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Introduction
The kidney injury is one of the most common complications after liver transplantation, which 

has a significant impact on the recipient's quality of life and long-term survival, and is one of the 
main causes of death after orthotopic liver transplantation [1-4]. The incidence of acute kidney 
injury has been reported to vary between 17% and 95% after orthotopic liver transplantation, 
with an average incidence of 60.0% [5]. The proportion of patients requiring Renal Replacement 
Therapy (RRT) immediately after liver transplantation was as high as 8.0%~17.1%, which seriously 
affected the function of transplanted organs, resulting in prolonged postoperative hospital stay, 
prolonged mechanical ventilation, increased incidence of infection and increased treatment costs 
[6]. Therefore, prevention and treatment of AKI after liver transplantation was of great clinical 
significance in improving the short-term and long-term prognosis after liver transplantation. 
Previous studies have defined multiple criteria for AKI after organ transplantation, leading to great 
differences in the reported incidence of AKI [7,8]. In 2012, the Kidney Disease Improving Global 
Guidelines (KDIGO) Clinical Practice Guidelines standardized and unified the classification and 
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Abstract
Background: To investigate the protective effect of recombinant human Brain Natriuretic Peptide 
(rhBNP) on Acute Renal Injury (AKI) after liver transplantation.

Methods: A retrospective cohort study was analyzed by collecting clinical and epidemiological data 
of 136 patients who underwent liver transplantation from March 2018 to December 2020. Patients 
were divided into rhBNP group (88 cases) and non-rhBNP group (48 cases) according to whether 
they were treated with rhBNP after the operation. The changes of liver and renal function after 
operation and the difference of clinical prognosis were studied.

Results: Patients (50.0%) in non-rhBNP group had a significantly higher incidence of AKI than 
those (31.8%) in rhBNP group (P=0.04), especially the AKI stage I. Average levels of serum creatinine 
within seven days were significantly lower in the rhBNP group than that in the non-rhBNP group 
(P=0.01). The rate of postoperative CRRT did not differ significantly between the two groups. 
However, the use of furosemide was significantly greater in the non-rhBNP group (P<0.001). The 
in-hospital mortality rate after liver transplantation was 18.2% in the rhBNP group and 22.9% in the 
non-rhBNP group. The mean length of Intensive Care Unit (ICU) stay in the rhBNP group was 2.9 
± 5.0 days, significantly shorter than the 6.4 ± 16.2 days in the non-rhBNP group (P=0.02). There 
were significant differences in the survival distributions of patients after liver transplantation with 
AKI versus non-AKI (P<0.001) by Kaplan-Meier curve analysis.

Conclusion: The application of rhBNP in patients after liver transplantation could reduce kidney 
injury, reduce the risk of postoperative AKI, increased urine volume after surgery, decrease the 
length of stay in ICU and improve the clinical prognosis of patients. It provided a new path for the 
clinical prevention and treatment of AKI after liver transplantation.
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diagnostic criteria of AKI after liver transplantation [9]. It provided 
us a welcome and timely synthesis of the evidence base to support 
the management of AKI [9,10]. This study analyzed AKI after liver 
transplantation based on the above guideline. At present, few studies 
have reported a drug that can specifically prevent or treat AKI. Brain 
Natriuretic Peptide (BNP) was first extracted from pig brain tissue by 
a Japanese study team [11]. BNP belonged to the natriuretic peptide 
family and was primarily secreted by cardiomyocytes in the ventricles 
under volume or pressure overload conditions [12]. Studies on BNP 
have focused on its role in the diagnosis and treatment of heart failure, 
improvement of cardiac function and prognosis, and improvement of 
cardiac remodeling, while few studies have reported its value in the 
prevention and treatment of AKI after liver transplantation [13,14]. 
Recombinant human Brain Natriuretic Peptide (rhBNP) was the 
natural blockers of Renin-Angiotensin-Aldosterone System (RAAS) 
[15]. However, it was not clear whether rhBNP could protect kidney 
against damage. There have been a few reports on the impact of rhBNP 
on AKI, but the results were ambiguous [16]. Therefore, influence of 
rhBNP on AKI needs to be further researched and clarified. Based 
on the above evidence, we observed the effect of rhBNP on the 
changes of liver and renal function and clinical prognosis after liver 
transplantation. The results of this study could provide a reference for 
the clinical application of rhBNP in the treatment of AKI after liver 
transplantation.

