement

of renal replacement therapy (RRT), all within 48 h.

Postoperative AKI was divided into mild AKI (AKIN

stage 1) and severe AKI (AKIN stage 2 & 3).

The postoperative immunosuppression regimen chan-

ged during the study period. In the first 3.5 years, the

regimen included tacrolimus from postoperative day 0

[target trough serum concentration (C0) of 8–12 lg/l],
prednisolone for 3 months, and intravenous basiliximab

(20 mg) on postoperative day 0 and 4. In the last 3 years,

tacrolimus introduction was delayed until day 5 and

mycophenolate mofetil was added from day 0 and with-

drawn after adequate concentrations of tacrolimus were

reached. The immunosuppression was adjusted in case of

impaired renal function or infection. As a surrogate mar-

ker for potential tacrolimus nephrotoxicity, the highest

trough serum tacrolimus level (C0) in the first postopera-

tive week was recorded. Length of hospital and intensive

care unit (ICU) stay, recipient survival, and graft survival

up to 1 year were documented. All major postoperative

complications during hospitalization were documented

where major postoperative complications were defined as

grade ≥3a by the Clavien–Dindo classification [35].

Statistical analysis

Data were analyzed using IBM SPSS Statistics version 21

(IBM Corporation, Armonk, NY, USA). Continuous

variables were tested for normality with the Shapiro–
Wilk test. The Student’s t-test and the one-way analysis

of variance (ANOVA) were used to compare normally dis-

tributed continuous variables. Nonparametric continu-

ous variables were compared using the Mann–Whitney

U-test. To compare categorical variables, the chi-square

test or the Fisher’s exact test was used. P-values <0.05
were considered statistically significant. Continuous vari-

ables were expressed as mean with standard deviation

(SD) or median and interquartile range (IQR), where

appropriate. Long-term survival rates were estimated

using Kaplan–Meier methods. Recipient, donor, and

perioperative variables with a P-value <0.1 in univariable

analysis were included in a multiple logistic regression

model to identify predictors for postoperative AKI.

Results

Patient selection

During the study period, 206 patients underwent first

DBD liver transplantation of which 155 were included.

Forty-eight recipients were excluded: 36 for acute liver

failure, three with retransplantation within the first

week of follow up, three LDLT, four combined liver–
kidney transplantations, and two recipients who devel-

oped AKI prior to liver transplantation. Additionally,

three recipients were excluded because of incomplete

intraoperative data.

Recipient, graft, and surgical characteristics

Table 1 shows the preoperative recipient and graft char-

acteristics. Two-third (68%) of the recipients were men

and median age was 54 years. The majority of etiology

of liver diseases could be divided into three groups: bil-

iary cirrhosis (39%), viral hepatitis (19%), and postalco-

holic cirrhosis (15%). Median labMELD score was 16

and median preoperative recipient’ creatinine levels

were 72 lmol/l. Surgical characteristics are displayed in

Table 2. Median length of CIT and WIT was, respec-

tively, 6.2 h and 28 min. Median blood loss during sur-

gery was 4.0 l. PRS was observed in 53 (34%) of the

recipients and the mean decrease in MAP postreperfu-

sion was 14 mmHg. Median average dose of continuous

norepinephrine infusion was 0.17 lg/kg/min. The peak

postoperative serum AST level was 930 U/l. The induc-

tion of tacrolimus therapy was in 65 (42%) of the recip-

ients before the fifth postoperative day. The median

highest peak C0 in this group was 6.4 lg/l.

Postoperative AKI

Sixty-one recipients (39%) developed AKI in the first

week, of whom 71% developed AKI within the first

2 days. Of this 61 recipients, 47 recipients (77%) devel-

oped mild AKI (AKIN stage 1) and 14 recipients (23%)

developed severe AKI (AKIN stage 2: 8 recipients; AKIN

stage 3: 6 recipients). RRT was required in 5 of the 61

recipients (8%) during their hospital stay. To identify

factors associated with postoperative AKI, an univariable

and subsequent multiple logistic regression analysis was
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performed. Preoperative serum creatinine and eGFR,

length of CIT and WIT, RBC transfusion, occurrence of

PRS, and average dose of norepinephrine infusion dur-

ing surgery were associated with the development of

postoperative AKI as shown in Table 3. These factors

were subsequently included in the multiple logistic

regression analysis, as shown in the right section of

Table 3. Length of CIT (OR 1.302; 95% CI 1.067–1.590;
P = 0.009), length of WIT (OR 1.064; 95% CI 1.002–
1.130; P = 0.030) and the occurrence of PRS (OR 2.283;

95% CI 1.061–4.915; P = 0.035) were significantly asso-

ciated with the development of postoperative AKI.

