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Background: Acute kidney injury (AKI) is a common and multifactorial complication after liver 
transplantation (LT). Myoglobin (Mb) which can be served as O2 storage and delivery depot is present in 
muscles and cardiac myocytes. Previous studies had shown the close relationship between Mb and AKI. 
But there is a lack of clinical studies for Mb with the risk of AKI due to LT. This study was performed to 
determine the association between the serum level of Mb and incidence of AKI in patients underwent LT.
Methods: The clinical data of 140 consecutive adult patients who underwent LT at our center from June 
2018 to August 2020 were analyzed in this study. One hundred and fifteen patients met the inclusion criteria. 
The performances of postoperative laboratory variables (including serum Mb) were evaluated. The outcomes 
after LT, including the duration of intensive care unit (ICU) stay, hospital stay and 28-day mortality, were 
also measured.
Results: We divided 115 patients into AKI group (n=44) and non-AKI group (n=71). Serum Mb on post-
operative day 0 (POD0) was significantly higher in AKI group than those in non-AKI group (P<0.001). 
According to univariate and multivariable logistic regression analysis, the levels of serum albumin 
(P=0.024), alanine transaminase (P=0.007) and Mb (P=0.006) on POD0 were independently associated with 
development of new AKI. The area under curve (AUC) of serum Mb after LT immediately had the best 
value for predicting AKI [AUC: 0.755, sensitivity: 63.6%, specificity: 77.3%, 95% confidence interval (CI): 
0.661–0.849], its cut-off value was 957 ng/mL.
Conclusions: Postoperative serum Mb was an independent risk factor for new AKI and could increase the 
accuracy of predicting the occurrence of post-LT AKI.
Trial Registration: The study was registered in Chinese Clinical Trial Registry (registration number: 
ChiCTR2100044257).
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Introduction

Liver transplantation (LT) which can significantly improve 
the quality of life and improve long-term results continues 
be the only available treatment for patients with end-stage 
liver disease such as liver cancer or acute and subacute liver 
failure (1). In the past decade, the survival rate of patients 
after LT has increased substantially, but the incidence 
of postoperative complications remains high due to 
drastic pathophysiological changes such as hemodynamic 
alterations and inflammation-related stress (2-4).

During LT, hemodynamic instability will occur when 
interrupt the portal vein, resulting in major organ hypo-
perfusion. Such as concomitant acute kidney injury (AKI), 
with high morbidity and mortality, is not uncommon after 
LT which related to poor prognosis (5-7). In addition, 
postoperative AKI, even when transient, has been associated 
with poor long-term graft and a reduced patient survival. 
And even in patients with normal preoperative renal 
function, AKI is frequent (8,9). Therefore, it is important 
to identify the novel risk factors to prevent its occurrence. 
To date, many studies have tried to find the biomarkers 
to predict AKI, such as neutrophil gelatinase-associated 
lipocalin (NGAL), cystatin C and interleukin-18, and 
prevent the occurrence of it (10-12). Moreover, the 
treatments of AKI were still controversial, although serval 
strategies have been studied (13). Thus the early and 
rapidly diagnosis and therapy of AKI is a critical part of the 
management.

Patients after major operation are often hyper-myoglobin 
(hyper-Mb), due to intraoperative muscle damaged by 
physical or biochemical injury. So during LT, intraoperative 
trauma might be the cause of raised Mb (14). Mb, with 
small molecular, is a pigment protein which is freely filtered 
by the glomerulus, enters the tubule epithelial through 
endocytosis, and is widely found in muscle tissue (15). After 
muscle damage, Mb is rapidly released into the blood, and is 
immediately eliminated by the kidney. So an accumulation 
of large amount Mb in the distal renal tubule is responsible 
for AKI as a consequence. Instead of muscle injury, the 
elevated serum Mb level can also be observed in these 
following conditions: multi-organ failure, sever infection 
and major surgery (16). Furthermore, it has been shown 
that Mb itself is significantly related to poor outcome of 
diseases such as acute trauma, myocardial infarction, severe 
sepsis and so on (17,18).

There are many independent risk factors for the 
occurrence of AKI after LT including early postoperative 

hypoalbuminemia, preoperative higher vitamin B12, 
intraoperative hypotension, postoperative severe infection, 
and peak log of aspartate aminotransferase (AST) at 
postoperative which have been indicated in previous studies 
(19-23). However, the correlation between the levels of 
serum Mb and the occurrence of AKI after LT is still no 
clear. Furthermore, if the patients who underwent LT 
and got AKI can be identified and intervened early, it will 
facilitate renal function recovery. The current study aimed 
to evaluate and validate the occurrences of AKI with serum 
levels of Mb in patients after LT. We also determined 
the clinical predictive value of Mb for AKI as a potential 
biomarker. We present the following article in accordance 
with the STARD reporting checklist (available at https://
dx.doi.org/10.21037/apm-21-2340).

