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Background: A retrospective case-control study was carried out to assess the occurrence of acute kidney injury (AKI) in liv-
er transplantation (LT) recipients and its related risk factors.

Material/Methods: The study enrolled 131 patients undergoing LT from December 2017 to June 2019 at Beijing Tsinghua Chang
Gung Hospital, China. AKI and its classification were defined according to KDIGO guidelines. We collected pa-
tients’ demographic characteristics and perioperative parameters, and identified independent risk factors of
AKI by multivariate logistic regression analysis.

Results: We included 122 patients in analysis. AKI occurred in 52 (42.6%) patients (22.1% stage |, 8.2% stage II, and
12.3% stage IIl). AKI was notably associated with 12 factors: sex, body mass index (BMI), hepatic etiology,
MELD score, ascites, prothrombin time (PT), international normalized ratio of prothrombin time (INR), preop-
erative total bilirubin (TBIL), operative time, total fluid intake, fresh frozen plasma (FFP), and estimated blood
loss (EBL) (P<0.05). The factors independently associated with AKI were BMI (adjusted odds ratio: 0.605, 95%
confidence interval: 0.425-0.859; P=0.005) and intraoperative FFP infusion (adjusted odds ratio: 0.998, 95%
confidence interval: 0.995-1.000; P=0.047). Compared with the non-AKI group, the AKI group showed higher
likelihood of renal replacement therapy (RRT), and longer ICU and hospital stays, higher in-hospital mortality,
and higher hospitalization costs (P<0.05).
Conclusions: There is a high risk of AKI in patients undergoing LT. BMI and intraoperative FFP infusion are factors indepen-
dently correlated with AKI. AKI can result in extended hospital stays and higher hospitalization expenses.
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Background

Liver transplantation (LT) is a common method for treating
end-stage liver disease. Acute kidney injury (AKI) has attract-
ed much attention as a complication after LT, with an incidence
ranging between 5% and 95% in different studies [1-3]. Several
perioperative risk factors may be associated with AKI follow-
ing LT, including advanced age, high body weight, prolonged
operation duration, and high intraoperative blood loss [4,5].
AKI development in LT patients may lead to unfavorable out-
comes, including prolonged hospital and intensive care unit
(ICU) stay, as well as increased mortality [6,7].

In this study, we assessed the morbidity of AKI in LT patients
and evaluated the associated risk factors, which may improve
the early detection of patients with high risk and subsequent
perioperative management to prevent or mitigate negative
outcomes of AKI.

Material and Methods

This was a single-center, retrospective, case-control study of
131 consecutive adults (>18 years of age) undergoing LT be-
tween February 2018 and June 2019 at Beijing Tsinghua Chang
Gung Hospital. All patients underwent combined intravenous-
inhalation anesthesia with uniform medication management.
A flow diagram of patients throughout the study is present-
ed in Figure 1. AKI and its classification were defined on the
basis of Kidney Disease Improving Global Outcomes (KDIGO)
guidelines: an increase in serum creatinine by >0.3 mg/dl
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(>26.5 pmol/l) within 48 h or an increase in serum creatinine
to >1.5 times baseline within the previous 7 days pre-opera-
tively [8,9]. AKI severity was assessed using the KDIGO crite-
rion [10]: increase in creatinine at 24 h after LT compared to
baseline. Postoperative renal status was categorized as follows:
no AKI (<1.5-fold increase in creatinine), stage | (1.5-2-fold in-
crease), stage Il (2-3-fold rise), and stage Il (>3-fold rise or the
commencement of RRT).

Data collection

Data for the following variables were obtained from patients’
medical records: patient characteristics (age, sex, BMI, diabe-
tes, hypertension, hepatic etiology, MELD score, and ascites);
preoperative laboratory test results (serum creatinine, pro-
thrombin activity, PT, INR, TBIL, albumin); operative variables
(operation duration, total fluid intake, crystal liquid, HES, 5%
albumin, RBC, FFP, EBL, urine output, and anhepatic phase); and
postoperative course (postoperative RRT, ICU and hospital stay
duration, in-hospital mortality, and hospitalization expense).

