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Abstract: This study aimed to determine the association between serum D-dimer levels and the risk of
acute kidney injury (AKI) in patients undergoing living donor liver transplantation (LDLT). Clinical
data of 675 patients undergoing LDLT were retrospectively analyzed. The exclusion criteria included
a history of kidney dysfunction, emergency cases, and missing data. The final study population of
617 patients was divided into the normal and high D-dimer groups (cutoff: 0.5 mg/L). After LDLT,
145 patients (23.5%) developed AKI. A high D-dimer level (>0.5 mg/L) was an independent predictor
of postoperative development of AKI in the multivariate analysis when combined with diabetes
mellitus [DM], platelet count, and hourly urine output. AKI was significantly higher in the high D-
dimer group than in the normal D-dimer group (odds ratio [OR], 2.792; 95% confidence interval [CI],
1.227–6.353). Patients with a high D-dimer exhibited a higher incidence of early allograft dysfunction,
longer intensive care unit stay, and a higher mortality rate. These results could improve the risk
stratification of postoperative AKI development by encouraging the determination of preoperative
D-dimer levels in patients undergoing LDLT.

Keywords: D-dimer; acute kidney injury; living donor liver transplantation

1. Introduction

Living donor liver transplantation (LDLT) is a widely applied surgical treatment
for patients with end-stage liver disease (ESLD) [1]. However, the rate of postoperative
complications is high; meticulous monitoring and early intervention are important [2].
Acute kidney injury (AKI) is a critical complication after LDLT, with a reported incidence
rate of up to 50% [3,4]. Multiple complex factors affect the development of AKI after
liver transplantation (LT), including diabetes mellitus (DM), chronic kidney disease (CKD),
body mass index (BMI), and Model for End-Stage Liver Disease (MELD) score [3,5–7].
Inflammatory biomarkers (i.e., interleukin [IL]-6, IL-10, and C-reactive protein [CRP])
are also associated with the development of AKI [8–10]. Because postoperative AKI is
independently associated with increased morbidity and mortality [11,12], AKI-related risk
factors must be identified before surgery.

D-dimer is a fibrin breakdown product that usually increases in patients with pul-
monary embolism (PE), deep vein thrombosis (DVT), or disseminated intravascular coag-
ulation (DIC). A high plasma D-dimer level has been identified as a prognostic factor in
critically ill patients. In addition, the D-dimer level increases in patients with liver cirrhosis
and is correlated with the severity of liver dysfunction [13,14]. D-dimer is emerging as an
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early marker of AKI. The D-dimer level significantly increases in patients with AKI and
is associated with an increased risk of mortality in pregnant women [15]. In addition, a
high D-dimer level has been associated with the development of contrast-induced AKI in
patients undergoing percutaneous coronary intervention (PCI) [16]. However, the effects of
a high D-dimer level on the development of AKI in patients undergoing LDLT have not
been reported.

We investigated the correlation between the D-dimer level and the severity of post-
operative AKI, and our results suggest that determining the D-dimer level along with
other preoperative factors helps estimate the risk of AKI. In addition, we evaluated the
prognostic value of the D-dimer level for postoperative morbidity and mortality in patients
undergoing LDLT.

2. Patients and Methods
2.1. Ethical Considerations

This study was performed in accordance with the ethical standards of the Declaration
of Helsinki. Ethical approval was obtained from the Institutional Review Board of Seoul St.
Mary’s Hospital (KC20RISI0176; 6 April 2020). A waiver of informed consent was granted
for this retrospective study.

2.2. Study Population

The medical records were retrospectively collected between January 2009 and February
2020 for 657 patients who underwent LDLT. The exclusion criteria were cadaveric LT,
history of kidney dysfunction (i.e., hepatorenal syndrome, CKD, or history of dialysis [17]),
emergency cases, age < 19 years, or missing laboratory data. Ultimately, 58 patients were
excluded and the remaining 617 patients were included in the analyses.

2.3. Living Donor Liver Transplantation

The transplant surgery and general anesthesia were performed by expert surgeons
and anesthesiologists, respectively. The surgical techniques and anesthetic management
were performed as described previously [18]. Briefly, the piggyback technique was applied,
and an inflow modification (i.e., splenic artery ligation, portocaval shunt, or splenectomy)
was performed at the surgeon’s discretion. Balanced anesthesia with proper hemodynamic
management was supplied. Packed red blood cells (PRBCs) were transfused to maintain
hematocrit >25%, and fresh-frozen plasma (FFP) or single-donor platelets (SDPs) were
transfused under the guidance of thromboelastography or according to the laboratory
results [9]. Immunosuppressants were administered and were tapered after surgery in
accordance with our hospital’s protocol.

2.4. Acute Kidney Injury

Postoperative AKI was diagnosed based on the Kidney Disease Improving Global
Outcomes criteria [19]. AKI severity was determined as follows: Stage 1, increase in
serum creatinine (sCr) ≥ 0.3 mg/dL (in 48 h) or 1.5–1.9 multiplied by the baseline (in
7 days); stage 2, sCr 2.0–2.9 multiplied by the baseline; and stage 3, sCr ≥ 3.0 multiplied
by the baseline or an increase in sCr ≥ 4.0 mg/dL at the beginning of renal replacement
therapy [20]. The study population was divided into non-AKI and AKI groups.

2.5. Measurement of Laboratory Data

Laboratory parameters were evaluated preoperatively. Blood samples were collected
into a Clot Activator tube (Becton Dickinson and Co., Franklin Lakes, NJ, USA) and an-
alyzed using an automated chemistry analyzer (Hitachi 7600; Hitachi, Tokyo, Japan) to
obtain the laboratory data on the day before surgery. A Sodium Citrate Tube (Becton Dick-
inson and Co.) and automated coagulation analyzer (CS-5100; SysmexCrop., Kobe, Japan)
were used to measure D-dimer levels. A high D-dimer level was defined as >0.5 mg/L
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fibrinogen equivalent units, as described previously [21]. If samples were collected several
times, the one collected nearest the time of surgery was analyzed.

2.6. Perioperative Recipient and Donor Graft Factors

The preoperative recipient factors included etiology, BMI, comorbidities (i.e., DM
and hypertension), sex, age, MELD score, hepatic decompensation (i.e., ascites, varix,
and West-Haven criteria on hepatic encephalopathy [22]), echocardiography (i.e., ejection
fraction and diastolic dysfunction [23]), estimated glomerular filtration rate, and laboratory
variables (i.e., white blood cell [WBC] count, platelet count, and levels of Cr, glucose,
ammonia, potassium, calcium, and albumin). Intraoperative recipient factors included the
presence of postreperfusion syndrome [24], average vital signs during surgery (i.e., mean
blood pressure, central venous pressure, and heart rate), the volume of blood products
transfused (i.e., PRBCs, FFP, or SDPs), mean lactate, surgical duration, urine output, and
hourly fluid infusion. Donor graft factors included donor graft fatty change (%), the graft
recipient weight ratio, sex, and age.