Methods

Study population

This study prospectively collected the data from 140 
consecutive adult patients (age >18 years) underwent 
orthotopic LT (OLTx) in surgical intensive care unit (ICU) 
of Beijing Chaoyang Hospital between June 2018 and 
August 2020 which collected by the electronic medical 
record system. All patients have given their informed 
consent prior to their inclusion in the study. Our liver 
allografts were from donation after cardiac death (DCD). 
Piggy back or veno-venous bypass were not used in all 
patients. The study conformed to the provisions of the 
Declaration of Helsinki (as revised in 2013). Our study 
was approved by the Institutional Review Board (Beijing 
Chaoyang Hospital Affiliated to Capital Medical University, 
approval number: 2021-55). Patients were excluded if they 
met any of the exclusion criteria: (I) preoperative AKI; (II) 
preoperative CKD; (III) expecting to die within 3 days 
after LT. At last, a total of 25 patients were excluded from 
analysis, the remaining 115 patients were analyzed.

Clinical data

According to the previous study, the data associated with 
postoperative AKI after LT were collected (5,20,24,25). 
Baseline characteristics of patients were obtained including 
age, sex, body mass index (BMI), model for end-stage liver 
disease (MELD) score, Child-Pugh classification, aetiology 
for LT (tumor, viral disease, alcoholic or others), and 
history of hypertension, diabetes mellitus, coronary disease 

https://dx.doi.org/10.21037/apm-21-2340
https://dx.doi.org/10.21037/apm-21-2340
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or infection, as well as use of diuretics and nephrotoxic 
drug including vancomycin, aminoglycosides, rifampicin, 
amphotericin B, immunosuppressants and chemotherapy, etc. 
Laboratory data included leukocyte, hemoglobin, platelets, 
albumin, AST and alanine aminotransferase (ALT), total 
bilirubin (TB), direct bilirubin (DB), indirect bilirubin (IB), 
ammonia, international normalized ratio (INR), prothrombin 
time (PT) and creatinine at preoperative. These data were 
collected from the latest preoperative data. Intraoperative 
data included duration of operation, intraoperative blood loss, 
transfusion volume of blood components, fluid balance, urine 
output, the maximum dose of norepinephrine, cold ischemic 
time (CIT) and warm ischemic time (WIT). The mean urine 
output was calculated by averaging the total collected volume 
during surgery. Furthermore, serum albumin, AST, ALT, TB, 
DB, IB, PT, INR, prothrombin activity (PA) and ammonia 
of patients were measured again on admission to ICU 
immediately [post-operative day 0 (POD0)]. The first test 
result which measured after surgery immediately of serum 
Mb and procalcitonin (PCT) were also obtained. Otherwise, 
mean arterial pressure (MAP), Sequential Organ Failure 
Assessment (SOFA) score and Acute Physiology Chronic 
Health Disease Classification System II (APACHE II) score 
were also collected after entering ICU immediately. All data 
can be extracted directly from the electronic medical record 
system.

Outcomes and definitions

Our primary outcome was the incidence of new AKI within 
72 hours after operation. The secondary outcomes were 
28-day mortality, the length of ICU and hospital stay, as 
well as the incidence of early allograft dysfunction (EAD) 
and primary allograft non-function (PNF). We defined 
AKI based on the maximal change in serum creatinine level 
within POD3, not urine output, according to the Kidney 
Disease: Improving Global Outcome (KDIGO) criteria 
(Table S1): an increase in serum creatinine by ≥26.5 μmol/L 
(≥3 mg/dL) within 48 h; or an increase in serum creatinine 
to ≥1.5 times baseline, which is known or presumed to have 
occurred within the first 3 days PODs. AKI was classified 
based on increase of serum creatinine as followed: stage 1, 
1.5–1.9; stage 2, 2–2.9; stage 3, >3 folds increase from the 
baseline respectively within the first 3 days (26,27). Baseline 
creatinine was the most recent result before operation. 
However, if the baseline creatinine was not available, it will 
be estimated by formula as followed: serum creatinine = {75/

[186 × (age−0.203) × (0.742 if female) × (1.21 if black)]}−0.887 (27).  
We also recorded whether patients needed continuous 
renal replacement therapy (CRRT). CRRT was initiated if 
patients met at least one of the following conditions: severe 
acidosis (pH <7.15); severe hyperkalemia (K+ >6.5 mmol/L);  
severe pulmonary edema resistant to diuretics; oliguria  
>72 hours; serum urea >40 mmol/L (28). The diagnosis of 
EAD was required to meet one or more the following terms: 
ALT level or AST level >2,000 IU/mL within the first  
7 PODs; bilirubin 10 mg/dL on POD7; INR 1.6 on POD7. 
PNF was defined as the requirement of retransplantation or 
leading to death within 7 PODs (29).

Statistical analysis

SPSS statistical software version 26.0 (IBM, Chicago, IL, 
USA), GraphPad Prism 8.3.0 (Graphpad Software Inc., 
San Diego, CA, USA) were used to perform all analysis in 
our study. Participants were categorized into AKI group 
and non-AKI group based on KDIGO criteria. This study 
compared the baseline characteristics between two groups 
using t-test, the χ2 test or Fisher’s exact test and the Mann 
Whitney U test, as appropriate. Continuous variables were 
described as mean ± standard deviations (SDs) or median 
[interquartile range (IQR)]. Categorical variables were 
described as absolute counts and percentages. The integrity 
was achieved using multiple imputations to account for 
missing data. The association between perioperative factors 
as well as laboratory data and AKI was analyzed with 
univariate and multivariate logistic regression. Those factors 
which is potentially significant (P<0.1) in univariate logistic 
analyses were entered into multivariate logistic analyses. 
We produced the receiver operating characteristic (ROC) 
curve to assess the level of Mb and the diagnostic prediction 
of AKI. The diagnostic performance was evaluated 
through the area under the ROC curve (AUC-ROC). And 
the sensitivity, specificity and their corresponding 95% 
confidence intervals (CIs) were recorded, as well as cut-off 
value for the best predict parameter. P values under 0.05 
were considered statistically significant.

