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Abstract
Background and Aims: Using grafts from donors after cardiac death (DCD) in�uence the risk of acute
kidney injury (AKI) after liver transplantation (LT). The goal of this study is to develop a novel prediction
model that quanti�es the impact of each risk factor on AKI after transplantation using DCD grafts.

Methods: Total of 132 patients undergoing LT using DCD grafts were evaluated retrospectively to develop
a prediction model using the Cox proportional hazards regression model. The independent validation
cohort included 112 patients recruited prospectively in the same institution. 

Results: Overall, 103 (42.2%) of the recipients developed AKI. A prediction score model included �ve risk
factors leading to a range of -2 to 8 score points was establishment. The predicted probability of AKI by
the Model for End-Stage Liver Disease (MELD) score≥15 alone was 43.9% rising to 85.3% when
combined with cold ischemia time (CIT) ≥ 7 hours. Excessive red blood cell (RBC) transfusions during
operation also attribute to AKI. Surprisingly, a mild elevate AST pre-transplant was negative with the AKI,
while mechanical ventilation ≥ 40 hours was associate with AKI after LT. Three risk classes were de�ned
based on the risk of AKI: high (30%), medium (11-29%), and low (10%). Model �ts were adequate in both
derivation (P=0.3185) and validation cohorts (P=0.3247).

Conclusion: MELD score and CIT were the key determinants of post-LT AKI using DCD grafts. Improved
organ preservation techniques and other strategies reducing the IRI may lower the risk of AKI.

Introduction
Acute kidney injury (AKI) is the most prevalent complication following liver transplantation (LT), with a
prevalence ranging from 25–70% depending on the chosen de�nition of AKI [1–3]. Post-transplant AKI is
associated with the increase of morbidities and mortality of liver recipients [4,5]. Although various risk
factors have been identi�ed and preventive measures have been proposed for avoiding nephrotoxic
medications and hyperglycemia, as well as optimizing hemodynamics during surgery, but the incidence
of perioperative acute kidney injury has remained unchanged [1,6–8,9]. It maybe duo to the signi�cant
changes of liver transplantation, such as the expansion of donation criteria and the switch of transplant
allocation strategy to MELD score-based system.

The use of organs from donation after cardiac death (DCD) has become an established routine but
increases the risk of AKI [10]. This risk is further aggravated by ischemia reperfusion injury (IRI) during the
process of transplantation [11]. Organ preservation technology has advanced that can be applied
clinically in DCD liver grafts to reduce IRI [12,13]. The necessary of demanding a preservation technology
to ameliorate IRI is need to be evaluated, and also need for assessment of other risk factors prior to
transplantation. Therefore, our goal is to establish a model to predict the risk of AKI in patients receiving
DCD donor liver transplantation, and quantify the risk of each risk factor to AKI, which provide basis for
adoption preventive measures.
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Methods
All adult recipients who received grafts from DCD donors at the liver transplantation center of Beijing
You’an Hospital, Capital Medical University, from November 2016 to June 2018 were enrolled. The
medical records including preoperative, intraoperative, and postoperative data for up to 7 days were
retrospectively assessed to develop this prediction model. Exclusion criteria were renal replacement
therapy (RRT) or serum creatinine (SCr) > 1.5mg/dl before the LT, combined liver-kidney transplantation,
pediatric or pregnancy patients, and the patients who discharge or death within 24 hours from operation.

Data collection
Pre-operative data included age, sex, body mass index (BMI), underlying liver disease, laboratory
examination results, Model for End-Stage Liver Disease (MELD) score and Childs- Pugh-Turcott scores.
Comorbidities and complications were also recorded.

Intra-operative data included surgical type, operative time, cold ischemia time (CIT), warm ischemia time,
intraoperative blood loss, red blood cells (RBCs) transfusion, fresh frozen plasma transfusion, total
intravenous infusion, and urine output.

Post-operative data included postoperative complications, peak serum ALT, AST, and SCr, need for RRT,
mechanical ventilation (MV), hospital days, and follow-up duration.