Methods
Study design and patients

We recruited 136 patients who underwent liver transplantation in 
the First Affiliated Hospital of Nanjing Medical University between 
May 2018 and December 2020 in Jiangsu Province, China, and 
described in detail the clinical efficacy of rhBNP in these patients. 
The research was approved by the institutional ethics board of the 
First Affiliated Hospital of Nanjing Medical University. This study 
is a retrospective observational study, and informed consent is not 
available to all patients. The preoperative and postoperative clinical 
data of the included patients were retrieved using the teaching 
hospital’s central electronic record system to identify cases with all 
of the following characteristics: Liver transplantation performed 
between May 2018 and December 2020; adult patients (age ≥ 18 
years); and complete medical history and laboratory results during 
hospitalization. Patients with uremia or chronic renal failure before 
operation and those who died during or within 24 h after the liver 
transplantation operation were excluded. The characteristics of each 
case were collected from the electronic medical records database by the 
first author. A retrospective cohort study design was employed. The 
epidemiological characteristics, clinical characteristics and laboratory 
findings of liver transplantation patients, as well as the incidence of 
postoperative AKI and the use of rhBNP were analyzed. The rhBNP 
and non-rhBNP subgroups were compared to identify the clinical 
effect of rhBNP on postoperative AKI. Most of the characteristics of 
our cohort of patients after liver transplantation are shown in Table 1.

Procedures
Information recorded included demographics [including age, sex 

and Body Mass Index (BMI)], underlying diseases, complications, 
Model for End stage Liver Disease (MELD) score [17], laboratory 
findings (levels of serum creatinine, alanine aminotransferase and 
aspartate aminotransferase) and clinical features (urine volume and 
time of an hepatic period) prior to and during treatment. Treatment 
variables included the use of rhBNP, the use of diuretic, and the 

application of Continuous Renal Replacement Therapy (CRRT). 
Clinical outcomes consisted of in-hospital mortality, length of ICU 
stay, total length of hospital stay and the incidence of AKI. If the 
records were missing or needed to be clarified, we obtained the data 
through direct communication with the attending physicians and 
other health care providers. The data was reviewed by a trained team 
of physicians. In this study, orthotopic liver transplantation was used 
in most cases. After surgery, all patients were transferred to ICU and 
maintained sedation for 3 h. After confirmation of hemodynamic 
stability, sedation was then stopped and the trachea was extubated. 
After being transferred to ICU after surgery, the observation group 
was given continuous pumping of rhBNP at the concentrations of 
10 μg/mL with the dose of 0.01 μg/kg/min maintained no less than 
48 h in addition to routine treatment. The control group received no 
continuous pumping of rhBNP and received only routine treatment. 
According to the above treatment methods, the clinical data of 136 
patients were divided into two groups for comparison to evaluate the 
clinical effect of rhBNP on AKI.

Definition of postoperative AKI
Early AKI after liver transplantation was determined according to 

the Renal Disease: Improving Global Outcomes (KDIGO) criteria [9]. 
Maximum serum Creatinine (sCr) levels were measured in the first 
week after surgery and compared with preoperative baseline levels 
[18]. AKI could be diagnosed by meeting any of the following criteria: 
The increase of sCr level during 48 h ≥ 26.5 μmol/L (≥ 0.3 mg/dL) or 
the sCr level increased to 1.5 times the base value within seven days or 
the urine volume <0.5 mL/kg/h for six hours. The severity of AKI was 
divided into the following categories [18]: The AKI stage I was a 1.5 to 
1.9 times increase in the level of sCr from baseline or an increase of ≥ 
26.5 μmol/L (≥ 0.3 mg/dL) compared with the baseline; AKI stage II 
was the level of sCr 2.0 to 2.9 times the baseline; AKI stage III was the 
level of sCr 3.0 times the baseline or an increase of ≥ 353.6 μmol/L (≥ 
4.0 mg/dL) or the application of Renal Replacement Therapy (RRT).

Statistical analysis
Continuous variables were compared with the Student t test 

(for normally distributed variables) or the Mann-Whitney U test 
(for non-normally distributed variables). Categorical variables 
were evaluated with the χ2 or 2-tailed Fisher exact test. Results are 
expressed as mean ± standard deviation (SD) or median (range; 
continuous variables) or as percentages of the group from which 
they were derived (categorical variables). Two-tailed tests were used 
to determine statistical significance; a value of P less than 0.05 was 
considered significant [19,20]. Survival distribution functions were 
estimated using the Kaplan-Meier method; nonparametric (log-
rank and Wilcoxon) tests were used to compare survival functions 
in different groups. All statistical analyses were performed with the 
SPSS, version 20.0.