Sample size

According to previous study, the incidence of AKI after LT 
was 46.7%. A sample of 110 was required at a significance 
level of α=0.05, with a power of 85% and allow for 10% 
missing data.

https://cdn.amegroups.cn/static/public/APM-21-2340-supplementary.pdf
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Results

Baseline characteristics

The parameters between two groups were compared, as 
summarized in Table 1. One hundred and fifteen patients 
were screened in this study and they were largely male 
(86.9%). According to the definition of AKI, there were 44 
(38.3%) patients with AKI as the AKI group and another 
71 (61.7%) patients without AKI as the non-AKI group 
(Figure 1). There was no significant difference in diuretics 
use, nephrotoxic drugs use and other baseline characteristics 
between two groups.

Perioperative laboratory data

A comparison of the preoperative, intraoperative and 
postoperative data was listed in Table 2. The duration of 
surgery was higher in patients with AKI than these without 
AKI [9.69 (7.86, 10.79) vs. 8.66 (7.43, 9.58), P=0.026]. 
Moreover, the mean (IQR) of urine output at intraoperative 
were 155 [92, 191] mL/h for the patients with AKI and 
219 [150, 270] mL/h for those without AKI (P<0.001). 
Maximum dose of norepinephrine was also lower in the 
non-AKI group than in the AKI group (P=0.030). We 
measured biochemical and coagulation indexes again when 

Table 1 Demographic data and clinical characteristics of patients

Group All (n=115) AKI (n=44) Non-AKI (n=71) P value

Characteristics

Age (years) 53 [48, 60] 52 [48, 59] 54 [48, 60] 0.557

Male gender, n (%) 100 (86.9) 39 (88.6) 61 (85.9) 0.674

BMI (kg/m2) 23.7 [20.8, 25.8] 23.9 [20.6, 26.2] 23.6 [21.0, 25.5] 0.848

MELD score 14 [9, 18] 16 [8, 18] 14 [9, 17] 0.358

MELD-Na score 13.3 [8.0, 15.5] 14.5 [8.0, 18.0] 12.5 [8.5, 14.1] 0.345

Child-Pugh classification, n (%)

Class A 24 (20.9) 9 (20.5) 15 (21.1) 0.931

Class B or C 91 (79.1) 35 (79.5) 56 (78.9)

Diuretics use 40 (34.8) 16 (36.4) 24 (33.8) 0.779

Nephrotoxic drugs use 11 (9.6) 6 (11.4) 5 (7.0) 0.330

Etiology of liver disease, n (%)

Alcohol-related 7 (6.1) 2 (4.5) 5 (7.0) 0.586

Viral diseases 38 (33.0) 15 (34.1) 23 (32.4) 0.851

Liver tumor 52 (45.2) 20 (45.5) 32 (45.1) 0.868

Other liver diseases 18 (15.7) 7 (15.9) 11 (15.5) 0.952

Comorbidity, n (%)

Diabetes mellitus 23 (20.0) 8 (18.2) 15 (21.1) 0.701

Hypertension 22 (19.1) 8 (18.2) 14 (19.7) 0.839

Coronary disease 5 (4.3) 2 (4.5) 3 (4.2) 0.935

Infection 13 (11.3) 6 (13.6) 7 (9.9) 0.534

Nephrotoxic drug primarily include vancomycin, aminoglycosides, rifampicin, amphotericin B, immunosuppressants and chemotherapy. 
AKI, acute kidney injury; BMI, body mass index; MELD, model for end-stage liver disease.
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Figure 1 Study flow chart. ICU, intensive care unit; LT, liver transplantation; POD, post-operative day; AKI, acute kidney injury; CKD, 
chronic kidney disease.

All patients screened at ICU admission after LT
(n=140)

115 patients measured serum myoglobin after 
LT immediately

Dividing into AKI group and non-AKI group 
according to creatinine within POD3 

Excluded (n=25)
- Preoperative AKI (n=16)
- Preoperative CKD (n=4)
- Excepting to die within 3 days after LT (n=5)

AKI
(n=44)

Non-AKI
(n=71)

Table 2 Preoperative laboratory parameters, intraoperative characteristics and outcomes of the study patients

Group All (n=115) AKI (n=44) Non-AKI (n=71) P value

Preoperative parameters

WBC count (109/L) 4.18 [2.27, 5.21] 4.51 [2.56, 5.12] 3.98 [2.13, 5.24] 0.676

NLR (%) 4.48 [1.75, 5.10] 4.94 [1.75, 4.87] 4.23 [1.73, 4.42] 0.581

Hemoglobin (g/L) 110.4±28.0 105.8±26.1 113.0±29.3 0.211

Platelets (109/L) 90 [47, 114] 90 [47, 94] 92 [47, 121] 0.956

Albumin (g/L) 34.8±6.9 33.9±6.1 35.5±7.4 0.308

Serum creatinine (μmol/L) 62.3±15.3 60.3±17.9 63.6±13.4 0.074

Urea (mmol/L) 5.71 [4.03, 6.30] 5.78 [4.40, 6.06] 5.67 [3.94, 6.73] 0.437

Sodium (mmol/L) 138.1 [136.8, 140.6] 138.1 [136.9, 140.7] 138.1 [136.7, 140.6] 0.903