AKI De�nition
Post-LT AKI was de�ned according to the Kidney Disease Improving Global Outcomes (KDIGO) criteria
[14], that is an increase in SCr by ≥ 26.5 umol/L within 48h or an increase in SCr to ≥ 1.5 times baseline
within the �rst 7 postoperative days. AKI was classi�ed into 3 stages: AKI stage 1 (AKI-1) with SCr to ≥ 
26.5 umol/L or increase to 1.5–1.9-fold from baseline; AKI stage 2 (AKI-2), increase to 2–2.9-fold; AKI
stage 3 (AKI-3), increase > 3-fold or increase in SCr to ≥ 354 umol/L or the initiation of RRT. Baseline SCr
was identi�ed as the �rst SCr measurement during hospitalization.

Model validation
AKI score model was prospectively validated in a new data set of 112 patients recruited in the same
institution in the other period (July 2018 to January 2020). The exclusion criteria of the validation cohort
were the same as those of the derivation cohort.

Statistical analysis
Baseline characteristics were compared using student- t-test for continuous variables and chi-square test
for categorical variables as appropriate. For the development of the �nal prediction model, continuous
variables were categorized according to the in�ection point on the ROC curve and categorical variables
underwent to χ2 tests.
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Cox proportional hazard regression models were used to determine risk factors and prediction model
using a score-based method [15]. All signi�cant factors in univariable analysis (p < 0.5) were further
analyzed by the multivariable stepwise regression method, and p-value < 0.05 was used as the inclusion
threshold. The probabilities of AKI for all possible cumulative prediction scores were estimated according
to the formula

p = 1 − Sexp ∑ p
i=1βiXi− ∑ p

i=1βi
−
X i

0
where S0 is the baseline disease-free probability, βi is the regression coe�cient for the ith variable, and Xi

is the actual level for the ith variable, and 
−
X i is the mean level for the ith variable.

Calibration of the prediction model was assessed by comparing the predicted probability of three AKI risk
groups to the actual probability. Model �t was assessed using the Hosmer– Lemeshow goodness-of-�t
test. Statistical signi�cance was determined by 2-tailed tests (p < 0.05). The statistical analyses were
performed using SAS 9.4 (Windows, SAS Institute, Inc., Cary, NC, USA).

Results

Baseline characteristics
141 adult patients who received a deceased donor transplant were enrolled in the derivation cohort, 9
patients were excluded from the study for the following reasons: AKI prior to liver transplantation (n = 7)
and retransplantation (n = 2). In the validation cohort, 119 patients were recruited, 7 cases were excluded:
5 patients with AKI prior to liver transplantation and 2 cases with retransplantation. Finally, 132 patients
were included in the derivation cohort and 112 in the validation cohort. The baseline characteristics of the
derivation and validation cohorts are shown in Table 1. Patients in both cohorts were mostly male and
the most common etiology of liver disease was hepatitis B. More recipients in cohort study combined
with hypertension (6.8% vs. 14.3%; p = 0.0017). Importantly, no differences were observed for serum
creatinine levels in both cohort(median 60 umol/l vs 62 umol/l; p = 0.271)before LT. CIT was longer in the
derivation cohort (median 5.5 vs. 4 h; p < 0.0001). Overall, 103 (42.2%) of the recipients developed AKI,
which was 49 (37.1%) in derivation cohort, compared to 54 (48.2%) in validation cohort (p = 0.084).
Additionally, 7 (5.5%) of the recipients in the derivation cohort required postoperative RRT, and 9 (8.0%)
recipients in the validation cohort needed RRT (Table 2).

( )
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Table 1
Characteristics of patients in developing and validation cohorts. Data are shown as medians and
interquartile ranges and numbers (%). The p-value is obtained using a t-test or chi-square test as

appropriate.
Characteristics Derivation Cohort

(n = 132)

Validation Cohort

(n = 112)

Value

Age, years 52(45,59) 54(45.8,61) 0.1150

Male gender (%) 114(86%) 93(83%) 0.4702

BMI 24.7(22.3,26.7) 24.5(21.7,26.2) 0.3610

Etiology of liver disease (%)      

Hepatitis B(%) 87(65.9%) 66(58.9%) 0.1377

Hepatitis C(%) 5(3.8%) 8(7.1%)  

Alcoholic(%) 21(15.9%) 12(10.7%)  

Other(%) 19(14.4%) 26(23.2%)  