2.7. Clinical Postoperative Outcomes

Postoperative outcomes included the duration of hospital stay, the duration of inten-
sive care unit (ICU) stay, the incidence of early allograft dysfunction (EAD), graft rejection,
and overall mortality. EAD was clinically determined by the presence of at least one of
the following: total bilirubin ≥10 mg/dL or international normalized ratio (INR) ≥ 1.6 on
postoperative day 7 and alanine transaminase or aspartate transaminase ≥ 2000 IU/mL
during the first week after surgery [25].

2.8. Statistical Analysis

The Mann–Whitney U test, χ2 test, or Fisher’s exact test were used to compare peri-
operative recipient and donor graft factors between the AKI and non-AKI groups. Tests
for trends were conducted using a linear-by-linear association method. The values were
expressed as the median (interquartile range [IQR]) and number (proportion). The asso-
ciations between perioperative factors and the development of postoperative AKI were
analyzed using logistic regression. Potentially significant factors (p < 0.1) in the univariate
analysis were included in multivariate forward and backward logistic regression analyses.
We conducted two separate multivariate analyses using the dichotomous or continuous
D-dimer levels. Dichotomous D-dimer was included in the predictive multivariate model.
The predictive performance of the models was estimated by the area under the receiver
operating characteristic curve analysis. The relationships between the D-dimer level and
inflammatory factors or the MELD were detected using Spearman’s rank correlation coeffi-
cient analysis. A p-value < 0.05 was considered statistically significant. Statistical analyses
were performed using MedCalc (ver. 11.0; MedCalc Software, Ostend, Belgium) and SPSS
Statistics software (ver. 24.0; SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Demographic Characteristics of Patients Undergoing LDLT

The study population (n = 617) consisted of 432 men (70%) and 185 women (30%). The
LDLT etiologies included hepatitis B (HBV) (56.6%), alcoholic hepatitis (19.6%), hepatitis C
(7.3%), cryptogenic hepatitis (6.2%), hepatitis A (4.2%), autoimmune hepatitis (4.2%), and
drug-induced and toxic hepatitis (1.9%). The prevalence rates of the preoperative variables
were hypertension (20.3%), encephalopathy (8.9%), diabetes (26.3%), varix (24.3%), and
ascites (47.3%). The median (IQR) age, MELD score, BMI, and D-dimer level were 54 (48–59)
years, 13.6 (6.6–23.7) points, 24 (22–27) kg/m2, and 3.6 (1.1–7.4) mg/L, respectively. Among
the 617 patients, 145 (23.5%) developed AKI after LDLT.
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3.2. Analysis of Pre- and Intraoperative Clinical Data According to the Development of AKI

Intergroup differences in the preoperative recipient factors (i.e., MELD score, the
incidence of ascites, DM, hemoglobin level, albumin level, platelet count, INR, and D-dimer
level) were detected (Table 1). Differences in intraoperative recipient factors (i.e., total
PRBC, FFP, and platelet transfusion amounts; average HR; average MBP; and hourly urine
output) and donor graft factors (i.e., graft ischemic time) were observed between the groups
(Table 2).

Table 1. Comparison of preoperative recipient clinical factors between the non-AKI and AKI groups.

Group Non-AKI AKI p

n 472 145

Preoperative recipient factor
Age (years) 54 (48–59) 52 (48–58) 0.297
Sex (male) 324 (68.6%) 108 (74.5%) 0.180

Body mass index (kg/m2) 24 (22–26) 24 (22–28) 0.118
Etiology
Alcohol 84 (17.8%) 37 (25.5%) 0.268

Hepatitis A 18 (3.8%) 8 (5.5%)
Hepatitis B 270 (57.2%) 79 (54.5%)
Hepatitis C 37 (7.8%) 8 (5.5%)

Autoimmune 23 (4.9%) 3 (2.1%)
Drug & Toxin 10 (2.1%) 2 (1.4%)
Cryptogenic 30 (6.4%) 8 (5.5%)
Comorbidity

Diabetes mellitus 114 (24.2%) 48 (33.1%) 0.032
Hypertension 95 (20.1%) 30 (20.7%) 0.883

MELD score (point) 12 (6–23) 17 (10–25) 0.007
Hepatic decompensation

Encephalopathy
(West-Haven criteria I or II) 38 (8.1%) 17 (11.7%) 0.175

Varix 111 (23.5%) 39 (26.9%) 0.407
Ascites 209 (44.3%) 83 (57.2%) 0.006

Cardiac function
Ejection fraction (%) 64 (62–67) 64 (62–67) 0.303
Diastolic dysfunction 193 (40.9%) 65 (44.8%) 0.4

Renal function

eGFR (mL/min/1.73 m2)
90.5

(77.0–114.1)
87.4

(74.1–117.2) 0.832

Laboratory variables
Hemoglobin (g/dL) 10 (8.4–12) 9.4 (8.1–10.8) 0.008

WBC count (×109/L) 4.3 (2.8–6.8) 4.6 (3.1–8) 0.249
Albumin (g/dL) 3.1 (2.7–3.6) 2.9 (2.6–3.3) 0.001

Platelet count (×109/L) 67.5 (47–110) 55 (39–77) <0.001
International normalized ratio 1.4 (1.2–2.1) 1.6 (1.3–2.1) 0.025

Activated partial thrombin
time (sec) 35.3 (28.5–51) 33.5 (29–46) 0.156

D-dimer (mg/L) 3 (0.8–6.5) 5.4 (2.5–9.8) <0.001
Sodium (mEq/L) 139 (135–142) 138 (135–141) 0.078

Potassium (mEq/L) 4 (3.7–4.3) 4 (3.6–4.3) 0.362
Calcium (mg/dL) 8.4 (8–8.8) 8.4 (7.9–8.8) 0.307
Glucose (mg/dL) 108 (91–139) 112 (96–142) 0.218

Creatinine (mg/dL) 0.9 (0.7–1.1) 0.9 (0.7–1.3) 0.589
Ammonia (µg/dL) 95 (65–148) 105 (68–160) 0.442

Abbreviations: AKI, acute kidney injury; eGFR, estimated glomerular filtration rate; MELD, Model for End-stage
Liver Disease; WBC, white blood cell. NOTE: Values are medians (ranges) or numbers (percentages).
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Table 2. Comparison of intraoperative recipient and donor clinical factors between the non-AKI and
AKI groups.