TB (μmol/L) 99.7 [20.6, 97.1] 117.4 [20.1, 111.2] 89.3 [20.3, 75.4] 0.320

DB (μmol/L) 61.9 [8.4, 52.6] 74.2 [8.7, 85.8] 54.7 [7.2, 38.2] 0.209

AST (U/L) 55 [27, 54] 47 [29, 55] 58 [26, 52] 0.448

ALT (U/L) 36 [20, 43] 29 [20, 37] 41 [20, 45] 0.225

PT (s) 16.8 [13.7, 19.3] 17.5 [13.8, 19.9] 16.3 [13.4, 18.4] 0.209

INR 1.63 [1.13, 1.67] 1.96 [1.15, 1.72] 1.42 [1.13, 1.59] 0.229

PA (%) 63.5 [46.5, 80.4] 60.4 [45.7, 75.8] 65.5 [50.0, 80.9] 0.340

Ammonia (μmol/L) 83.3 [52.5, 119.5] 81.9 [51.0, 119.0] 84.1 [56.0, 108.5] 0.928

Intraoperative data

Duration surgery (hours) 9.07 [7.67, 10.11] 9.69 [7.86, 10.79] 8.66 [7.43, 9.58] 0.026

Blood loss (L) 0.95 [0.5, 1.0] 1.16 [0.6, 1.6] 0.81 [0.5, 1.0] 0.092

Table 2 (continued)
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Table 2 (continued)

Group All (n=115) AKI (n=44) Non-AKI (n=71) P value

PRBCs transfusion (L) 0.81 [0.5, 1.3] 1.02 [0, 1.6] 0.67 [0, 1.2] 0.106

Intraoperative urine output (mL/h) 194 [120, 262] 155 [92, 191] 219 [150, 270] <0.001

Fluid balance (L) 4.09 [2.93, 4.91] 4.58 [3.49, 5.25] 3.76 [2.80, 4.75] 0.036

Duration of IVC interruption (min) 77 [73, 93] 75 [55, 95] 78 [60, 89] 0.391

Maximum dose of NE (μg/kg/min) 0.26 [0.1, 0.3] 0.31 [0.1, 0.5] 0.23 [0.1, 0.3] 0.030