Results
Demographic and baseline characteristics

Of the 234 patients who underwent liver transplantation in our 
hospital between May 2018 and December 2020, 136 cases (88 cases 
from rhBNP group and 48 cases from non-rhBNP group) met the 
criteria for inclusion in this study. The main demographics and clinical 
characteristics of patients with rhBNP and non-rhBNP subgroups are 
shown in Table 1. There was no significant difference in gender and 
age distribution between patients with rhBNP and non-rhBNP. In the 
rhBNP group, 65 (78.4%) were man; the median age of the patients 
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was 52 years (range, 20 to 72); the mean BMI of the patients was 23.51 
± 3.3 kg/m²; the median MELD score at admission was 17 (range, 
4 to 58). There were 43 (89.6%) males in the control group, with an 
average BMI of 23.18 ± 3.6 kg/m², a median age of 53 years (range 
18 to 78) and a median MELD score of 19 (range 5 to 74) points. 
In both groups, hepatic malignant tumor (46% and 45.8%) was the 
most common etiology of liver transplantation, followed by hepatitis, 
including hepatitis B and hepatitis C, whereas congenital biliary 
atresia and Wilson disease were rare. In the rhBNP group, 37 patients 
(42.0%) had hypertension and 12 patients (13.6%) had diabetes; in 
the control group, 19 (39.6%) had hypertension and 5 (10.4%) had 
diabetes. There was no statistically significant difference between the 
two groups in the underlying diseases. Preoperative mean levels of 
albumin, hematocrit and platelet count for these patients were lower 
than the normal value. The average levels of alanine aminotransferase 
and aspartate aminotransferase in both groups were above the normal 
range. Preoperative serum creatinine levels were in the normal range 
in both groups, and there was no statistical significance between the 
two groups.

Postoperative changes in liver and kidney function
The time of a hepatic period was similar between the two groups, 

and there was no significantly statistical difference between the two 
groups in the time of a hepatic period during liver transplantation 
(P=0.17). According to the KDIGO criteria, a total of 52 patients 
(38.2%) developed AKI immediately after liver transplantation in 
Table 2. The severity of AKI stage was as follows: 19 cases (14.0%) in 
stage I, 21 cases (15.4%) in stage II, and 12 cases (8.8%) in stage III. 
Patients in non-rhBNP group had a greater incidence of AKI than 
those in rhBNP group (P=0.04). Further comparison of the differences 
in each stage of AKI showed that the incidence of AKI stage I in the 
rhBNP group was significantly lower than that in the non-rhBNP 
group (P=0.03). The levels of alanine aminotransferase and aspartate 
aminotransferase significantly increased from the preoperative phase 
to the after liver transplantation phase in both groups. However, no 
differences in postoperative levels of alanine aminotransferase and 
aspartate aminotransferase were observed between the rhBNP and 
non-rhBNP groups. Average levels of serum creatinine within seven 
days were significantly lower in the rhBNP group than that in the 
non-rhBNP group (P=0.01); the mean urine volume per hour on the 

Table 1: The demographic and clinical features of the 136 patients before liver transplantation.

Characteristics
Patients P value

rhBNP group (n=88) Non-rhBNP group (n=48)

Male sex 69 (78.4) 43 (89.6) 0.10

Age, yrs, median (range) 52 (20-72) 53 (18-78) 0.88

BMI, kg/m², mean ± SD 23.51±3.3 23.18 ± 3.6 0.90

MELD score on admission, median (range) 17 (4-58) 19 (5-74) 0.06

Etiology

Hepatic malignant tumors 41 (46.6) 22 (45.8) 0.93

Hepatitis B 12 (13.6) 11 (22.9) 0.17

Hepatitis C 4 (4.5) 2 (4.2) 0.92

Autoimmune 4 (4.5) 1 (2.1) 0.47

Primary biliary 5 (5.7) 2 (4.2) 0.70

Nodular 13 (14.8) 4 (8.3) 0.28

Alcohol 3 (3.4) 2 (4.2) 0.82

Drug & Toxin 3 (3.4) 2 (4.2) 0.82

Wilson disease 2 (2.3) 1 (2.1) 0.94

Congenital biliary atresia 1 (1.1) 1 (2.1) 0.66

Underlying diseases

Hypertension 37 (42.0) 19 (39.6) 0.78

Diabetes 12 (13.6) 5 (10.4) 0.59

Autoimmune disease 4 (4.5) 2 (4.2) 0.92

Laboratory index

 Hematocrit, %, normal range 40-50, mean ± SD 30 ± 4 31 ± 3 0.16

White blood cell count, ×109/L, normal range 4-10, mean ± SD 4.3 ± 1.9 4.6 ± 2.1 0.37