Group Non-AKI AKI p

n 472 145

Intraoperative
recipient factor

Surgical duration
(min) 505 (450–570) 510 (455–584) 0.435

Postreperfusion
syndrome 245 (51.9%) 83 (57.2%) 0.260

Average of vital signs
MBP (mmHg) 76.3 (70.5–83) 75 (68.4–82) 0.038

HR (beats/min) 88 (80–99) 92 (82–102) 0.035
CVP (mmHg) 9 (7.1–10.8) 9.3 (7.1–11.5) 0.397
Mean lactate

(mmol/L) 3.7 (2.8–4.8) 3.7 (2.8–5.5) 0.732

Blood product
transfusion (unit)

Packed red blood cell 6 (3–12) 10 (6–15) <0.001
Fresh frozen plasma 6 (4–10) 10 (6–13) <0.001
Platelet concentrate 3 (0–10) 6 (0–12) 0.019

Hourly fluid infusion
(mL/kg/h) 10.2 (7.6–13.3) 10.7 (8.1–14.3) 0.253

Hourly urine output
(mL/kg/h) 1.5 (0.8–2.3) 1.1 (0.5–1.8) <0.001

Donor-graft factor
Age (years) 32 (25–43) 32 (24–48) 0.606
Sex(male) 256 (61%) 69 (63.3%) 0.653
GRWR (%) 1.2 (1–1.4) 1.2 (1–1.4) 0.105

Graft ischemic time
(min) 90 (70–117) 101 (79–148) <0.001

Warm ischemic time
(min) 31 (26–42) 35 (27–45) 0.266

Cold ischemic time
(min) 50 (36–78) 70 (39–130) 0.012

Fatty change (%) 5 (1–5) 4 (0–5) 0.540
Abbreviations: AKI, acute kidney injury; CVP, central venous pressure; GRWR, graft recipient weight ratio; HR,
heart rate; MBP, mean blood pressure. NOTE: Values are medians (interquartile ranges) or numbers (percentages),
unless indicated otherwise.

3.3. Associations of Pre- and Intraoperative Factors with the Development of AKI

The D-dimer level was significantly associated with the development of AKI in the
multivariate logistic regression (Table 3), when combined with the presence of DM, platelet
count, and intraoperative hourly urine output (AUC: 0.672; 95% confidence interval (CI):
0.634–0.709; sensitivity: 72.4%; specificity: 55.9%; p < 0.001). Furthermore, the probability
that patients with a high D-dimer level (>0.5 mg/L) would develop AKI was 2.79-fold
higher than in those with a normal D-dimer level in the multivariate analysis using dichoto-
mous D-dimer (odds ratio: 2.792; 95% CI: 1.227–6.353; p = 0.014) (Table S1).
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Table 3. Associations of pre- and intraoperative factors with the occurrence of AKI in living donor
liver transplantation.

Univariable Analysis Multivariable Analysis

β
Odds
Ratio 95% CI p β

Odds
Ratio 95% CI p

Preoperative recipient factor
Age (years) −0.005 0.995 0.976–1.015 0.648

Sex (male vs. female) −0.288 0.750 0.492–1.143 0.180
Body mass index (kg/m2) 0.042 1.042 0.994–1.093 0.085

Comorbidity
Diabetes mellitus 0.441 1.554 1.036–2.330 0.033 0.425 1.529 1.005–2.327 0.048

Hypertension 0.035 1.035 0.653–1.641 0.883
MELD score (point) 0.018 1.018 1.001–1.035 0.035

Hepatic decompensation
Encephalopathy

(West-Haven criteria I or II) 0.417 1.517 0.828–2.778 0.177

Varix 0.179 1.197 0.783–1.829 0.407
Ascites 0.522 1.685 1.157–2.453 0.007

Aspartate aminotransferase 0.000 1.000 0.999–1.000 0.333
Alanine aminotransferase 0.000 1.000 1.000–1.000 0.445

Cardiac function
Ejection fraction (%) 0.029 1.029 0.987–1.072 0.175
Diastolic dysfunction 0.161 1.175 0.807–1.709 0.401

Renal function
eGFR (mL/min/1.73 m2) 0.002 1.002 0.997–1.006 0.510

Laboratory variables
Hemoglobin (g/dL) −0.116 0.891 0.816–0.973 0.010

WBC count (×109/L) 0.017 1.017 0.986–1.049 0.288
Albumin (g/dL) −0.564 0.569 0.408–0.793 0.001

Platelet count (×109/L) −0.007 0.993 0.989–0.997 0.001 −0.005 0.995 0.990-0.999 0.013
International normalized ratio 0.126 1.135 0.913–1.410 0.255

Activated partial thrombin time (sec) 0.004 1.004 0.986–1.022 0.686
D-dimer (mg/L) 0.048 1.050 1.023–1.077 <0.001 0.032 1.032 1.004–1.061 0.026
Sodium (mEq/L) −0.020 0.980 0.947–1.014 0.240

Potassium (mEq/L) −0.138 0.871 0.636–1.192 0.388
Calcium (mg/dL) −0.116 0.891 0.697–1.138 0.355
Glucose (mg/dL) 0.001 1.001 0.998–1.004 0.505

Creatinine (mg/dL) −0.135 0.873 0.723–1.055 0.161
Ammonia (µg/dL) 0.001 1.001 0.999–1.003 0.338

Intraoperative recipient factor
Surgical duration (min) 0.001 1.001 0.999–1.003 0.361

Postreperfusion syndrome 0.215 1.240 0.852–1.805 0.261
Average of vital signs

MBP (mmHg) −0.018 0.982 0.964–1.001 0.060
HR (beats/min) 0.010 1.010 0.998–1.021 0.096
CVP (mmHg) 0.043 1.044 0.985–1.107 0.148

Mean lactate (mmol/L) 0.035 1.036 0.972–1.104 0.280
Blood product transfusion (unit)

Packed red blood cell 0.029 1.030 1.009–1.050 0.004
Fresh frozen plasma 0.031 1.031 1.006–1.057 0.014
Platelet concentrate 0.001 1.001 0.988–1.013 0.915

Hourly fluid infusion (mL/kg/h) 0.011 1.011 0.994–1.029 0.198
Hourly urine output (mL/kg/h) −0.464 0.629 0.511–0.773 <0.001 −0.373 0.689 0.558–0.851 0.001

Donor-graft factor
Age (years) −0.003 0.997 0.980–1.014 0.740
Sex(male) −0.100 0.905 0.585–1.400 0.653
GRWR (%) 0.226 1.253 0.857–1.832 0.244

Graft ischemic time (min) 0.003 1.003 1.001–1.004 <0.001
Fatty change (%) 0.006 1.006 0.979–1.006 0.669

Abbreviations: CI, confidence interval; CVP, central venous pressure; eGFR, estimated glomerular filtration rate;
GRWR, graft-recipient weight ratio; HR, heart rate; MBP, mean blood pressure; MELD, Model for End-Stage Liver
Disease; WBC, white blood cell.

3.4. Analysis Using the Alternative D-Dimer Cutoff Level

Patients were divided into normal and high D-dimer groups using an alternative cutoff
level (>1.1 mg/L) for the development of AKI (AUC: 0.7, 95% CI: 0.662–0.736; sensitivity:
73.1%, specificity: 58.5%, p < 0.001) (Figure 1). A high D-dimer level (>1.1 mg/L) was
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associated with a four-fold increased risk of AKI compared to those with a D-dimer level
below the cutoff (odds ratio: 4.025; 95% CI: 2.093–7.744; p < 0.001).