CIT (h) 6.9 [0.5, 10] 7.1 [1, 13] 6.7 [0.5, 10] 0.903

Warm ischemic time (min) 29.6 [10, 30] 31.3 [10, 50] 27.5 [10, 50] 0.325

Postoperative data‡

Mb (ng/mL) 1,076 [518, 1,296] 1,531 [717, 1,969] 772 [435, 940] <0.001

Albumin (g/L) 30.6±5.0 29.2±5.4 31.6±4.6 0.025

AST (U/L) 1,947 [762, 2,598] 2,737 [1059, 5,515] 1,371 [606, 1,586] 0.001

ALT (U/L) 819 [277, 1,066] 1186 [332, 2128] 576 [273, 745] 0.006

TB (μmol/L) 89.8 [40.8, 100.9] 98.9 [45.5, 123.7] 81.3 [40.7, 91.6] 0.060

DB (μmol/L) 59.3 [26.2, 65.6] 63.9 [26.0, 77.6] 54.0 [25.7, 58.8] 0.281

PT (s) 24.1 [19.4, 27.9] 27.6 [20.9, 33.6] 22.1 [19.0, 25.3] <0.001

INR 2.18 [1.69, 2.55] 2.47 [1.87, 2.93] 1.98 [1.65, 2.21] 0.001

PA (%) 38.2 [28.9, 45.8] 32.5 [23.6, 40.5] 41.3 [33.7, 49.4] 0.001

Ammonia (μmol/L) 74.7 [45.0, 89.5] 95.8 [48.0, 125.0] 61.0 [41.0, 78.0] 0.129

SOFA score 7 [4, 9] 8 [5, 10] 6 [4, 8] 0.019

APACHE II score 15 [10, 18] 17 [12, 21] 14 [10, 17] 0.065

MAP (mmHg) 87 [79, 94] 87 [77, 95] 87 [79, 94] 0.784

Lactate (mmol/L) 2.7 [1.2, 2.9] 3.2 [1.4, 3.3] 2.4 [1.1, 2.6] 0.049

PCT (ng/mL) 38.99 [8.33, 45.73] 53.5 [14.6, 64.2] 26.1 [5.4, 29.5] 0.001

Outcome

EAD, n (%) 40 (34.8) 25 (56.8) 15 (21.1) <0.001

PNF, n (%) 5 (4.3) 4 (9.1) 1 (1.4) 0.050

ICU stay (days) 6.3 [3.3, 6.2] 9.8 [3.8, 10.8] 4.5 [2.8, 5.6] 0.002

Hospital stay (days) 46.2 [26.9, 62.8] 40.7 [27.3, 46.7] 48.7 [27.2, 71.2] 0.234

Patient death 28 days, n (%) 9 (7.8) 7 (15.9) 2 (2.8) 0.011

Values were expressed as mean ± SD, mean [IQR], or n (%). ‡, the postoperative data was collected on admission to ICU immediately.  
AKI, acute kidney injury; WBC, white blood cell; NLR, neutrophil to lymphocyte ratio; TB, total bilirubin; DB, direct bilirubin; AST,  
aspartate transaminase; ALT, alanine transaminase; PT, prothrombin time; INR, international normalized ratio; PA, prothrombin activity;  
PRBCs, packed red blood cells; IVC, inferior vena cava; CIT, cold ischemic time; Mb, myoglobin; SOFA, Sequential Organ Failure  
Assessment; APACHE II, Acute Physiology Chronic Health Disease Classification System II; MAP, mean arterial pressure; PCT,  
procalcitonin; EAD, early allograft dysfunction; PNF, primary allograft non-function; ICU, intensive care unit; SD, standard deviation; IQR, 
interquartile range.
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patients entered in ICU immediately. Obviously, there 
was significantly different in serum Mb on POD0 between 
AKI group and non-AKI group {1,531 [717, 1,969] vs. 772 
[435, 940], P<0.001}. Albumin on POD0 was statistical 
significant between two groups (29.2±5.4 vs. 31.6±4.6, 
P=0.025). And patients with AKI were higher about AST on 
POD0 {2,737 [1,059, 5,515] vs. 1,371 [606, 1,586], P=0.001} 
and ALT {1,186 [332, 2,128] vs. 576 [273, 745], P=0.006} 
than those without AKI. And except ammonia, statistically 
significance could be discovered in PT, INR and PA (all 
P<0.05 respectively). Besides, patients with and without 
AKI showed significant different in the value of PCT on 
POD0 [with higher in AKI group, 53.5 (14.6, 64.2) vs. 26.1 
(5.4, 29.5), P=0.001]. And the postoperative SOFA score 
was 8 [5, 10] and 6 [4, 8] for AKI group and non-AKI group 
(P=0.019). In patients with AKI, the value of lactate after 
LT was higher [3.2 (1.4, 3.3) vs. 2.4 (1.1, 2.6), P=0.049]. 
However, these two groups did not differ with regard to 
preoperative WBC counts, Neutrophil-Lymphocyte ratio, 
hemoglobin, platelets, albumin, AST, ALT and other 
biochemical indicators, as well as surgery data including 
intraoperative blood loss, PRBCs transfusion, duration of 
IVC interruption, CIT and WIT (P>0.05).

Outcomes

There were 115 patients enrolled in this study, and 9 
patients died within 28 days. Patients with AKI after LT 
were associated with a higher mortality [7 (15.9%) vs. 2 
(2.8%), P=0.011] within 28 days and required longer periods 

of ICU stay [9.8 (3.8, 10.8) vs. 4.5 (2.8, 5.6), P=0.002]. But 
the hospital stay of AKI group was higher than non-AKI 
group [40.7 (27.3, 46.7) vs. 49.8 (27.2, 71.2), P=0.189], 
despite the hospital stay not reaching significant statistical 
difference. Additionally, in our study, we found that the 
incidence of EAD was closely related to AKI. Thirty-four 
patients experienced EAD, and the incidence was higher in 
AKI group [25 (56.8%) vs. 15 (21.1%), P<0.001]. Besides, 
the incidence of PNF was not significantly different in 
these two groups, but it was not difficult to find higher 
occurrence in AKI group [4 (9.1) vs. 1 (1.1), P=0.050].

Distribution characteristics of Mb

In our study, there were 44 patients with AKI; stage 1 
(n=22, 50%), stage 2 (n=15, 34.1%), stage 3 (n=8, 18.2%) 
classified according to KDIGO criteria. The distribution 
characteristic of serum Mb for different stages was showed 
in the Figure 2A. Compared with non-AKI group, the 
serum Mb was higher in three stages respectively (P<0.01). 
However, there was no statistical difference between the 
three stages when compared with stage 1 and stage 2 
or stage 2 and stage 3 (P>0.05). And we found that the 
serum presented its highest point on stage 3 compared 
with stage 1 or stage 2. According to need for CRRT 
and 28-days mortality, we also compared the serum Mb 
level for different outcomes (Figure 2B,2C). There was 
no difference in these groups (P>0.05). But we found 
that the serum Mb was higher in CRRT group even if no 
significant difference.

Figure 2 Distribution characteristics of Mb on POD0. (A) Distribution characteristics of serum Mb levels according to different AKI grade; 
(B) the relationship between serum Mb and need of CRRT; (C) analyzed the effect of serum level on 28-day mortality. *P<0.05 and **P<0.01 
compared with non-AKI group. Mb, myoglobin; POD, post-operative day; AKI, acute kidney injury; CRRT, continuous renal replacement 
therapy.
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Risk factors for AKI

Statistical analysis was performed to evaluate the association 
between all variables and post-LT AKI using the univariate 
and multivariate regression. And results of univariate logistic 
regression analysis of the preoperative, intraoperative 
and postoperative risk factors were presented in Table S2. 
The result showed that duration surgery [odd ratio (OR) 
=1.59, P=0.023, 95% CI: 1.07–2.39], intraoperative blood 
loss (OR =0.21, P=0.023, 95% CI: 0.06–0.81), duration 
of IVC interruption (OR =0.98, P=0.034, 95% CI: 0.95–
1.00), albumin on POD0 (OR =0.81, P=0.024, 95% CI: 
0.67–0.97), ALT on POD0 (OR =1.00, P=0.007, 95% CI: 
1.00–1.01) and serum Mb on POD0 (OR =1.01, P=0.006, 
95% CI: 1.00–1.01) may be the risk factors for new AKI. 
Furthermore, we used a multivariate logistic regression 
model including these variables to identify whether they 
are independent risk factors for AKI after LT. And the 
result showed that serum Mb level on POD0 (OR =1.01, 
P=0.001, 95% CI: 1.00–1.01), albumin on POD0 (OR 
=0.88, P=0.008, 95% CI: 0.80–0.99) and ALT on POD0 (OR 
=1.00, P=0.001, 95% CI: 1.00–1.01) were independent risk 
factors for postoperative new AKI after LT (Table 3).