Impact of postreperfusion syndrome and hepatic IRI

on development of AKI

Postoperative AKI was significantly more observed in

recipients with PRS: 28 (53%) compared to 33 (32%)

in recipients without PRS (P = 0.013). The mean

decrease in MAP after reperfusion was 14 (SD 21)

mmHg and significantly more pronounced in recipients

with AKI [19 (SD 23) vs. 10 (SD 19) mmHg;

P = 0.007]. In addition, a significant larger decline in

MAP was observed with increasing AKI severity

(P = 0.012) (Fig. 1). To assess the relation between

PRS and hepatic IRI, postoperative peak serum AST

levels were compared between recipients with and

without PRS. Recipients experiencing PRS had higher

peak AST levels (median 1388 U/l; IQR 785-3027)

compared to recipients without PRS (median 771 U/l;

IQR 601–1362) (P < 0.001). Furthermore, in recipients

with PRS, the postoperative peak AST levels increased

with severity of AKI (P = 0.009), whereas there was no

relation between severity of hepatic IRI and AKI in

recipients without PRS (P = 0.814). After stratification

of the postoperative peak AST levels (Fig. 1), there was

also a significant correlation between the decrease of

MAP at reperfusion and the severity of hepatic IRI

(P < 0.001).

Table 2. Intraoperative and postoperative characteristics
for recipients undergoing liver transplantation.

Characteristics n = 155

Intraoperative
Cold ischemia time (h) 6.2 (5.3–7.5)
Warm ischemia time (min) 28 (25–33)
Blood loss (l) 4.0 (2.5–6.0)
RBC transfusion (units) 3 (1–6)
Hemodynamics
MAP start operation (mmHg) 89 (16)
MAP decrease at
reperfusion (mmHg)

14 (21)

Postreperfusion syndrome (%) 53 (34)
MAP hour 1 postreperfusion
(mmHg)

68 (8)

Inotropics—norepinephrine
Average dose in surgery
(lg/kg/min)

0.17 (0.10–0.25)

Postoperative
Postoperative peak serum AST (U/l) 930 (637–1752)
Postoperative tacrolimus use
Highest C0 in first week (lg/l) 3.5 (<1.4–7.3)
Start before day 5 postoperative (%) 65 (42)
Highest C0 if start <day
5 (n = 65) (lg/l)

6.4 (4.1–11.1)

AST, aspartate aminotransferase; MAP, mean arterial pres-
sure; RBC, red blood cells. Continuous variables are displayed
as mean (standard deviation) and median (interquartile
range) where appropriate.

Table 1. Preoperative graft and patient characteristics of
liver transplant recipients.

Characteristics n = 155

Graft
Donor risk index 1.81 (0.36)

Recipient
Age (years) 54 (43–60)
Male gender (%) 105 (68)
Etiology of liver disease (%)
Viral hepatitis 30 (19)
Biliary cirrhosis 61 (39)
Postalcoholic cirrhosis 23 (15)
Other 41 (27)

Hepatocellular carcinoma (%) 40 (26)
LabMELD score 16 (10–21)
Creatinine (lmol/l) 72 (59–91)
eGFR (ml/min/1.73 m2) 89 (66–117)
Sodium (mmol/l) 138 (134–141)
Ascites (%)
None 69 (45)
Diuretic controlled 47 (30)
Refractory ascites 39 (25)

Medical history (%)
Hypertension 16 (10)
Coronary artery disease 9 (6)
Hepatorenal syndrome 12 (8)
Diabetes mellitus

None 119 (77)
Noninsulin dependent 10 (7)
Insulin dependent 26 (17)

eGFR, estimated glomerular filtration rate; MELD, model for
end-stage liver disease. Continuous variables are displayed as
mean (standard deviation) and median (interquartile range)
where appropriate.
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Consequences of AKI