Figure 1. Comparison of the area under the receiver operating characteristic (ROC) curve (AUC)
between multiple logistic regression models with the normal (0.5 mg/L) and alternative (1.1 mg/L)
D-dimer cutoff levels.

3.5. Comparison of the Prevalence of AKI Stages between the Normal and High D-Dimer Groups

The prevalence of patients with postoperative AKI was higher in the high D-dimer
group than in the normal group for every stage (stage 1 and stages 2–3) (p < 0.001; Table 4).

Table 4. Comparison of the prevalence of AKI stages between the normal and high D-dimer groups.

Group Normal D-Dimer
(≤0.5 mg/L)

High D-Dimer
(>0.5 mg/L) p

n 93 524

Normal kidney
function 86 (92.5%) 386 (73.7%) <0.001

Mild AKI (stage 1) 6 (6.5%) 86 (16.4%)
Moderate to severe

AKI (stage 2–3) 1 (1.1%) 52 (9.9%) *

Abbreviations: AKI, acute kidney injury. * p < 0.05 using linear by linear method. NOTE: Values are expressed as
numbers (with % proportion).

3.6. Comparison of D-Dimer Level According to the AKI Stage

Higher D-dimer levels were detected in patients with higher AKI stages (Figure 2).
The median (IQR) D-dimer levels were 3.0 (0.8–6.5), 5.2 (2.0–9.2), and 6.3 (3.0–10.6) mg/L
in the non-AKI, AKI stage 1, and AKI stage 2–3 groups, respectively.
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Figure 2. D-dimer levels according to acute kidney injury (AKI) stage in patients undergoing living-
donor liver transplantation (LDLT). Box plots show the median (line in the middle of the box),
interquartile range (box), and 5th and 95th percentiles (whiskers). * p < 0.001 vs. no AKI.

3.7. Relationships of the D-Dimer Level with Inflammatory Factors

The D-dimer level was significantly correlated with inflammatory factors, includ-
ing WBC (Rho coefficient = 0.282), albumin (Rho coefficient = −0.356), and CRP (Rho
coefficient = 0.575) (all p < 0.001).

3.8. Relationship between the D-Dimer Level and the MELD Score

The D-dimer level was significantly correlated with the MELD score (Rho coefficient = 0.483)
(p < 0.001).

3.9. Subanalysis of Patients with DM, HBV, or Heart Disease

The prevalence of AKI did not significantly differ between the normal and high
D-dimer patients with DM when using the normal (0.5 mg/L) cutoff level. However, a sig-
nificant difference (p = 0.008) was detected when using the alternative (1.1 mg/L) D-dimer
cutoff level (Table S2). A significant difference in D-dimer level was observed between the
AKI and non-AKI groups of patients with DM (Table S3). There were differences between
patients with HBV and heart disease (diastolic dysfunction) with AKI vs. non-AKI and
between such patients with a normal D-dimer level vs. a high D-dimer level (Tables S4–S7).

3.10. Postoperative Outcomes

Patients with a high D-dimer level had a longer ICU stay, higher incidence of EAD,
and a higher mortality rate than did patients with a normal D-dimer level (p = 0.036,
p = 0.005, and p = 0.02, respectively) (Table 5). Patients with AKI had a longer duration
of hospitalization, longer ICU stay, higher incidence of EAD, and higher overall patient
mortality rate than did patients without AKI (p < 0.001, p = 0.002, p = 0.002, and p = 0.013,
respectively) (Table 6).



J. Clin. Med. 2022, 11, 450 9 of 14

Table 5. Comparison of postoperative outcomes between the normal and high D-dimer groups.

Group Normal D-Dimer
(≤0.5 mg/L)

High D-Dimer
(>0.5 mg/L) p

n 93 524

ICU stay (day) 7 (5–7) 7 (6–7) 0.036
Hospital stay (day) 26.5 (21–35) 26 (21–38) 0.554

Graft rejection 23 (13.1%) 152 (29%) 0.399
Early allograft dysfunction 5 (5.4%) 87 (16.6%) 0.005
Overall patient mortality 7 (7.5%) 89 (17%) 0.02

Abbreviations: ICU, intensive care unit. Note: Values are expressed as medians (interquartile ranges) or numbers
(percentages).

Table 6. Comparison of postoperative outcomes between the non-AKI and AKI groups.

Group No AKI AKI
p

n 472 145

ICU stay (day) 7 (6–7) 7 (6–8) 0.002
Hospital stay (day) 25 (21–34) 30.5 (22–47) <0.001

Graft rejection 136 (28.8%) 39 (26.9%) 0.654
Early allograft

dysfunction 59 (12.5%) 33 (22.8%) 0.002

Overall patient
mortality 64 (13.6%) 32 (23.5%) 0.013

Abbreviations: AKI, acute kidney injury. Note: Values are expressed as medians (with interquartile range) or
numbers (with % proportion).

4. Discussion

The main finding of this study was that a high D-dimer level (>0.5 mg/L) was an
independent predictor of postoperative development of AKI when combined with platelet
count, DM, and hourly urine output. The prevalence of AKI was significantly higher in
the high D-dimer group than in the normal D-dimer group. The D-dimer level and the
proportion of patients with a high D-dimer level significantly increased with more severe
AKI. In addition, patients with a high D-dimer level or AKI had more severe morbidities
and higher mortality rates.

AKI is a common postoperative complication in LT recipients [3]. Although the etiol-
ogy has not been fully elucidated, renal hypoperfusion, inflammation, hypovolemia, and
the use of nephrotoxic drugs are possible contributing factors [26,27]. Recent studies have
shown that the systemic inflammatory response plays a critical role in the development of
AKI [28,29]. Systemic inflammation causes AKI by targeting tubular epithelial cells (TECs).
Inflammatory mediators may contribute to reducing the blood flow in the outer medulla
of the kidneys [30]. Serum CRP impairs G1/S-dependent TEC regeneration, while IL-6
and tumor necrosis factor-alpha (TNF-α) interact with TECs, causing renal injury [31,32].
Immune responses also contribute to renal damage after reperfusion injury [33]. The inflam-
matory reaction of the innate and adaptive immune systems in the post-ischemic kidney is
an important factor in the pathogenesis of ischemia-reperfusion injury (IRI). Postoperative
AKI is a major risk factor for morbidity and mortality after LDLT and is important for
predicting the development of AKI [34]. In the present study, the AKI group had a higher
incidence of EAD, longer hospital and ICU stays, and lower overall survival than the
non-AKI group.