HCC (%) 69(52.3%) 64(57.1%) 0.4465

sCR, µmol/l 60(49,71) 62(52,70) 0.8813

MELD score 9(6,15) 10(6,18) 0.4088

AST u/l 42.2(28,71.2) 49(31,93) 0.559

Medical history      

Hypertension(%) 9(10.8%) 9(18.3%) 0.3261*

DM(%) 4(4.8%) 5(10.2%)  

Hypertension + DM 2(2.4%) 2(4.1%)  

CIT (hours) 7(5.5,8.6) 5(4,5.3) < 0.0001

RBCs transfusion (ml) 1600(800,400) 1600(800,2000) 0.3478

MV (hours) 26.5(17.8,47.3) 32(15.8,60) 0.7869

BMI body mass index, HCC hepatocellular carcinoma, DM diabetes mellitus, MELD Model for End-
stage Liver Disease, sCR serum creatinine, AST aspartate aminotransferase, CIT cold ischemia time,
RBC red blood cell transfusion, MV mechanical ventilation



Page 6/13

Table 2
Development of AKI after liver transplantation in both cohorts. Values are presented as numbers

(%). The p-value is obtained using a chi-square test.

  Derivation cohort cohort(n = 132) Validation cohort

(n = 112)

Total

(n = 244)

-value

No AKI 83(62.9%) 58(51.8%) 141(57.8%) 0.0804

Overall AKI 49(37.1%) 54(48.2%) 103(42.2%)  

AKI stage 1 21(15.9%) 25(22.3%) 46(18.9%)  

AKI stage 2 18(13.6%) 16(14.3%) 34(13.9%)  

AKI stage 3 10(7.6%) 13(11.6%) 23(9.4%)  

RRT 7(5.3%) 9(8%) 16(6.6%)  

AKI acute kidney injury, RRT renal replacement treatment

model established
The risk variables associate with AKI are analysised using multivariable Cox proportional hazards models
(Fig. 1). Five factors were identi�ed as the strongest predictors included in �nal prediction model:
preoperative AST ≥ 40u/l, CIT ≥ 7 hours, intraoperative RBC transfusion ≥ 1800ml, post-OLT MV ≥ 40
hours, pre-operative MELD score ≥ 15, leading to a range of 0–25 score points (Table 3). The cumulative
incidence of AKI increased exponentially with every single point of the AKI prediction score (Fig. 2).
Participants were divided into three risk groups according to the probability of developing AKI: low (< 
10%), intermediate (11–29%) and high risk (≥ 30%). The predicted risks of AKI were 7.1%, 22.6%, and 61.
3% for the three risk categories matching with the observed risk 7.7%, 19.6%, and 55.6%. The calibration
was good and Hosmer–Lemeshow test for the new model showed a nonsigni�cant difference between
predicted and observed risks (P = 0.3185) (Fig. 3a).



Page 7/13

Table 3
Multivariate analysis of risk factors for the development of AKI prediction model score

  Hazard
ratio

95% CI Coe�cient
β

P-Value Points

Pre-op AST < 40u/l       0.0143 0

≥ 40 u/l 0.386 0.18–0.827 -0.9512 -2

CIT < 7 hours       0.005 0

≥ 7 hours 2.841 1.37–5.888 1.0440 2

RBCs
transfusion

< 1800 ml       0.0495 0

≥ 1800 ml 2.064 1.002–4.251 0.7244 1

MV < 40 hours       0.0011 0

≥ 40
hours

3.123 1.58–6.175 1.1389 2

MELD score < 15       < 
0.0001

0

≥ 15 5.937 2.544–
13.854

1.7812 3

Pre-op AST Preoperative aspartate aminotransferase, CIT cold ischemia time, RBCs red blood cells
transfusion, MV mechanical ventilation, MELD Model for end-stage liver Disease

Validation of the new prediction model
In a new data set of 112 patients, the AKI score was prospectively validated. The prediction risk of AKI
was 6.3%, 20.7%, and 63%, for the three risk categories established based on the predicted AKI.
Meanwhile, the actual incidence of AKI in each risk category was 6.0%, 31.6%, and 67.9%. The Model �ts
were adequate in the derivation cohort (P = 0.3185) (Fig. 3b).