Median length of ICU stay was 3 (IQR 2–5) days in

recipients with AKI, compared to 2 (IQR 2–3) days in

the control group (P = 0.003). Furthermore, median

length of hospital stay was 1 week longer in recipients

with AKI with 24 (IQR 19–35) days, compared to 17

(IQR 14–27) days in the control group (P < 0.001). In-

hospital morbidity correlated well with AKI severity:

The occurrence of at least one major postoperative

complication increased with severity of AKI: 30 (32%)

of recipients without AKI had a major complication,

compared to 31 (66%) for recipients with mild AKI and

12 (86%) with severe AKI (P < 0.001). In-hospital mor-

tality increased with severity of AKI as well: 2 (2%) of

the recipients without AKI died during hospital stay,

compared to 5 (11%) and 4 (29%) recipients with,

respectively, mild and severe postoperative AKI

(P < 0.001). The impact of AKI on recipient survival

continued until 1 year postoperative, which is displayed

in Fig. 2. Overall estimated one-year recipient survival

was 88% and decreased with AKI severity (overall log

rank P < 0.001). Moreover, the mild AKI group had a

significantly lower survival compared to the control

group (log rank P = 0.026). The overall estimated one-

year graft survival was 84% with no difference in graft

Table 3. Univariable and multiple logistic regression analysis of variables associated with acute kidney injury.

Univariable analysis Multiple logistic regression analysis

Odds ratio 95% CI P-value Odds ratio 95% CI P-value

Recipient
Age 0.990 0.962–1.018 0.462
Male gender 0.627 0.309–1.275 0.197
Etiology of liver disease
Viral hepatitis 1.000
Biliary cirrhosis 0.976 0.386–2.469 0.958
Postalcoholic cirrhosis 1.538 0.502–4.718 0.451
Other 2.100 0.972–5.569 0.136

LabMELD score 1.030 0.990–1.072 0.138
Serum creatinine 1.008 1.000–1.016 0.047 1.004 0.995–1.014 0.348
eGFR 0.992 0.993–1.001 0.082
Sodium 1.008 0.948–1.072 0.806
Medical history
Refractory ascites 1.360 0.610–3.030 0.452
Hypertension 1.623 0.575–4.582 0.361
Coronary artery disease 1.249 0.322–4.848 0.748
Hepatorenal syndrome 2.307 0.697–7.633 0.171
IDDM 1.191 0.816–4.513 0.135

Graft
Donor risk index 1.093 0.440–2.713 0.849

Intraoperative
Cold ischemia time 1.244 1.035–1.494 0.020 1.302 1.067–1.590 0.009
Warm ischemia time 1.083 1.027–1.142 0.003 1.064 1.002–1.130 0.030
RBC transfusion 1.134 1.045–1.230 0.003 1.090 0.988–1.203 0.085
Hemodynamics
MAP start operation 0.985 0.965–1.006 0.161
Postreperfusion syndrome 2.342 1.186–4.624 0.014 2.283 1.061–4.915 0.035
MAP hour 1 postreperfusion 1.012 0.978–1.047 0.500
Average dose norepinephrine

≤0.17 lg/kg/min 1.000
>0.17 lg/kg/min 1.783 0.928–3.424 0.082 1.137 0.541–2.392 0.735

Postoperative tacrolimus use
Highest C0 level in first week 0.959 0.896–1.026 0.221
Start < postoperative day 5 0.749 0.388–1.448 0.749

CI, confidence interval; eGFR, estimated glomerular filtration rate; IDDM, insulin-dependent diabetes mellitus; MAP, mean arte-
rial pressure; MELD, model for end-stage liver disease; RBC, red blood cells, the bold values in the right part of the table are
factors significantly associated with development of AKI.
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survival observed between recipients with no AKI (91%)

and mild AKI (80%) (P = 0.072).