D-dimer is a fibrin degradation product that is widely measured to aid in the diagnosis
of PE. Although D-dimer is a well-known marker for clotting disorders, such as PE, DIC,
and DVT, recent studies have shown that a high D-dimer level is also associated with the
prognosis of critically ill patients [35,36]. A high D-dimer level is an emerging marker for
kidney dysfunction. In patients with ST-elevation myocardial infarction undergoing PCI,
D-dimer levels >0.69 µg/mL are an independent predictor of contrast-induced AKI [16]. A
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retrospective study revealed that the D-dimer level was significantly higher in pregnant
women with AKI and was associated with higher mortality risk [15]. In a study of patients
undergoing hematopoietic cell transplantation, a high D-dimer level caused by activation
of the coagulation system was associated with the development of AKI [37]. Although
the mechanism underlying the relationship between D-dimer and AKI is unclear, a high
D-dimer level may exacerbate inflammatory coagulation and fibrinolysis (via inflamma-
tory mediator surges, thrombin generation, fibrin formation/degradation, and platelet
aggregation), thus contributing to the development of AKI in critically ill patients [38–40].
Therefore, the close relationship between the D-dimer level and inflammation may play
a role in kidney damage. In the present study, a high D-dimer level was correlated with
more severe liver dysfunction [13,14,41], suggesting its use as an early surrogate marker
for hepatic decompensation that increases the risk of AKI in patients scheduled for LDLT.

Our multivariate logistic analysis suggested that other risk factors for postoperative
AKI include preoperative DM, platelet count, and intraoperative hourly urine output. A
diabetic kidney has decreased resilience to renal perfusion after ischemia. Habib et al. [42]
suggested that delayed reperfusion in the renal cortex and increased apoptosis of proximal
tubular cells were possible mechanisms of renal IRI in the diabetic kidney. Additionally,
microvascular dysfunction may inhibit renal perfusion after ischemia [43]. The preoperative
platelet count was a preoperative risk factor for the development of AKI in the present
study. In a study of elderly patients, thrombocytopenia was associated with an increased
risk of AKI [44]. The probability of AKI significantly increased in patients with severe
thrombocytopenia after LDLT [45]. Considering the close relationship between portal
hypertension and thrombocytopenia, a low platelet count may be associated with portal
hypertension-related renal injury in patients with ESLD. A decrease in the hourly urine
output during surgery was also significantly associated with postoperative AKI. Low
urine output usually indicates hypovolemia or hypotension, both of which are related
to decreased perfusion pressure in the afferent arterioles [46]. Intraoperative oliguria
is associated with the development of postoperative AKI in patients undergoing major
abdominal surgery [47]. Reduced urine output was associated with an increased risk of
AKI in an ICU-based study [48].

Several limitations of this study should be discussed. First, the pathophysiological
processes underlying the association between an elevated D-dimer level and the devel-
opment of AKI are unknown. Although a high D-dimer level is associated with systemic
inflammation, further studies are required. Second, we used the D-dimer reference range
based on clotting disorders, such as PE. Further studies are required to establish the D-
dimer range in the AKI setting. Third, hidden biases could have been present because
this study constituted a retrospective analysis. Fourth, liver grafts from deceased donors
are more closely associated with postoperative AKI than grafts from living donors [49].
Therefore, the association between the D-dimer level and the development of AKI could
differ according to the donor type. Fifth, we could not include the length of waiting time
for LT or the liver disease duration. These periods would provide important information
because a patient’s condition could become worse with a longer waiting time and longer
duration of cirrhosis. However, all donors were relative volunteers (parents, sister, and
brother); this aspect may have contributed to the shorter wait time and cirrhotic duration
than in LDLT with other types of donations or DDLT [50,51]. The MELD score played a key
clinical role in assessing the severity of cirrhosis [52,53].

5. Conclusions

The findings in this study suggest that a high D-dimer level (>0.5 mg/L) constitutes
an independent predictor of postoperative development of AKI when combined with
DM, platelet count, and hourly urine output. Because its odds ratio (2.792) was highest
among those risk factors, the D-dimer level could provide critical information regarding
vulnerability to AKI. Our findings suggest that a high D-dimer level is an early and
promising marker for the development of AKI; it could provide useful information for
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understanding a patient’s condition. Risk factors for the development of AKI, including
the D-dimer level, must be assessed before surgery; patients with those risk factors should
be carefully monitored.
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CRP C-reactive protein
MBP mean blood pressure
CVP central venous pressure
DM diabetes mellitus
DVT deep vein thrombosis
DIC disseminated intravascular coagulation
PRBC packed red blood cell
FFP fresh frozen plasma
SDP single donor platelet
PCI percutaneous coronary intervention
POD postoperative day
PE pulmonary embolism
MELD score Model for end-stage liver disease score
BMI body mass index
CRRT continuous renal replacement therapy
HR heart rate
IQR interquartile
LT liver transplantation
DDLT deceased donor liver transplantation
WBC white blood cells

https://www.mdpi.com/article/10.3390/jcm11020450/s1


J. Clin. Med. 2022, 11, 450 12 of 14

References
1. Feng, S. Living donor liver transplantation in high Model for End-Stage Liver Disease score patients. Liver Transplant. 2017, 23,

S9–S21. [CrossRef]
2. Lin, C.C.; Chuang, F.R.; Wang, C.C.; Chen, Y.S.; Chen, C.L.; Liu, Y.W.; Cheng, Y.F.; Lee, C.H.; Jawan, B. Early postoperative

complications in recipients of living donor liver transplantation. Transpl. Proc. 2004, 36, 2338–2341. [CrossRef]
3. Wiesen, P.; Massion, P.B.; Joris, J.; Detry, O.; Damas, P. Incidence and risk factors for early renal dysfunction after liver transplanta-

tion. World J. Transpl. 2016, 6, 220–232. [CrossRef] [PubMed]
4. Dong, V.; Nadim, M.K.; Karvellas, C.J. Post-Liver Transplant Acute Kidney Injury. Liver Transpl. 2021, 27, 1653–1664. [CrossRef]
5. Rymarz, A.; Serwacki, M.; Rutkowski, M.; Pakosinski, K.; Grodzicki, M.; Patkowski, W.; Kacka, A.; Oldakowska-Jedynak, U.;

Krawczyk, M. Prevalence and predictors of acute renal injury in liver transplant recipients. Transpl. Proc. 2009, 41, 3123–3125.
[CrossRef] [PubMed]

6. Cabezuelo, J.B.; Ramirez, P.; Rios, A.; Acosta, F.; Torres, D.; Sansano, T.; Pons, J.A.; Bru, M.; Montoya, M.; Bueno, F.S.; et al. Risk
factors of acute renal failure after liver transplantation. Kidney Int. 2006, 69, 1073–1080. [CrossRef] [PubMed]

7. Abdel-Khalek, E.E.; Alrefaey, A.K.; Yassen, A.M.; Monier, A.; Elgouhari, H.M.; Habl, M.S.; Tawfik, G.; Elzayat, T.; Zayed, R.A.;
Abdel-Wahab, M. Renal Dysfunction after Living-Donor Liver Transplantation: Experience with 500 Cases. J. Transpl. 2018,
2018, 5910372. [CrossRef] [PubMed]