Predictive value of Mb

Finally, the AUC-ROC curve was evaluated the diagnostic 
performance to predict new AKI after LT, as presented 
in Figure 3. An AUC of 0.5 represents a test with a poor 
association and an invalid diagnostic capacity, whereas 
an AUC of 1.0 represents a test with a perfect diagnostic 
value (30). According to the above multivariable logistic 
regression analysis, we compared the prognostic value of the 
serum Mb values, albumin, ALT on POD0 separately and 
the combination of these factors. The area under the curves 
(AUCs) of these regression models were listed in Table 4 
which revealed serum Mb on POD0, albumin on POD0 
and ALT on POD0 were the independent risk factors for 
AKI after LT. In addition, the ROC curves of these three 
factors respectively were showed in Figure 3. The AUC of 
serum Mb on POD0 alone was 0.755, and further, a Mb of 
957 ng/mL was the most accurate value for predicting AKI. 
Furthermore, the ROC curves of the combination of these 
factors were compared in multivariable regression model 
within Mb (albumin + ALT + Mb) and without Mb (albumin 
+ ALT) (Figure 4). The AUC of the multivariable regression 
model with Mb was 0.826 (sensitivity: 77.3%, specificity: 

Table 3 Multivariable analysis of independent risk factor for AKI

Variables OR 95% CI P value

Albumin (g/L) 0.88 0.80–0.99 0.008

ALT (U/L) 1.00 1.00–1.01 0.001

Mb (ng/mL) 1.01 1.00–1.01 0.001

All the above indexes were on POD0. AKI, acute kidney injury; ALT, alanine transaminase; Mb, myoglobin; OR, odd ratio; CI, confidence 
interval; POD0, post-operative day 0.

Table 4 Regression models for predicting AKI

Regression model AUC SE 95% CI P value

Albumin (g/L) 0.617 0.055 0.265–0.482 0.025

ALT (U/L) 0.654 0.055 0.545–0.762 0.006

Mb (ng/mL) 0.755 0.048 0.661–0.849 <0.001

Albumin + ALT 0.759 0.047 0.667–0.851 <0.001

Albumin + Mb 0.770 0.050 0.673–0.867 <0.001

ALT + Mb 0.807 0.043 0.723–0.890 <0.001

Albumin + ALT + Mb 0.826 0.040 0.747–0.904 <0.001

All the above indexes were on POD0. AKI, acute kidney injury; ALT, alanine transaminase; Mb, myoglobin; AUC, area under the curve; SE, 
standard error; CI, confidence interval; POD0, post-operative day 0.

https://cdn.amegroups.cn/static/public/APM-21-2340-supplementary.pdf
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75.8%, 95% CI: 0.747–0.904, P<0.001), and 0.807 in model 
without Mb.

Discussion

Although LT is still considered the definitive treatment 
for end-stage liver disease currently, sever complications 
such as AKI remains a major concern (31). At present, the 
occurrence of severe complications, short-term and long-
term mortality have not been improved fundamentally in 
patients due to ongoing LT. In patients underwent LT, there 
will be postoperative bleeding, severe infection, hepatic 
artery thrombosis, acute graft rejection, EAD, etc.

AKI after major surgery is a common complication which 
may develop CKD, even end-stage kidney disease (9). The 
overall estimated incidence of AKI after LT was 40.7% (32).  
In our study, the incidence of AKI was 38.3% which was 
lower than reported previously. The reason was that our 
hospital is a LT center and the technology was relatively 
mature. Besides, adverse outcomes including increased 

hospital duration of stays, hypertension, malnutrition 
and an increase of mortality may be observed in patients 
with AKI (33,34). In our study, we found that AKI after 
LT was associated with longer ICU stay. Interestingly, 
the hospital stay of patients with AKI was longer than 
patients without AKI, although the hospital stay was no 
significantly different in our study. We considered that 
this may be related to the reduced survival of AKI group 
within 28 days after surgery. However, the aetiology of AKI 
after LT is complex and unclear. There are many factors 
that contribute to the development of AKI after LT. There 
have been shown that renal hypo-perfusion, surgery time 
and hemodynamic instability at intraoperative, systemic 
inflammatory response, along with the choice of antibiotics 
which have nephrotoxicity in the post-transplant period, 
were common aetiological factors (25,33,35,36). Risk factors 
for AKI in the pre-transplant period include syndecan-1 
level, the level of serum NGAL, high vitamin B12, recipient 
age and C-reactive protein (CRP) (19,24,37,38). Although 
these clinical variables have provided predictive values in 
identifying the occurrence of AKI after LT, the additional 
use of specific serum biomarkers might further improve the 
ability to identify patients with AKI.