Discussion

In this study, we observed AKI in 39% of DBD graft

recipients, which is in line with earlier published studies

[1–6]. Confirming our hypothesis, AKI was more fre-

quently observed in recipients who experienced PRS dur-

ing liver transplantation. We also showed that the

decrease in MAP immediately after reperfusion correlated

well with severity of AKI. Multivariable analysis identified

PRS as an independent risk factor for AKI: If recipients

experienced PRS, the odds of developing AKI showed a

more than twofold increase. The other subject of our

hypothesis was the relation between the severity of hep-

atic IRI and the extent of hemodynamic instability after

reperfusion and that PRS is an early manifestation of sev-

ere hepatic IRI. Our results confirm this hypothesis: The

decrease in MAP directly after reperfusion correlated well

Figure 1 Decrease in mean arterial

pressure after reperfusion for severity

of acute kidney injury (left) and

hepatic ischemia/reperfusion injury

(right).

Figure 2 Kaplan–Meier survival table

for recipient survival, divided into

groups of severity of acute kidney

injury.
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with postoperative peak AST levels and recipients with

PRS had significant higher peak AST levels as well. Leit-

head et al. [2] previously observed a relationship between

hepatic IRI and AKI when DBD grafts are used. Our

results do not only confirm this theory, but also provide

new insight in this process. The extent of hepatic IRI is

displayed by the amount of hemodynamic instability after

reperfusion and severe hepatic IRI with subsequent

occurrence of PRS can be predictive for the development

of postoperative AKI.

Acute kidney injury after liver transplantation has

previously been related to the use of expanded criteria

donor (ECD) organs, such as DCD grafts [1,14]. Pau-

gam-Burtz et al. [25] were the first to describe a rela-

tion between PRS and postoperative renal failure.

Fonseca-Neto et al. [36] described a positive correlation

between PRS and AKI in liver transplantation per-

formed using conventional surgical technique without

veno-venous bypass. In a cohort of living donor liver

transplant recipients, Park et al. [37] correlated the

occurrence of PRS with postoperative AKI as well.

However, we are the first to describe a dose–effect rela-
tionship between the extent of hemodynamic instability

and the severity of renal injury. In our cohort, the

decrease in MAP correlated well with the severity of

postoperative AKI (Fig. 1). Ekser et al. [38] demon-

strated in patients requiring combined liver–kidney
transplantation that delaying the kidney transplantation

beyond 48 h after LT yielded significantly better renal

outcomes than simultaneous kidney. This contributes to

our hypothesis that renal function is especially vulnera-

ble in the first hours after reperfusion, a phase charac-

terized by hemodynamic instability and the release of

pro-inflammatory cytokines caused by hepatic IRI.

Acute kidney injury after liver transplantation is mul-

tifactorial of origin and in our study PRS occurred in

46% of recipients with postoperative AKI. So others fac-

tors are likely to contribute to development of AKI as

well. Therefore, we performed a multiple logistic regres-

sion analysis. PRS was an independent factor associated

with AKI in this model with an odds ratio of 2.3. In

previous studies, numerous preoperative factors are

ascribed to influence development of AKI, such as age,

female sex, severity of liver disease, and renal function

[3,7,10]. The preoperative creatinine levels were signifi-

cantly higher in the AKI group in the univariate analy-

sis. However, this factor was not a significant

contributor to the development of AKI in the multiple

logistic model, which is in line with numerous previous

studies [2,7,14]. Next to PRS, several factors related to

the transplant procedure were identified. We described

that increase of both cold and warm ischemia periods

contributes to postoperative AKI when DBD grafts are

used. These ischemia periods are both known factors to

worsen hepatic IRI, but only WIT has earlier been

linked to development of AKI [21,39–41]. To our

knowledge, CIT has not been related to AKI before.

Liver transplantation is high-risk surgery with substan-

tial blood loss which increases the risk for periods of

hypotension, a classical risk factor for AKI after major

surgery [42,43]. In our univariable logistic regression,

the influence of blood loss during surgery on AKI is

illustrated by the requirement of RBC transfusion, but

in the multiple logistic regression model with other fac-

tors, RBC transfusion requirement was not contributing

to AKI. Tacrolimus has an important role in the

immunosuppression after liver transplantation and is

known for its nephrotoxicity [11–13]. Over two-third of

the recipients developed AKI within the first two post-

operative days, but in the majority of patients (58%),

the introduction of tacrolimus was delayed until day 5.