8. Murashima, M.; Nishimoto, M.; Kokubu, M.; Hamano, T.; Matsui, M.; Eriguchi, M.; Samejima, K.I.; Akai, Y.; Tsuruya, K.
Inflammation as a predictor of acute kidney injury and mediator of higher mortality after acute kidney injury in non-cardiac
surgery. Sci. Rep. 2019, 9, 20260. [CrossRef]

9. Zhang, W.R.; Garg, A.X.; Coca, S.G.; Devereaux, P.J.; Eikelboom, J.; Kavsak, P.; McArthur, E.; Thiessen-Philbrook, H.; Shortt, C.;
Shlipak, M.; et al. Plasma IL-6 and IL-10 Concentrations Predict AKI and Long-Term Mortality in Adults after Cardiac Surgery. J.
Am. Soc. Nephrol. 2015, 26, 3123–3132. [CrossRef]

10. Chae, M.S.; Kim, Y.; Chung, H.S.; Park, C.S.; Lee, J.; Choi, J.H.; Hong, S.H. Predictive Role of Serum Cytokine Profiles in Acute
Kidney Injury after Living Donor Liver Transplantation. Mediat. Inflamm. 2018, 2018, 8256193. [CrossRef] [PubMed]

11. Hobson, C.; Ozrazgat-Baslanti, T.; Kuxhausen, A.; Thottakkara, P.; Efron, P.A.; Moore, F.A.; Moldawer, L.L.; Segal, M.S.; Bihorac, A.
Cost and Mortality Associated With Postoperative Acute Kidney Injury. Ann. Surg. 2015, 261, 1207–1214. [CrossRef]

12. Wadei, H.M.; Lee, D.D.; Croome, K.P.; Mai, M.L.; Golan, E.; Brotman, R.; Keaveny, A.P.; Taner, C.B. Early Allograft Dysfunction
After Liver Transplantation Is Associated with Short- and Long-Term Kidney Function Impairment. Am. J. Transpl. 2016, 16,
850–859. [CrossRef]

13. Cioni, G.; Cristani, A.; Mussini, C.; Grandi, S.; Pentore, R.; Zeneroli, M.L.; Tizzanini, W.; Zagni, G.; Ventura, E. Incidence
and clinical significance of elevated fibrin(ogen) degradation product and/or D-dimer levels in liver cirrhosis patients. Ital. J.
Gastroenterol. 1990, 22, 70–74.

14. Gram, J.; Duscha, H.; Zurborn, K.H.; Bruhn, H.D. Increased levels of fibrinolysis reaction products (D-dimer) in patients with
decompensated alcoholic liver cirrhosis. Scand. J Gastroenterol. 1991, 26, 1173–1178. [CrossRef] [PubMed]

15. Wang, B.; Jiang, Q.; Wu, X. Association of D-dimers with acute kidney injury in pregnant women: A retrospective study. J. Int.
Med. Res. 2020, 48, 300060520966899. [CrossRef] [PubMed]

16. Lin, K.Y.; Chen, H.C.; Jiang, H.; Wang, S.Y.; Chen, H.M.; Wu, Z.Y.; Jiang, F.; Guo, Y.S.; Zhu, P.L. Predictive value of admission
D-dimer for contrast-induced acute kidney injury and poor outcomes after primary percutaneous coronary intervention. BMC
Nephrol. 2020, 21, 90. [CrossRef]

17. Stevens, P.E.; Levin, A.; Kidney Disease: Improving Global Outcomes Chronic Kidney Disease Guideline Development Work
Group Members. Evaluation and management of chronic kidney disease: Synopsis of the kidney disease: Improving global
outcomes 2012 clinical practice guideline. Ann. Intern. Med. 2013, 158, 825–830. [CrossRef] [PubMed]

18. Chae, M.S.; Moon, K.U.; Jung, J.Y.; Choi, H.J.; Chung, H.S.; Park, C.S.; Lee, J.; Choi, J.H.; Hong, S.H. Perioperative loss of psoas
muscle is associated with patient survival in living donor liver transplantation. Liver Transplant. 2018, 24, 623–633. [CrossRef]
[PubMed]

19. Tsai, T.Y.; Chien, H.; Tsai, F.C.; Pan, H.C.; Yang, H.Y.; Lee, S.Y.; Hsu, H.H.; Fang, J.T.; Yang, C.W.; Chen, Y.C. Comparison of RIFLE,
AKIN, and KDIGO classifications for assessing prognosis of patients on extracorporeal membrane oxygenation. J. Med. Assoc.
2017, 116, 844–851. [CrossRef]

20. Khwaja, A. KDIGO clinical practice guidelines for acute kidney injury. Nephron Clin. Pract. 2012, 120, c179–c184. [CrossRef]
21. Prochaska, J.H.; Frank, B.; Nagler, M.; Lamparter, H.; Weisser, G.; Schulz, A.; Eggebrecht, L.; Gobel, S.; Arnold, N.;

Panova-Noeva, M.; et al. Age-related diagnostic value of D-dimer testing and the role of inflammation in patients with suspected
deep vein thrombosis. Sci. Rep. 2017, 7, 4591. [CrossRef]

22. Cash, W.J.; McConville, P.; McDermott, E.; McCormick, P.A.; Callender, M.E.; McDougall, N.I. Current concepts in the assessment
and treatment of hepatic encephalopathy. QJM Int. J. Med. 2010, 103, 9–16. [CrossRef] [PubMed]

23. Park, J.; Lee, J.; Kwon, A.; Choi, H.J.; Chung, H.S.; Hong, S.H.; Park, C.S.; Choi, J.H.; Chae, M.S. The 2016 ASE/EACVI
recommendations may be able to more accurately identify patients at risk for diastolic dysfunction in living donor liver
transplantation. PLoS ONE 2019, 14, e0215603. [CrossRef]

http://doi.org/10.1002/lt.24819
http://doi.org/10.1016/j.transproceed.2004.07.044
http://doi.org/10.5500/wjt.v6.i1.220
http://www.ncbi.nlm.nih.gov/pubmed/27011921
http://doi.org/10.1002/lt.26094
http://doi.org/10.1016/j.transproceed.2009.08.026
http://www.ncbi.nlm.nih.gov/pubmed/19857692
http://doi.org/10.1038/sj.ki.5000216
http://www.ncbi.nlm.nih.gov/pubmed/16528257
http://doi.org/10.1155/2018/5910372
http://www.ncbi.nlm.nih.gov/pubmed/30675397
http://doi.org/10.1038/s41598-019-56615-4
http://doi.org/10.1681/ASN.2014080764
http://doi.org/10.1155/2018/8256193
http://www.ncbi.nlm.nih.gov/pubmed/29805315
http://doi.org/10.1097/SLA.0000000000000732
http://doi.org/10.1111/ajt.13527
http://doi.org/10.3109/00365529108998610
http://www.ncbi.nlm.nih.gov/pubmed/1754853
http://doi.org/10.1177/0300060520966899
http://www.ncbi.nlm.nih.gov/pubmed/33251900
http://doi.org/10.1186/s12882-020-01743-7
http://doi.org/10.7326/0003-4819-158-11-201306040-00007
http://www.ncbi.nlm.nih.gov/pubmed/23732715
http://doi.org/10.1002/lt.25022
http://www.ncbi.nlm.nih.gov/pubmed/29365358
http://doi.org/10.1016/j.jfma.2017.08.004
http://doi.org/10.1159/000339789
http://doi.org/10.1038/s41598-017-04843-x
http://doi.org/10.1093/qjmed/hcp152
http://www.ncbi.nlm.nih.gov/pubmed/19903725
http://doi.org/10.1371/journal.pone.0215603