Statistical analysis

All data were analyzed using SPSS 22.0. Normally distribut-
ed measurement data are presented as mean and SD (x+SD)
and were analyzed using the t test. Skewed measurement data
are presented as median (interquartile ranges, IQR) and an-
alyzed using the Mann-Whitney U test. Categorical variables
are described as numbers (percentage) and were analyzed us-
ing the Pearson chi-square test or Fisher’s exact test. In logis-
tic regression, univariate and multivariate analyses were used

Patients transplanted during

Figure 1. Study profile.
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Table 1. Patient characteristics.
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Variable All patients (n=122)
Age (x+SD, yr) 50.66+11.19
 MalefFemale[n (] 97(79.91/25(201)
CBMIGSD, kg/m) 23561367
Diabetes[n (%] 0 82
Hypertension[n (] 12 (08
Ctiology
"""" Hepatic malignancy [n (%)] 60 (49.)
"""" Viral hepatitis [n %9)] 28 (29)
"""" Acoholics[n ()] 15 (123)
"""" Hepatic echinococcosis [n (%)) 6 (49
"""" Autoimmune hepatitis[n ()] 7 (57)
"""" Othesh 9] 6 (49

Ascites [n (%)] 56 (45.9)

AKI (n=52)

53.02+10.96 48.90+11.11 0.873
37(12/15088) 60(857)/10(143) 0049
2390842 2331532 0005
4 @n 6 (8§ o086l
6@ 6 (8§ 0586
"""""" 2 423 38 (43 o191
"""""" 16 308  12.07) 0077
ey  9(29 086
o 6 (89 o003
3 6® 4 6D 0%
""""""" s 09 1 (4 0402
1912(1177-2182) 1010726161 <0.001
""""""" s 06 4 (7)) o045
"""""" 2 (558 27 (386 0035

Values are presented as meansstandard deviation, median (IQR), or number (%). BMI — body mass index; MELD score — model for end-

stage liver disease (MELD) score.

for assessing the independent risk factors for AKI. P<0.05 was
considered statistically significant.

Results

Participants

A total of 131 adult recipients underwent LT during our enroll-
ment period (Figure 1). Nine patients were excluded (1 due to
age <18 years, 3 due to lack of clinical data, 2 due to receiv-
ing RRT before LT, 2 due to undergoing repeat surgery, and 1
due to death within first 24 h after transplantation). Finally,
122 patients were included in the study, and their biochemi-
cal data were analyzed.

Incidence of early AKI following LT

Of the 122 patients included in the study, AKI occurred in 52
(42.6%) patients according to the KDIGO criteria (stage |, 22.1%;
stage Il, 8.2%; and stage Ill, 12.3%). Most early AKI cases af-
ter LT were stage .

Risk factors for early AKI following LT

Patient characteristic data of the 122 eligible patients are pre-
sented in Table 1. The factors affecting postoperative AKI in
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univariate analysis were as follows: sex, BMI, hepatic etiology,
MELD score, and ascites. Results of univariate analysis of pre-
and intraoperative data are shown in Tables 2—-4. The follow-
ing factors were correlated with AKI: preoperative prothrom-
bin time (PT), international normalized ratio of prothrombin
time (INR), preoperative total bilirubin (TBIL), operative time,
total fluid intake, fresh frozen plasma (FFP) requirement, and
estimated blood loss (EBL) (P<0.05).

Effect of early AKI on patient outcomes

Compared with the non-AKI group, the AKI group patients
were significantly more likely to have received RRT, had lon-
ger postoperative ICU and hospital stays, higher in-hospital
mortality, and higher hospitalization costs (P<0.05) (Table 4).

Multivariate logistic regression analysis showed that BMI (ad-
justed odds ratio: 0.605, 95% confidence interval: 0.425-0.859;
P=0.005) and FFP (adjusted odds ratio: 0.998, 95% confidence
interval: 0.995-1.000; P=0.047) were independently correlat-
ed with AKI (Table 5).

Discussion

AKl is common in LT recipients, and its incidence varies in
previous studies with different diagnostic criteria [11,12].
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Table 2. Preoperative laboratory data.