Of the recipients who received tacrolimus before day 5,

the highest trough levels (C0) were relatively low and

comparable in recipients with and without AKI. This

could explain why exposure to tacrolimus did not influ-

ence AKI development in our model. Furthermore, the

fluid regimen during surgery might also contribute to

the development of AKI. The usage of HES during liver

transplantation has been linked with postoperative AKI.

However, this effect was only seen when it was not

combined with albumin [44]. Although HES is regularly

used in our perioperative regimen, we consider its effect

on AKI limited since all patients routinely received

intravenous albumin. This study has several limitations;

the retrospective design has its inherent shortcomings.

One-third of the recipients were excluded, but our strict

exclusion criteria yielded a more homogenous popula-

tion where preoperative renal injury was minimal. The

majority of the excluded recipients were transplanta-

tions for acute liver failure and retransplantations. The

retransplantation rate in our cohort is relatively high,

due to the increased use of DCD grafts. The retrospec-

tive design of this study could have given rise to varying

perioperative management, but our institution has a

well-implemented transplant protocol. Opposed to ear-

lier studies, we assessed renal injury using serum crea-

tinine levels only during the first week. This shorter and

fixed period prevents confounders such as surgical and

infectious complications that occur beyond the first

postoperative week. Moreover, we strictly followed

AKIN criteria, being the most sensitive AKI definition

at present. To our knowledge, our study is the first to
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link PRS to the development of AKI after DBD liver

transplantation using these strict AKIN criteria.

The importance of inclusion of recipients with rela-

tively mild AKI (AKIN stage 1) is underlined by the

observed morbidity and increased mortality. Recipients

who developed mild AKI did experience more major

complications and hospital mortality was higher com-

pared to the control group. This effect carried on as

reflected in the impaired one-year survival in recipients

with mild AKI. Given the impact of AKI on recipient

outcomes in our study, there is an obvious need to pre-

vent renal injury. Protection against hemodynamic

instability after reperfusion using vasopressor agents

could be a feasible preventive intervention. Ryu et al.

[44] studied the effect of vasopressor therapy before

reperfusion on the occurrence of PRS. Occurrence of

PRS decreased with vasopressor pretreatment, being

either phenylephrine or epinephrine, compared to

placebo. However, this relatively small study did not

investigate postoperative renal injury and no difference

in-hospital mortality or hospital length of stay was

observed. These results raise the question whether PRS,

or hepatic IRI in general, should be the focus of an

intervention to preserve postoperative renal function.

Other effects of hepatic IRI associated with renal injury

—such as the release of pro-inflammatory cytokines—
are not reflected by PRS [20,45,46]. The exact effects of

hepatic IRI on the kidney are complex, but experimen-

tal murine studies showed renal injury characterized by

renal tubular necrosis, inflammatory changes, and inter-

stitial capillary endothelial apoptosis [47].

These inflammatory responses of the kidney to hep-

atic IRI suggest that solely preventing the hemodynamic

instability after reperfusion might not be enough to pre-

serve renal function. Other ways to reduce hepatic IRI

are surgical techniques such as initial arterial reperfu-

sion or stepwise portal reperfusion that are suggested to

improve hemodynamic stability after reperfusion. This

could also prevent the sudden release of cold compo-

nents and pro-inflammatory cytokines in the systemic

circulation and perhaps limit hepatic IRI. Other emerg-

ing strategies to minimalize hepatic IRI are hypothermic

or normothermic oxygenated perfusion of the graft.

These preservation methods have already shown in ani-

mal models to reduce postoperative biliary injury and

immune response in DCD liver transplantation [48–51].
In this setting, the occurrence of PRS could also be used

as an early measurement of hepatic IRI. Furthermore, the

occurrence of PRS allows early identification—within

minutes after reperfusion—of recipients at risk for AKI

and enables early preventive measures to minimize addi-

tional renal injury after reperfusion. This could trigger

adjustment of postoperative fluid management, delayed

introduction of calcineurin inhibitors, and other nephro-

toxic medication.

In conclusion, our study confirmed that AKI is an

important complication after DBD liver transplantation

as even mild postoperative AKI has a substantial impact

on recipient outcomes including survival. Hepatic IRI is

a known factor to influence development of AKI and

the severity of hepatic IRI correlates with the extent of

hemodynamic instability after reperfusion during trans-

plantation. PRS, as a reflection of severe hepatic IRI, is

predictive for development of AKI and allows early

identification of patients at risk and could create oppor-

tunities to limit postoperative renal injury.