Our current results showed that the level of serum Mb in 
the AKI group increased significantly compared with non-

Figure 3 ROC curves for postoperative serum Mb, albumin 
and ALT associated with AKI after LT. AUC of postoperative 
Mb =0.751, which marked by green line; AUC of postoperative 
albumin =0.722, which marked by red line; AUC of postoperative 
ALT =0.638, which marked by blue line. A Mb of 957 ng/mL 
was the most accurate cut-off value with the highest Youden 
index (Youden index =0.403, sensitivity =0.634, specificity =0.769) 
for predicting postoperative AKI. ROC, receiver operating 
characteristic; Mb, myoglobin; ALT, alanine aminotransferase; 
AKI, acute kidney injury; LT, liver transplantation; AUC, area 
under the curve; Alb, albumin.

Figure 4 ROC curves for multiple regression model with or 
without serum Mb on POD0. Green line represents the model 
with Mb, AUC =0.826; red line represents the model without 
Mb, AUC =0.759. ROC, receiver operating characteristic; Mb, 
myoglobin; POD0, post-operative day 0; AUC, area under the 
curve.
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AKI group. And the Mb level reflected the severity of illness 
(Figure 2). Therefore, Mb may be a predictive biomarker 
for AKI after LT. The reason that we selected the serum Mb 
after ICU admission immediately was for the purpose of 
early diagnosis for AKI. Mb is present in cardiac myocytes 
as well as smooth muscle cells, as an O2 storage depot (39). 
It will be released from the injured cells and participate in 
circulation when these cells are damaged, increasing the 
incidence of AKI. It is well known that the level of serum 
Mb will increase in patients with rhabdomyolysis (40). And 
a previous study showed that higher serum Mb could be 
detected in the early stage of sepsis (18). More recently, it 
has been shown that Mb could serve as an early predictor 
of AKI (41). However, there is still lack of studies on the 
prognostic value of Mb in surgical patients. Expect that 
hyper-Mb has been ascribed as a sign of successful arterial 
embolectomy (42). During transplantation especially 
after anhepatic phase, ischemia-reperfusion injury will 
occur in patients, leading to insufficient blood supply or 
microcirculatory disturbance in muscle cells, and resulting 
in varying degrees of muscle cells injury. Postoperative 
hyper-dynamic blood circulation can cause an increase of 
ventricular tension and pressure, leading to cardiomyocyte 
apoptosis (43). In agreement with our study, Fricke et al.  
retrospectively analyzed patients due to extremely ischemia-
reperfusion damage which showed that the serum Mb 
level permitted a prognosis about the extent of the 
expected impairment after revascularization (44). And 
they described the limit of 20,000 μg/L Mb as the critical 
level for the occurrence of organ failure. They indicated 
that intraoperatively quick reperfusion maybe decrease the 
release of Mb. To our knowledge, our current study was the 
first to demonstrate an association between postoperative 
serum Mb level and new AKI in the setting of LT.

In addition, we found that neither MELD score nor 
MELD-Na score were significantly different between AKI 
group and non-AKI group in present study which was not 
consistent with a previous study (45,46). The reason why 
higher MELD score had no association with the risk of 
AKI may be its including indicators such as TB, serum 
creatinine and INR. However, hepatic encephalopathy 
and ascites are also important indicators for evaluating the 
severity of disease. And it places a considerable importance 
on the value of creatinine in MELD score, but we excluded 
patients with preoperative renal dysfunction. Hence, 
MELD score was not related to the occurrence of AKI.

We found obvious differences in duration surgery, the 
mean of intraoperative urine output and the maximum dose 

of norepinephrine. These findings were consistent with 
previous studies (47,48). These indicators could result from 
hemodynamic instability and hypovolemia during surgery, 
hence, resulting in postoperative AKI. It had been reported 
that intraoperative oliguria was related to postoperative AKI 
after major abdominal surgery (49).

Our present findings also documented the significant 
difference in AST and ALT on POD0 in patients with and 
without AKI. But in multivariable regression analysis, the 
level of AST was not the independent risk factor of AKI. 
Since AST is also present in cardiac and skeletal muscle, so 
the level of ALT plays a critical role as a probe for acute and 
chronic liver injuries (50). And liver dysfunction can lead to 
hemodynamic instability, sever infection, and sequentially 
the occurrence of AKI. So it can explain our result that 
the level of postoperative ALT was closely related to AKI. 
And this can also be used to explain the differences in IB, 
PT, INR and PA which reflecting the recovery of liver 
function. In our study, serum PCT levels after surgery were 
significantly higher in patients with AKI than those without 
AKI (P=0.001). But the PCT levels were not an independent 
risk factor for AKI which confirmed by multivariable 
logistic regression. This result is similar with previous study 
which demonstrated that PCT was insufficient to provide 
diagnostic use (51). Besides, our study found that AKI was 
associated with higher lactate that represents poorer tissue 
perfusion than non-AKI group. But the lactate level was 
also not an effective predictive factor for AKI.