J. Clin. Med. 2022, 11, 450 13 of 14

24. Horoldt, B.S.; Burattin, M.; Gunson, B.K.; Bramhall, S.R.; Nightingale, P.; Hubscher, S.G.; Neuberger, J.M. Does the Banff rejection
activity index predict outcome in patients with early acute cellular rejection following liver transplantation? Liver Transpl. 2006,
12, 1144–1151. [CrossRef] [PubMed]

25. Lee, D.D.; Croome, K.P.; Shalev, J.A.; Musto, K.R.; Sharma, M.; Keaveny, A.P.; Taner, C.B. Early allograft dysfunction after
liver transplantation: An intermediate outcome measure for targeted improvements. Ann. Hepatol. 2016, 15, 53–60. [CrossRef]
[PubMed]

26. Bell, S.; Ross, V.C.; Zealley, K.A.; Millar, F.; Isles, C. Management of post-operative acute kidney injury. QJM Int. J. Med. 2017, 110,
695–700. [CrossRef]

27. Gameiro, J.; Fonseca, J.A.; Neves, M.; Jorge, S.; Lopes, J.A. Acute kidney injury in major abdominal surgery: Incidence, risk
factors, pathogenesis and outcomes. Ann. Intensive Care 2018, 8, 22. [CrossRef] [PubMed]

28. Ortega-Loubon, C.; Fernandez-Molina, M.; Carrascal-Hinojal, Y.; Fulquet-Carreras, E. Cardiac surgery-associated acute kidney
injury. Ann. Card. Anaesth. 2016, 19, 687–698. [CrossRef]

29. Cantaluppi, V.; Quercia, A.D.; Dellepiane, S.; Ferrario, S.; Camussi, G.; Biancone, L. Interaction between systemic inflammation
and renal tubular epithelial cells. Nephrol. Dial. Transpl. 2014, 29, 2004–2011. [CrossRef]

30. Bougle, A.; Duranteau, J. Pathophysiology of sepsis-induced acute kidney injury: The role of global renal blood flow and renal
vascular resistance. Contrib. Nephrol. 2011, 174, 89–97. [PubMed]

31. Dellepiane, S.; Marengo, M.; Cantaluppi, V. Detrimental cross-talk between sepsis and acute kidney injury: New pathogenic
mechanisms, early biomarkers and targeted therapies. Crit. Care 2016, 20, 61. [CrossRef]

32. Tang, Y.; Huang, X.R.; Lv, J.; Chung, A.C.; Zhang, Y.; Chen, J.Z.; Szalai, A.J.; Xu, A.; Lan, H.Y. C-reactive protein promotes acute
kidney injury by impairing G1/S-dependent tubular epithelium cell regeneration. Clin. Sci. 2014, 126, 645–659. [CrossRef]

33. Jang, H.R.; Ko, G.J.; Wasowska, B.A.; Rabb, H. The interaction between ischemia-reperfusion and immune responses in the kidney.
J. Mol. Med. 2009, 87, 859–864. [CrossRef] [PubMed]

34. Zhou, J.; Zhang, X.; Lyu, L.; Ma, X.; Miao, G.; Chu, H. Modifiable risk factors of acute kidney injury after liver transplantation: A
systematic review and meta-analysis. BMC Nephrol. 2021, 22, 149. [CrossRef] [PubMed]

35. Yao, Y.; Cao, J.; Wang, Q.; Shi, Q.; Liu, K.; Luo, Z.; Chen, X.; Chen, S.; Yu, K.; Huang, Z.; et al. D-dimer as a biomarker for disease
severity and mortality in COVID-19 patients: A case control study. J. Intensive Care 2020, 8, 49. [CrossRef] [PubMed]

36. Fruchter, O.; Yigla, M.; Kramer, M.R. D-dimer as a prognostic biomarker for mortality in chronic obstructive pulmonary disease
exacerbation. Am. J. Med. Sci. 2015, 349, 29–35. [CrossRef]

37. Hingorani, S.R.; Seidel, K.; Pao, E.; Lawler, R.; McDonald, G.B. Markers of coagulation activation and acute kidney injury in
patients after hematopoietic cell transplantation. Bone Marrow Transpl. 2015, 50, 715–720. [CrossRef]

38. Park, J.; Cho, S.; Cho, Y.J.; Choi, H.J.; Hong, S.H.; Chae, M.S. Predictive Utility of Antithrombin III in Acute Kidney Injury in
Living-Donor Liver Transplantation: A Retrospective Observational Cohort Study. Transpl. Proc. 2021, 53, 111–118. [CrossRef]

39. Qi, T.; Zhu, C.; Lu, G.; Hao, J.; He, Q.; Chen, Y.; Zhou, F.; Chen, J.; Hou, J. Elevated D-dimer is associated with increased 28-day
mortality in acute-on-chronic liver failure in China: A retrospective study. BMC Gastroenterol. 2019, 19, 20. [CrossRef]

40. Bao, W.; Qi, X.; Li, H.; Hou, F.; Zhang, X.; Wang, R.; Guo, X. Correlation of D-dimer level with the inflammatory conditions: A
retrospective study. AME Med. J. 2017, 2, 27. [CrossRef]

41. Li, Y.; Qi, X.; Li, H.; Dai, J.; Deng, H.; Li, J.; Peng, Y.; Liu, X.; Sun, X.; Guo, X. D-dimer level for predicting the in-hospital mortality
in liver cirrhosis: A retrospective study. Exp. Ther. Med. 2017, 13, 285–289. [CrossRef]

42. Habib, S.L. Diabetes and renal tubular cell apoptosis. World J. Diabetes 2013, 4, 27–30. [CrossRef]
43. Patschan, D.; Muller, G.A. Acute Kidney Injury in Diabetes Mellitus. Int. J. Nephrol. 2016, 2016, 6232909. [CrossRef]
44. Chao, C.T.; Tsai, H.B.; Chiang, C.K.; Huang, J.W.; COGENT (COhort of GEriatric Nephrology in NTUH) study group. Throm-

bocytopenia on the first day of emergency department visit predicts higher risk of acute kidney injury among elderly patients.
Scand. J. Trauma Resusc. Emerg. Med. 2017, 25, 11. [CrossRef] [PubMed]