Authorship

MK: Participated in the design of the study, data collec-

tion, performance of research, writing of the article, and

data analysis. JEdH: Participated in the design of the

study, performance of research, writing of the article

and data analysis. DAH: Participated in writing of the

article and performance of research. WGP: participated

in writing of the article and performance of research.

BEH: Participated in writing of the article, data analysis,

and statistical analysis. JNMI: Participated in writing of

the article and performance of research. DG: Partici-

pated in writing of the article and performance of

research. HJM: Participated in writing of the article and

performance of research. JdJ: Participated in the design

of the study, performance of research, writing of the

article, and data analysis.

Funding

No financial support was received.

Conflicts of interest

The authors have no conflicts of interest to disclose.

Acknowledgements

We thank all members of the Erasmus MC University

Medical Center Liver Transplant Team for their

support.

Transplant International 2017; 30: 660–669 667

ª 2016 Steunstichting ESOT

Postreperfusion syndrome & AKI in DBD LT



REFERENCES

1. Leithead JA, Tariciotti L, Gunson B,
et al. Donation after cardiac death liver
transplant recipients have an increased
frequency of acute kidney injury. Am J
Transplant 2012; 12: 965.

2. Leithead JA, Armstrong MJ, Corbett C,
et al. Hepatic ischemia reperfusion
injury is associated with acute kidney
injury following donation after brain
death liver transplantation. Transpl Int
2013; 26: 1116.

3. O’Riordan A, Wong V, McQuillan R,
McCormick PA, Hegarty JE, Watson AJ.
Acute renal disease, as defined by the
RIFLE criteria, post-liver transplantation.
Am J Transplant 2007; 7: 168.

4. Chen J, Singhapricha T, Hu K-Q, et al.
Postliver transplant acute renal injury
and failure by the RIFLE criteria in
patients with normal pretransplant
serum creatinine concentrations: a
matched study. Transplantation 2011;
91: 348.

5. Barri YM, Sanchez EQ, Jennings LW,
et al. Acute kidney injury following liver
transplantation: definition and outcome.
Liver Transpl 2009; 15: 475.

6. Lebr�on Gallardo M, Herrera Gutierrez
ME, Seller P�erez G, Curiel Balsera E,
Fern�andez Ortega JF, Quesada Garc�ıa G.
Risk factors for renal dysfunction in the
postoperative course of liver transplant.
Liver Transpl 2004; 10: 1379.

7. Hilmi IA, Damian D, Al-Khafaji A,
et al. Acute kidney injury following
orthotopic liver transplantation: incidence,
risk factors, and effects on patient and
graft outcomes. Br J Anaesth 2015; 114:
919.

8. Ojo AO, Held PJ, Port FK, et al. Chronic
renal failure after transplantation of a
nonrenal organ. N Engl J Med 2003; 349:
931.

9. Hobson C, Ozrazgat-Baslanti T,
Kuxhausen A, et al. Cost and mortality
associated with postoperative acute
kidney injury. Ann Surg 2014; 261: 1207.

10. Klaus F, Keitel da Silva C, Meinerz G.
Acute kidney injury after liver
transplantation: incidence and mortality.
Transplant Proc 2014; 46: 1819.

11. Iglesias JI, DePalma JA, Levine JS. Risk
factors for acute kidney injury following
orthotopic liver transplantation: the
impact of changes in renal function while
patients await transplantation. BMC
Nephrol 2010; 11: 30.

12. Utsumi M, Umeda Y, Sadamori H,
et al. Risk factors for acute renal injury
in living donor liver transplantation:
evaluation of the RIFLE criteria. Transpl
Int 2013; 26: 842.

13. Chuang F-R, Lin C-C, Wang P-H, et al.
Acute renal failure after cadaveric related

liver transplantation. Transplant Proc
2004; 36: 2328.

14. Leithead JA, Rajoriya N, Gunson BK,
Muiesan P, Ferguson JW. The evolving
use of higher risk grafts is associated with
an increased incidence of acute kidney
injury after liver transplantation. J Hepatol
2014; 60: 1180 epub; ahead of print.