Through logistic regression analysis, postoperative 
serum Mb, albumin and ALT after admission were 
the independent risk factors for new AKI. Sang et al. 
retrospectively studied 1,440 patients after LT divided into 
two groups, including patients whose postoperative albumin 
level was less than 3.0 g/dL and greater than 3.0 g/dL. 
They indicated that early postoperative hypoalbuminemia 
within 2 days was an independent risk factor for AKI (20). 
Similarly, in our study, there was a significant difference in 
albumin between two groups and it was also found as an 
independent risk factor for AKI. Hypoalbuminemia maybe 
result from inflammation, infection and sepsis (52). Besides, 
hypoalbuminemia can result in depletion of effective 
intravascular volume. But the influence of albumin on renal 
function is still not clear. Maybe albumin can improve renal 
blood flow autoregulation (53).

Mb has the special function related to oxygen transport 
and storage. As a result, the serum Mb may reflect the 
energy metabolism of organs such as renal (54,55). The 
ROC curves confirmed that serum Mb level could be 
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used as a biomarker for predicting the occurrence of AKI 
after LT. And what we discovered was the joint prediction 
including Mb, albumin and LT had a much better effect. 
Moreover, our study found that higher serum Mb will be 
more requires for CRRT (Figure 2). Therefore, serum Mb 
level may be an ideal biomarker for predicting the risk of 
CRRT. New experiments may be needed to verify this view. 
Of course, many factors did influence the occurrence of AKI 
and we studied only serum parameters. So we measured our 
data which are the most pathological value after admission 
immediately.

At present, the main treatments for AKI after LT were 
prevention of early rejection, control of infection, fluid 
replacement and CRRT (56). Although the effectiveness of 
these treatments is still controversial, our result may offer 
new opportunities to identify patients at risk within a time 
window that enables early treatment.

Our study is innovative because there are few literatures 
that focus on LT patients to research the relationship 
between Mb and AKI. But our study has several limitations. 
First, it was a single-center analysis. Although the data were 
electronically collected, a slight deviation was possible and 
some important data could be missing. Second, our sample 
size was small due to some missing data, so further studies 
will be needed. Third, we did not examine other biomarkers 
such as NGAL, Kim-1, Cystatin C, etc. So we have no 
ability to determine the accuracy of Mb for predicting the 
risk of AKI. Finally, as our study was conducted in a single 
center and department, it lacked sufficient donor-related 
indicators.

Conclusions

In patients after LT, serum Mb is correlated with new 
AKI, and it is an independent risk factor for AKI. Through 
introducing postoperative Mb, the accuracy of predicting 
model for AKI was increased. Besides, higher level of serum 
Mb was related to higher AKI stage. Also, Mb was found to 
be association with need for CRRT. These findings need to 
be confirmed by larger prospective clinical trials.
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Supplementary

Table S2 Univariable regression analysis comparing baseline clinical characteristics

Variables OR 95% CI P value

Preoperative parameters

Male gender 0.80 0.15–4.46 0.804

BMI (kg/m2) 1.09 0.92–1.31 0.316

MELD score 1.13 0.96–1.34 0.149

MELD-Na score 0.89 0.74–1.07 0.220

Intraoperative parameters

Duration surgery (hours) 1.59 1.07–2.39 0.023

Blood loss (L) 0.22 0.06–0.81 0.023

Intraoperative urine output (mL/h) 0.99 0.99–1.00 0.413

Duration of IVC interruption (min) 0.98 0.95–1.00 0.034

Maximum dose of norepinephrine (μg/kg/min) 0.64 0.04–10.25 0.756

SOFA score 0.98 0.80–1.21 0.881

APACHE II score 0.99 0.89–1.12 0.916

Postoperative parameters

Lactate (mmol/L) 1.07 0.84–1.36 0.604

Albumin (g/L) 0.81 0.67–0.97 0.024

AST (U/L) 1.00 0.99–1.00 0.253

ALT (U/L) 1.00 1.00–1.01 0.007

PCT (ng/mL) 1.00 0.99–1.02 0.773

PT (s) 1.42 0.87–2.32 0.164

INR 0.34 0.01–29.11 0.633

PA (%) 1.07 0.92–1.26 0.369

Mb (ng/mL) 1.01 1.00–1.01 0.006

Postoperative parameters were POD0. BMI, body mass index; MELD, model for end-stage liver disease; IVC, inferior vena cava; SOFA, 
Sequential Organ Failure Assessment; APACHE II, Acute Physiology Chronic Health Disease Classification System II; AST, aspartate  
transaminase; ALT, alanine transaminase; PCT, procalcitonin; PT, prothrombin time; INR, international normalized ratio; PA, prothrombin 
activity; Mb, myoglobin; OR, odd ratio; CI, confidence interval; POD0, post-operative day 0.

Table S1 KDIGO criteria of AKI for adult patients

Stage Serum creatinine Urine output

1 1.5–1.9 times baseline; or ≥0.3 mg/dL (≥26.5 μmol/L) increase <0.5 mL/kg/h for 6–12 hours

2 2.0–2.9 times baseline <0.5 mL/kg/h for ≥12 hours

3 3.0 times baseline; or increase in serum creatinine to ≥4.0 mg/dL (353.6 μmol/L); or initiation of renal 
replacement therapy; or in patients <18 years, decrease in eGFR to 35 mL/min per 1.73 m2

<0.3 mL/kg/h for ≥24 hours; 
or anuria for ≥12 hours

KDIGO, Kidney Disease Improving Global Outcome; AKI, acute kidney injury.