45. Park, J.; Jeong, J.; Choi, H.J.; Shim, J.W.; Lee, H.M.; Hong, S.H.; Park, C.S.; Choi, J.H.; Chae, M.S. Role of thrombocytopenia in risk
stratification for acute kidney injury after living donor liver transplantation. Platelets 2021, 32, 453–462. [CrossRef]

46. Chenitz, K.B.; Lane-Fall, M.B. Decreased urine output and acute kidney injury in the postanesthesia care unit. Anesth. Clin. 2012,
30, 513–526. [CrossRef] [PubMed]

47. Mizota, T.; Yamamoto, Y.; Hamada, M.; Matsukawa, S.; Shimizu, S.; Kai, S. Intraoperative oliguria predicts acute kidney injury
after major abdominal surgery. Br. J. Anaesth. 2017, 119, 1127–1134. [CrossRef] [PubMed]

48. Vaara, S.T.; Parviainen, I.; Pettila, V.; Nisula, S.; Inkinen, O.; Uusaro, A.; Group, F.S. Association of oliguria with the development
of acute kidney injury in the critically ill. Kidney Int. 2016, 89, 200–208. [CrossRef]

49. Hilmi, I.A.; Damian, D.; Al-Khafaji, A.; Sakai, T.; Donaldson, J.; Winger, D.G.; Kellum, J.A. Acute kidney injury after orthotopic
liver transplantation using living donor versus deceased donor grafts: A propensity score-matched analysis. Liver Transpl. 2015,
21, 1179–1185. [CrossRef] [PubMed]

50. Fisher, R.A.; Cotterell, A.H.; Maluf, D.G.; Stravitz, R.T.; Ashworth, A.; Nakatsuka, M.; Sterling, R.K.; Luketic, V.A.; Behnke, M.K.;
Posner, M.P. Adult living donor versus deceased donor liver transplantation: A 10-year prospective single center experience.
Ann. Hepatol. 2009, 8, 298–307. [CrossRef]

51. Liu, C.L.; Lam, B.; Lo, C.M.; Fan, S.T. Impact of right-lobe live donor liver transplantation on patients waiting for liver
transplantation. Liver Transpl. 2003, 9, 863–869. [CrossRef] [PubMed]

http://doi.org/10.1002/lt.20779
http://www.ncbi.nlm.nih.gov/pubmed/16799959
http://doi.org/10.5604/16652681.1184212
http://www.ncbi.nlm.nih.gov/pubmed/26626641
http://doi.org/10.1093/qjmed/hcw175
http://doi.org/10.1186/s13613-018-0369-7
http://www.ncbi.nlm.nih.gov/pubmed/29427134
http://doi.org/10.4103/0971-9784.191578
http://doi.org/10.1093/ndt/gfu046
http://www.ncbi.nlm.nih.gov/pubmed/21921613
http://doi.org/10.1186/s13054-016-1219-3
http://doi.org/10.1042/CS20130471
http://doi.org/10.1007/s00109-009-0491-y
http://www.ncbi.nlm.nih.gov/pubmed/19562316
http://doi.org/10.1186/s12882-021-02360-8
http://www.ncbi.nlm.nih.gov/pubmed/33888081
http://doi.org/10.1186/s40560-020-00466-z
http://www.ncbi.nlm.nih.gov/pubmed/32665858
http://doi.org/10.1097/MAJ.0000000000000332
http://doi.org/10.1038/bmt.2015.2
http://doi.org/10.1016/j.transproceed.2020.10.005
http://doi.org/10.1186/s12876-019-0941-0
http://doi.org/10.21037/amj.2017.02.07
http://doi.org/10.3892/etm.2016.3930
http://doi.org/10.4239/wjd.v4.i2.27
http://doi.org/10.1155/2016/6232909
http://doi.org/10.1186/s13049-017-0355-3
http://www.ncbi.nlm.nih.gov/pubmed/28187736
http://doi.org/10.1080/09537104.2020.1754377
http://doi.org/10.1016/j.anclin.2012.07.004
http://www.ncbi.nlm.nih.gov/pubmed/22989592
http://doi.org/10.1093/bja/aex255
http://www.ncbi.nlm.nih.gov/pubmed/29136086
http://doi.org/10.1038/ki.2015.269
http://doi.org/10.1002/lt.24166
http://www.ncbi.nlm.nih.gov/pubmed/25980614
http://doi.org/10.1016/S1665-2681(19)31742-9
http://doi.org/10.1053/jlts.2003.50163
http://www.ncbi.nlm.nih.gov/pubmed/12884201


J. Clin. Med. 2022, 11, 450 14 of 14

52. Ha, H.-S.; Hong, J.-J.; Kim, I.-O.; Lee, S.-R.; Lee, A.-Y.; Ha, T.-Y.; Song, G.-W.; Jung, D.-H.; Park, G.-C.; Ahn, C.-S.; et al. Deceased
donor liver transplantation under the Korean model for end-stage liver disease score-based liver allocation system: 2-year
allocation results at a high-volume transplantation center. Korean J. Transplant. 2019, 33, 112–117. [CrossRef]

53. Lee, J.G.; Lee, K.W.; Kwon, C.H.D.; Chu, C.W.; Kim, B.W.; Choi, D.L.; You, Y.K.; Kim, D.-S.; Nah, Y.W.; Kang, K.J.; et al. Donor
safety in living donor liver transplantation: The Korean organ transplantation registry study. Liver Transpl. 2017, 23, 999–1006.
[CrossRef] [PubMed]

http://doi.org/10.4285/jkstn.2019.33.4.112
http://doi.org/10.1002/lt.24778
http://www.ncbi.nlm.nih.gov/pubmed/28431203

	Introduction 
	Patients and Methods 
	Ethical Considerations 
	Study Population 
	Living Donor Liver Transplantation 
	Acute Kidney Injury 
	Measurement of Laboratory Data 
	Perioperative Recipient and Donor Graft Factors 
	Clinical Postoperative Outcomes 
	Statistical Analysis 

	Results 
	Demographic Characteristics of Patients Undergoing LDLT 
	Analysis of Pre- and Intraoperative Clinical Data According to the Development of AKI 
	Associations of Pre- and Intraoperative Factors with the Development of AKI 
	Analysis Using the Alternative D-Dimer Cutoff Level 
	Comparison of the Prevalence of AKI Stages between the Normal and High D-Dimer Groups 
	Comparison of D-Dimer Level According to the AKI Stage 
	Relationships of the D-Dimer Level with Inflammatory Factors 
	Relationship between the D-Dimer Level and the MELD Score 
	Subanalysis of Patients with DM, HBV, or Heart Disease 
	Postoperative Outcomes 

	Discussion 
	Conclusions 
	References