15. Eurotransplant International Foundation.
Annual Report 2013.

16. Kim WR, Lake JR, Smith JM, et al. OPTN/
SRTR 2013 annual data report: liver. Am J
Transplant 2015; 15(Suppl. 2): 1.

17. Wanner GA, Ertel W, M€uller P, et al.
Liver ischemia and reperfusion induces
a systemic inflammatory response
through Kupffer cell activation. Shock
1996; 5: 34.

18. Girn HRS, Ahilathirunayagam S, Mavor
AID, Homer-Vanniasinkam S.
Reperfusion syndrome: cellular
mechanisms of microvascular dysfunction
and potential therapeutic strategies. Vasc
Endovascular Surg 2007; 41: 277.

19. Lentsch AB, Kato A, Yoshidome H,
McMasters KM, Edwards MJ. Inflam-
matory mechanisms and therapeutic
strategies for warm hepatic ischemia/
reperfusion injury. Hepatology 2000; 32:
169.

20. Schrier RW, Wang W. Acute renal
failure and sepsis. N Engl J Med 2004;
351: 159.

21. Ali JM, Davies SE, Brais RJ, et al. Analysis
of ischemia/reperfusion injury in time-
zero biopsies predicts liver allograft
outcomes. Liver Transplant 2015; 21: 487.

22. Glanemann M, Langrehr JM, Stange BJ,
et al. Clinical implications of hepatic
preservation injury after adult liver
transplantation. Am J Transplant 2003;
3: 1003.

23. Gaffey MJ, Boyd JC, Traweek ST, et al.
Predictive value of intraoperative
biopsies and liver function tests for
preservation injury in orthotopic liver
transplantation. Hepatology 1997; 25:
184.

24. Aggarwal S, Kang Y, Freeman JA,
Fortunato FL, Pinsky MR. Postreper-
fusion syndrome: hypotension after
reperfusion of the transplanted liver. J
Crit Care 1993; 8: 154.

25. Paugam-Burtz C, Kavafyan J, Merckx P,
et al. Postreperfusion syndrome during
liver transplantation for cirrhosis:
outcome and predictors. Liver Transpl
2009; 15: 522.

26. Hilmi I, Horton C, Planinsic R. The
impact of postreperfusion syndrome on
short-term patient and liver allograft
outcome in patients undergoing ortho-
topic liver transplantation. Liver
Transplant 2008; 14: 504.

27. Pan X, Apinyachon W, Xia W, et al.
Perioperative complications in liver
transplantation using donation after
cardiac death grafts: a propensity-matched
study. Liver Transpl 2014; 20: 823.

28. Fukazawa K, Yamada Y. Hemodynamic
recovery following postreperfusion
syndrome in liver transplantation. J
Cardiothorac Vasc Anesth 2014; 28: 1006.

29. Bukowicka B, Akar RA, Olszewska A,
Smoter P, Krawczyk M. The occurrence of
postreperfusion syndrome in orthotopic
liver transplantation and its significance
in terms of complications and short-term
survival. Ann Transplant 2011; 16: 26.

30. Levey AS, Coresh J, Greene T, et al.
Using standardized serum creatinine
values in the modification of diet in
renal disease study equation for
estimating glomerular filtration rate.
Ann Intern Med 2006; 145: 247.

31. Gin�es P, Angeli P, Lenz K, Møller S,
Moore K, Moreau R, Merkel C, Ring-
Larsen H, Bernardi M, Garcia-Tsao G,
Hayes P. EASL clinical practice guidelines
on the management of ascites, sponta-
neous bacterial peritonitis, and hepa-
torenal syndrome in cirrhosis. J Hepatol
2010; 53: 397.

32. Feng S. Characteristics associated with
liver graft failure: the concept of a donor
risk index. Am J Transplant 2006; 6: 783.

33. Olthoff KM, Kulik L, Samstein B, et al.
Validation of a current definition of
early allograft dysfunction in liver
transplant recipients and analysis of risk
factors. Liver Transpl 2010; 16: 943.

34. Mehta RL, Kellum JA, Shah SV, et al.
Acute Kidney Injury Network: report of
an initiative to improve outcomes in
acute kidney injury. Crit Care 2007; 11:
R31.