 Platelet count, ×109/L, normal range 100-300, mean ± SD 65 ± 40 62 ± 35 0.29

ALT, U/L, normal range 9-50, mean ± SD 135 ± 46 126 ± 58 0.69

AST U/L, normal range 15-40 108 ± 34 97 ± 42t 0.79

Albumin, g/L, normal range 40-50, mean ± SD 31 ± 3.3 28 ± 3.3 0.19

sCr, μmol/L, normal range 44-133, mean ± SD 65.3 ± 15.6 61.3 ± 13.2 0.16

Data are expressed as number (%) unless otherwise specified.
Abbreviations: ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; BMI: Body Mass Index; MELD: Model for End Stage Liver Disease; rhBNP: 
Recombinant Human Brain Natriuretic Peptide; sCr: Serum Creatinine; SD: Standard Deviation
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third day after surgery was higher in the rhBNP group (P=0.02).

Treatment and outcomes
The rate of postoperative CRRT did not differ significantly 

between the two groups. However, there were 66 patients (75.0%) 
in the rhBNP group and 47 patients (97.9%) in the non-rhBNP 
group who were given furosemide after surgery. Hence, the use 
of furosemide was significantly greater in the non-rhBNP group 
(P<0.001). The in-hospital mortality rate after liver transplantation 
was 18.2% (16/88) in the rhBNP group and 22.9% (11/48) in the non-
rhBNP group, respectively, with no statistically significant difference 
between the above two groups. Similarly, there was no significantly 
statistical difference in total length of stay between the two groups. 
However, the mean length of ICU stay in the rhBNP group was 
2.9 ± 5.0 days, significantly shorter than the 6.4 ± 16.2 days in the 
non-rhBNP group (P=0.02). The influence of the occurrence of 
AKI after liver transplantation on the Kaplan-Meier curve during 
hospitalization was further analyzed. Survival distributions were 
significantly different in patients after liver transplantation with AKI 
versus non-AKI (Figure 1).

Discussion
Liver transplantation has become one of the most effective 

methods for the treatment of end-stage liver diseases and acute liver 

failure [21]. In recent years, with the maturity of organ transplantation 
technology, the success rate of liver transplantation had significantly 
increased, but the incidence of perioperative organ injury was still 
high, among which AKI was a common complication after liver 
transplantation and an important factor affecting the prognosis of 

Characteristics
Patients P value

rhBNP group (n=88) Non-rhBNP group (n=48)

Time of anhepatic period, minutes, mean ± SD 62.4 ± 20.8 66.6 ± 20.7 0.17

Urine volume, mL/h, mean ± SD

 The first day 75 ± 40 70 ± 40 0.43

 The second day 102 ± 47 98 ± 43 0.64

 The third day 106 ± 50 95 ± 41 0.02

Laboratory index

sCr, μmol/L, normal range 44-133, mean ± SD

Within first 48 hrs 90.2 ± 79.2 92.9 ± 65.2 0.48

Within 7 days 109.8 ± 125.1 141.6 ± 141.1 0.01

ALT, U/L, normal range 9-50, mean ± SD 2098.3 ± 2465.7 2119.5 ± 2378.2 0.70

AST, U/L, normal range 15-40, mean ± SD 2040.7 ± 2283.1 2572.1 ± 2720.8 0.69

Incidence of AKI 28 (31.8) 24 (50.0) 0.04

AKI stage

I 8 (9.1) 11 (22.9) 0.03

II 13 (14.7) 8 (16.7) 0.77

III 7 (8.0) 5 (10.4) 0.63

Treatment

The use of Furosemide 66 (75.0) 47 (97.9) <0.001

The dose of Furosemide, mg, median (range) 30 (0-540) 60 (0-2880) <0.001

Continuous renal replacement therapy 13 (14.8) 7 (14.6) 0.72

Outcomes

Death 16 (18.2) 11 (22.9) 0.51

Length of ICU stay, days, mean ± SD 2.9 ± 5.0 6.4 ± 16.2 0.02

Total length of stay, days, mean ± SD 28.4 ± 12.7 33.9 ± 31.7 0.97

Table 2: The clinical characteristics of the rhBNP versus non-rhBNP subgroups after liver transplantation.