Discussion
The overall incidence of AKI following LT using grafts from DCD in this study was 42.2%, which is similar
to those used living donor liver grafts or partly used DCD donors [1,3,16]. CIT reduction may be the reason
as CIT is an important risk factor for the development of AKI [7]. The most DCD donors come from our
organ procurement organization for transplantation at our center, allowing us to keep the CIT short. As
expected, MELD score pre-operative of recipient and CIT of graft were the most important factors
following LT. The predictive risk of post-LT AKI when recipient with a MELD score ≥ 15 alone was 43.9%.
The risk increases in the presence of prolonged CIT and excess RBC transfusions, especially the donor
CIT ≥ 7 hours, the incidence of AKI will rise to 85.3%.

Surprisingly, Cox multivariate stepwise regression revealed that a mild increase in AST pre- LT was
negatively associated with AKI. However, AST was not an independent predictor of AKI in univariate
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analysis, implying that AST indirectly affects AKI through ischemia preconditioning (IP), a method that
may alleviate IRI injury [17]. This is consistent with the �ndings of another study, which found that mild
injury of renal function prior to OLT may protect against AKI post-OLT via the IP [18]. IP is another method
with extensive preclinical evidence that has a protective effect on the graft and other organs, but clinical
evidence has been more ambiguous [19]. But from the pathophysiological mechanism, there is hope for
reducing IRI through IP.

The �fth predictor was mechanical ventilation duration that more than 40 hours post-operation
potentially increasing the risk of AKI. This may be controversial for patients who require prolonged
ventilatory support after transplantation are usually severely ill or have a more complicated procedure
than those who extubated early. However, theoretically MV may lead to the development of AKI through
haemodynamic factors or ventilator-induced lung injury by triggering a pulmonary in�ammatory reaction
and subsequent systemic release of in�ammatory mediators [20]. Clinically, prolonged mechanical
ventilation time is a risk factor for AKI 48 hours after surgery [21]. Third, early extubation can improve
splanchnic and liver blood �ow, which may result in better liver graft recovery, which is the foundation of
stabilizing other organs function in liver transplantation [22,23]. Early extubation is feasible and safe in
LT patients, with potential physiologically bene�ts optimal patient outcomes [24]. This does not simply
imply extubating at a speci�c time, but suggests that personalized care for patients on a liver transplant
and early extubation successful is dependent on the recipient's pretransplant condition, intraoperative
events, and clinicians' ability to predict posttransplant complications [25].

This is the �rst model to predict the risk of AKI in liver transplant recipients using DCD grafts, and
evaluated the impact of MELD and CIT on AKI after LT simultaneously, which is more suitable for the
current MELD based liver transplantation policy and donor selection criteria expansion situation.This
prediction model has some limitations: it is a single-center study with a small sample size, false-positive
outcomes are possible. Furthermore, other parameters impacting donor quality, such as age, BMI, and so
on, were not considered. Third, more modi�able risk factors such as low blood pressure and
intraoperative vasopressor use were not included in the model.

In conclusion, signi�cant modi�cations in recipient and donor criteria have a signi�cant impact on the
outcome of liver transplantation. Despite the MELD score and CIT are the most important risk factors for
renal dysfunction in DCD liver transplants, the prognosis may improve due to novel organ preservation
techniques and other methods that can reduce IRI.
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Figures

Figure 1

Forest plot of the risk factors for the development of AKI according to multivariable Cox proportional
hazards models analysis
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Figure 2

The probability of AKI and risk category according to the prediction score

The risk of AKI is calculated according to the �nal score, ranging from a minimum of -2 to a maximum of
8 points. The cumulative incidence of AKI increased exponentially with every single point of the AKI
prediction score. Three risk classes were identi�ed: low, intermediate.: low (risk<10%), intermediate (11-
29%), and high risk (≥30%). For example, MELD score alone is 3, the risk of AKI is high which estimated
to be 34.91%
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Figure 3

(a) Calibration plot of the new prediction score in derivation cohort, no signi�cant difference between
predicted and observed risks across three risk classes (p=0.3185) (b) Calibration plots of the prediction
score in validation cohorts, showed the new model �t was good. (p=0.3247)