Variable All patients (n=122) AKI (n=52) Non-AKI (n=70)

Serum creatinine [M (IQR), pmol/L] 70 (53.7-84.45)  68.85 (50.98-941) 7095 (60.0-84.45) 0.387
 Prothrombin activity (£SD%) 57.93:2806 - 4685£2693 6616£2614 0907
Prothrombin time [ (IQR),s] 15 (129-20) - 179 (1465-237) 137 (126-168) <0.001

'p”rtoet?ritr:’g'ii' t?&'?[ﬂz(fgéﬁtio of 135 (1.12-181) 151 (1.25-1.98) 123 (1.07-149) 0.001
 Total bilirubin [M (QR), pmol/l] 3443 (17.6-16485) 9525 (27.19-376) 2245 (1565-726)  <0.001
CAbumin[M(QR, gl 353 (3242-40) 3495 (322-39.35 358 (325-4105) 0199

Values are presented as meansstandard deviation, median (IQR), or number (%).

Table 3. Intraoperative factors.

Variable All patients (n=122) AKI (n=52) Non-AKI (n=70) P value

Operation duration [M (IQR), h] 9.0 (7.8-11.44) 9.75 (8.5-12.5) 8.5 (7.71-10.02) <0.001
| Total fluid intake G=SD, m) 7721894169973 823740192699 7338931140452 0002
Crystal liquid G£SD, m) 422197+163447 463471:169637 391536£1527.76 046
CHESMOQR,mI 0(0-10000 100 (0-1000) 00925 0899
© S%albumin G=SD, m) 2865.57+1279.59 2989424126368 2773574129261 0572
RBCGESD,U) 728574 10024642 5241418 0051
CFFPIM(QRLm] 700 (400-1000) 900 (600-1200) 400 (0-800)  <0.001
CEBLMOQR,mI 1000 (750-1700) 1500 (800-2750) 850 (600-1500)  0.005
Urine GeSD,mh) 213361£1277.13 1851711963 2343.0£130310 0936
 Anhepatic phase [M (QR), min] 75 (58-102) 78 (69-11025) 735 (57.75-102) 0379

Values are presented as meansstandard deviation, median (IQR), or number (%). EBL — estimated blood loss; RBC — red blood cells;
FFP — fresh frozen plasma; Cryo — cryoprecipitate; PLT — platelet.

Table 4. Postoperative outcomes.

Variable All patients (n=122) AKI (n=50) Non-AKI (n=72)

RRT [n (%)] 14 (11.5) 12 (23.1) 2 (2.9 <0.001
ICUdays [M (IQR),d] 3 4 4 (2-875 25 (4 0001
Rosttoperie (ospil sy [ 20 (15-30.75) 255 (15.75-48.75) 19 (15-25) 0.002

(IQR), d]
Deathin®] 3 5% 3 (58 o©® 0038
77777777777777777777777777777777777777777777777777777777777777777 2532349 3098572 2267023

Hospitalization expense [M (IQR), ¥] ) 0178 9 300904.9)  (263951.6-393104.1)  (205127.6-265889.9)

Values are presented as meansstandard deviation, median (IQR), or number (%). ICU — Intensive Care Unit; RRT — renal replacement
therapy.

Table 5. Logistic regression analysis of patients with and without AKI.

B P OR 95% Cl
BMI (kg/m?) -0.503 0.005 0.605 0.425-0.859
Intraoperative FFP infusion (ml) -0.002 0.047 0.998 0.995-1.000
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In the present study, we chose to use the traditional definition
of kidney injury, evaluated using changes in serum creatinine.
Serum creatinine is a more reliable and valid indicator to assess
renal function, although, alone, it cannot fully reflect GFR [7].

In this study, a retrospective case-control study involving 122
LT recipients was carried out to determine the incidence of
AKI and its relevant risk factors. The occurrence of early post-
operative AKl was 42.6% based on the KDIGO guidelines, and
most early AKI after LT was in AKI stage I/ (71.2%); these re-
sults are similar to previously reported trends. Therefore, it is
necessary to increase efforts to prevent AKI after LT, especial-
ly in the early postoperative period. Patients who develop AKI
following surgery should be actively treated to restore renal
function to normal levels as soon as possible to avoid persis-
tent AKI, further deterioration of renal function, and increased
risk of other postoperative adverse events.