Data are expressed as number (%) unless otherwise specified.
Abbreviations: AKI: Acute Kidney Injury; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; ICU: intensive care unit; rhBNP: Recombinant Human 
Brain Natriuretic Peptide; sCr: Serum Creatinine; SD: Standard Deviation

Figure 1: Kaplan-Meier curves showed the influence of the occurrence of 
acute kideny injury on in-hospital mortalityof patients after liver transplantation 
(P<0.001).
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patients [22,23]. It had been reported that the incidence of AKI after 
orthotopic liver transplantation was 5%~94% [5]. In recent years, the 
incidence of AKI after liver transplantation in China was 4%~20%, 
which was different from that in other countries [24]. This may be 
due to different diagnostic criteria for acute kidney injury used in 
previous studies, including the RIFLE or AKIN criteria, leading to a 
large difference in the reported incidence of AKI. In this study, AKI 
after liver transplantation was diagnosed and graded based on the 
KDIGO criteria [9], instead of the RIFLE or the AKIN classification. 
The results showed that of the 136 patients, 52 patients developed 
AKI after surgery, with an incidence rate of 38.2%, among which the 
incidence rate of AKI was 31.8% in the rhBNP group, significantly 
lower than the 50.0% in the non-rhBNP group, especially the 
AKI stage I. It has been demonstrated that the use of rhBNP after 
liver transplantation can reduce the risk of AKI in patients. Liver 
transplantation was characterized by large trauma and long operation 
time, and the mechanism of postoperative AKI was complex. In 
addition to the age of the recipients, preoperative MELD scores, the 
levels of serum creatinine before surgery, the levels of serum albumin 
and other related basic situation, the occurrence of AKI was associated 
with the application of drugs resulted in kidney injure, the cold 
ischemia time of donor liver, the complexity of surgical procedures, 
the renal ischemia-reperfusion injury, and the triggering of cascades 
of inflammatory response, neuroendocrine response and excessive 
activation of Renin-Angiotensin-Aldosterone System (RAAS). At 
present, the inflammatory response and over-activation of RAAS 
have attracted much attention [25]. The BNP was a natriuretic peptide 
hormone that was released in large quantities from the ventricles 
during ventricular hypertrophy, increased ventricular wall pressure, 
or volume overload. Previous studies had shown that it could regulate 
vascular tension, regulate fat metabolism, improve the volume load, 
increase glomerular filtration rate and promote the excretion of 
water and sodium, thus restraining RAAS activity [26,27]. The main 
components of rhBNP had the same activity as BNP, which could 
decrease pre load and post load of heart, reduce pulmonary artery 
pressure, increase cardiac minute output, inhibit the RASS activity 
and increase the urine volume [16,28]. It could also promote the 
production of Nitric Oxide (NO) to regulate the body's inflammatory 
response [28]. Therefore, it has been theoretically proved that rhBNP 
can prevent and control the occurrence and progression of AKI after 
liver transplantation. In this study, we analyzed the preventive and 
therapeutic effect of rhBNP on AKI after liver transplantation, and 
found that compared with the non-rhBNP group, the patients in the 
rhBNP group had significantly increased urine volume on the third 
day after surgery, the reduced use of diuretics and decreased the 
levels of serum creatinine within one week after surgery. The results 
suggested that rhBNP could reduce renal injury of patients and the 
incidence of AKI after liver transplantation. Some studies had reported 
that the mortality rate of patients with AKI after orthotopic liver 
transplantation was high, with the mortality rate of 35%~45% in one 
year [29]. In consequence, we further studied the prognostic effect of 
rhBNP on patients, and found that there was no significant difference 
in in-hospital mortality rate between the two groups, but the length 
of stay in ICU of patients in the rhBNP group was significantly lower 
than that in the non-rhBNP group. At the same time, we also analyzed 
the effect of AKI on the survival curve of these patients, and proved 
that survival distributions were significantly different in patients 
after liver transplantation with AKI versus non-AKI. We hope that 
our findings can provide some reference experience and theoretical 
basis for the global community to treat and prevent the AKI cases 

after liver transplantation. Our study has several limitations. In the 
first place, it was a retrospective study, and some important data 
may have been omitted. Secondly, it was a single-center study, with 
a lack of homogeneity in the etiologies of liver transplantation, and 
the sample size was limited. Moreover, in our study, primary clinical 
outcomes of AKI cases after liver transplantation were confined to 
the changes of serum creatinine and urine volume within 7 days after 
surgery; other clinical outcomes beyond the postoperative period 
were not analyzed. Finally, the specific role and pathophysiological 
mechanism of the rhBNP in the prevention and treatment of AKI still 
need to be confirmed by later studies. The data in this study provided 
preliminary guidance for the optimal treatment of AKI patients after 
liver transplantation. Further studies with larger sample sizes are 
needed to confirm the results.

Conclusion
The use of rhBNP after liver transplantation was beneficial to 

reduce the risk of postoperative AKI, increased urine volume after 
surgery, decrease the length of stay in ICU and improve the clinical 
prognosis of patients after liver transplantation.
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