35. Clavien PA, Barkun J, de Oliveira ML,
et al. The Clavien-Dindo classification
of surgical complications: five-year
experience. Ann Surg 2009; 250: 187.

36. Fonseca-Neto OCLD, Miranda LEC,
Melo PS, Sabat BD, Amorim AG,
Lacerda CM. Predictors of acute kidney
injury in patients undergoing a
conventional orthotopic liver transplant
without veno-venous bypass. ABCD –
Arq Bras Cir Dig 2011; 24: 152.

37. Park MH, Shim HS, Kim WH, et al.
Clinical risk scoring models for
prediction of acute kidney injury after
living donor liver transplantation: a
retrospective observational study. PLoS
One 2015; 10: e0136230.

38. Ekser B, Goggins W, Mangus R, et al.
Delayed kidney transplant in combined
liver-kidney transplantation improves
GFR and patient survival.
Transplantation 2015; 99: 85:O1.

668 Transplant International 2017; 30: 660–669

ª 2016 Steunstichting ESOT

Kalisvaart et al.



39. Franco-Gou R, Mosbah IB, Serafin A,
Abdennebi HB, Rosell�o-Catafau J,
Peralta C. New preservation strategies
for preventing liver grafts against cold
ischemia reperfusion injury. J
Gastroenterol Hepatol 2007; 22: 1120.

40. Chu MJJ, Hickey AJR, Phillips ARJ,
Bartlett ASJR. The impact of hepatic
steatosis on hepatic ischemia-
reperfusion injury in experimental
studies: a systematic review. Biomed Res
Int 2013; 2013: 192029.

41. Barreto AGC, Daher EF, Silva GB, et al.
Risk factors for acute kidney injury and 30-
day mortality after liver transplantation.
AnnHepatol 2015; 14: 688.

42. Walsh M, Devereaux PJ, Garg AX, et al.
Relationship between intraoperative mean
arterial pressure and clinical outcomes
after noncardiac surgery: toward an
empirical definition of hypotension.
Anesthesiology 2013; 119: 507.

43. Aronson S, Phillips-Bute B, Stafford-
Smith M, et al. The association of

postcardiac surgery acute kidney injury
with intraoperative systolic blood
pressure hypotension. Anesthesiol Res
Pract 2013 Jan; 2013: 174091.

44. Ryu H-G, Jung C-W, Lee H-C, Cho Y-
J. Epinephrine and phenylephrine
pretreatments for preventing
postreperfusion syndrome during adult
liver transplantation. Liver Transpl 2012;
18: 1430.

45. Lee HT, Kim M, Kim JY, et al. Critical
role of interleukin-17A in murine
intestinal ischemia-reperfusion injury.
Am J Physiol Gastrointest Liver Physiol
2013; 304: G12.

46. Zhang M, Ueki S, Kimura S, et al. Roles
of dendritic cells in murine hepatic
warm and liver transplantation-induced
cold ischemia/reperfusion injury.
Hepatology 2013; 57: 1585.

47. Lee HT, Park SW, Kim M, D’Agati VD.
Acute kidney injury after hepatic
ischemia and reperfusion injury in
mice. Lab Invest 2009; 89: 196.

48. Schlegel A, Kron P, Graf R, Clavien P-
A, Dutkowski P. Hypothermic
Oxygenated Perfusion (HOPE)
downregulates the immune response in
a rat model of liver transplantation. Ann
Surg 2014; 260: 931; discussion 937–8.

49. Schlegel A, Graf R, Clavien P-A,
Dutkowski P. Hypothermic oxygenated
perfusion (HOPE) protects from biliary
injury in a rodent model of DCD liver
transplantation. J Hepatol 2013; 59: 984.

50. Boehnert MU, Yeung JC, Bazerbachi F,
et al. Normothermic acellular ex vivo
liver perfusion reduces liver and bile duct
injury of pig livers retrieved after cardiac
death. Am J Transplant 2013; 13: 1441.

51. Liu Q, Nassar A, Farias K, et al.
Sanguineous normothermic machine
perfusion improves hemodynamics and
biliary epithelial regeneration in
donation after cardiac death porcine
livers. Liver Transpl 2014; 20: 987.

Transplant International 2017; 30: 660–669 669

ª 2016 Steunstichting ESOT

Postreperfusion syndrome & AKI in DBD LT