Our univariate analysis showed that 12 factors affect postoper-
ative AKI, which is similar to previous studies [4,13-15]. Among
these factors, MELD score and other components of MELD such
as TBIL and INR are associated with AKI development, suggest-
ing that the severity of preoperative liver disease, as reflect-
ed by MELD score, is associated with AKI following LT [16,17].
Surprisingly, no significant correlation between preoperative
serum creatinine levels and AKI occurrence after LT was noted
in our study, perhaps because patients with severe liver dis-
ease show reduced serum creatinine due to factors such as
malnutrition and muscle atrophy. It is less reliable to estimate
renal function using serum creatinine for patients with liver
disease. In addition, prolonged PT and ascites are correlated
with postoperative AKI, and these are also indicators of prima-
ry liver function before surgery [18-20]. Therefore, for patients
with severe liver disease prior to surgery, the transplant itself
may herald the increased risk of postoperative AKI. However,
in this study, AKI incidence was lower in patients with hepat-
ic echinococcosis. The kidney function of the patient may be
impaired by the immune response caused by hepatic echino-
coccosis. However, the detection of serum creatinine does not
reflect the slight kidney damage caused by hepatic echinococ-
cosis due to the strong compensatory ability of the kidneys. It
may require further research by accumulating additional cas-
es to elucidate this finding. EBL appears to be another sign
of surgical complications or intraoperative adverse events. In
addition, hemodynamic instability or anemia caused by heavy
bleeding may reduce oxygen delivery to the kidney, eventual-
ly leading to kidney damage.

BMI is a common indicator used to evaluate the body’s metab-
olism, which may play an important role in AKI. Patients with
high BMI are at an increased potential risk of severe metabol-
ic syndrome and associated comorbidities (e.g., hypertension

CLINICAL RESEARCH

and cardio- and cerebrovascular diseases), glomerular hyper-
trophy, mesangial hyperplasia, and postoperative infection [21].
These changes can affect kidney function, even though no ap-
parent changes under normal conditions before LT are seen. In
our study, patients with higher BMI were more likely to devel-
op AKI after LT. However, the predictive value of BMI remains
controversial [22,23] because weight and BMI of patients may
be confounded by the ascites and fluid overload that can oc-
cur in patients preparing for LT [24,25]. The predictive effects
of BMI on AKI following LT may simply reflect the severity of
liver disease and/or renal function. The present study also
investigated whether infusion of FFP is involved in the AKI.
Kalisvaart et al. found that FFP requirement during LT was the
best predictor of post-transplant AKI [26]. In this study, FFP
requirement was independently associated with AKI, which is
consistent with previous research. This may be because pa-
tients often experience significant blood loss during LT due to
coagulopathy and portal hypertension. In addition, coagulop-
athy and fibrinolysis reflect severe hepatic ischemia/reperfu-
sion injury and early impaired graft function [27,28].

AKI was remarkably associated with higher likelihood of re-
ceiving RRT, prolonged postoperative ICU and hospital stays,
and increased hospitalization costs. As demonstrated in our
study, AKI following LT was also associated with higher mor-
tality. These results indicate the complexity of the postopera-
tive course in patients undergoing LT, although this finding is
merely an association and does not imply a causal relationship.

Our study has some limitations. First, this was a single-cen-
ter, retrospective, observational study with a relatively small
number of cases, which may reduce the generalizability of our
results. Second, there were restrictions on access to data; for
example, since preoperative urine output was not recorded in
our database, the true renal function status of patients with
severe liver disease could not be reported.

Conclusions

In conclusion, the incidence of early AKI following LT, specifical-
ly AKI stage I/11, is high in our hospital. BMI and intraoperative
FFP infusion are independently associated with AKI develop-
ment. AKl is significantly associated with prolonged hospital-
ization and increased hospitalization costs. In the future, pro-
spective trial validation, preferably in a multicenter study with
a large cohort, is required.
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