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Abstract
Backgrounds: Sepsis induced organ failure is main cause of mortality in intensive care units (ICU),
however, the impact of early liver injury on clinical ending of sepsis is not clear and has not been
discussed in context of clinical research on sepsis before. Our study aimed at the investigation of the
clinical effect of early liver injury within 48h at ICU admission on sepsis outcomes.

Methods: A single-centered, retrospective cohort of 198 adult critical patients diagnosed with sepsis were
included in different ICU departments of Xiangya hospital from 2016 to 2018. Patients were divided into
two groups, early liver injury and non-early liver injury within 48h at ICU admission. Baseline
characteristics, clinical outcomes and risk factors of these two groups were studied. Logistic regression
analysis, Cox hazard analysis, Kaplan-Meier and log-rank test were used. 

Results: In total, 198 patients with sepsis were included, with 106 (53.5%) with early liver injury and
overall in-hospital mortality was 45.9% (n=91). Compared to non-early liver injury group, patients with
early liver injury had signi�cant higher SOFA (7.44±3.83 vs. 5.55±2.61, P<0.001), APACHE II score
(15.22±23.14 vs. 9.14±8.72, P=0.013) , procalcitonin (37.10±59.20 vs. 19.24±48.10, P=0.021) , and rate
of shock (63.2% vs. 48.9%, P=0.046). Primary outcome showed that early liver injury group had
signi�cant higher rate of renal dysfunction (62.3 vs. 33.7%, P<0.001), coagulation (31.1% vs. 13.0%,
P=0.004) and hematologic system (72.6% vs. 52.2%, P=0.003) dysfunction hinting at higher organ failure
rate. Age (OR 0.966; 95% CI 0.944-0.989; P=0.004), hypertriglyceridemia (OR 1.636; 95% CI 1.049-2.551;
P=0.030), serum total bile acid (TBA, OR 1.071; 95% CI 1.030-1.113; P=0.001), hemoglobin (OR 1.030;
95% CI 1.013-1.046; P<0.001) and renal dysfunction (OR 3.403; 95% CI 1.631-7.099; P=0.001) were the
independent predictors for early liver injury in sepsis by multiple regression analysis. Kaplan-Meier
survival analyze demonstrated early liver injury and non-early liver injury group had similar survival time.

Conclusion: Early liver injury within 48 hours on ICU admission is closely related to organ failure for
patients with sepsis. Future study with big data is required to verify our viewpoint.

Background
Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response to infection (1),
which has the high incidence and mortality rate among diseases in ICU. According to the recent
worldwide epidemiological study, sepsis incidence rate was about 39% in ICU. Overall ICU and hospital
mortality rate of sepsis were 25.8% and 35.3%, respectively, varied among different continents (2).
Although the certain effect of clinical therapy, morbidity and mortality rates in sepsis remain high,
triggering us to investigate deeper understanding of sepsis pathogenesis and novel treatment.

Liver plays a central role in sepsis as it is essential for clearing bacteria and toxins,mediating
in�ammatory responses, and coagulating (3). Yet its protective response also causes liver injury, and liver
injury often occurs in early stage of sepsis because of in�ammation and hypoperfusion. Liver injury will
lead to the decrease of bacteria and toxins clearance, exacerbating the severity of sepsis (3, 4). Patients
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with pre-existing liver disease or liver failure, like cirrhosis, trauma, and drug-induced liver injury, are
associated with higher risks of sepsis morbidity, multiple organ failure (MOF) and sepsis-induced
mortality than those without liver diseases (5–9). Attenuating liver injury maybe bene�cial to lower sepsis
mortality rates by regulating immune responses for clearing bacterias and helping other organs
withstand cascading injury.

Yet to date, the impact of early liver injury on clinical outcomes in sepsis remains unknown. Considering
the underestimated pivotal role of early liver injury in the development of sepsis, the objective of this
study is to determine the effect of early hepatic injury on sepsis outcomes.

Methods

Study Design and Population
Study participants were at different ICU departments of Xiangya Hospital Central South University of
China between January 2016 to February 2018. The setting of this study were different ICU departments
including General ICU, Respiratory ICU, Emergency ICU, Neurosurgical ICU and other ICUs. The Institutional
Review Board of Xiangya Hospital Central South University approved the study. The study was conducted
in accordance with STrengthening the Reporting of OBservational studies in Epidemiology (STROBE)
statement. The inclusion criteria were patients with sepsis, 18 years or older, and at hospital admission
more than 48 h. Exclusion criteria was patients with pre-existing severe liver dysfunction, chronic liver
diseases, such as liver cirrhosis, viral hepatitis.

Data source
Data of patients were retrospectively collected from Electronic Hospital Records System (EHRs) with
clinical data, including age, gender, pre-existing disease, source of infection; laboratory biochemical
parameters within 48 h on admission with blood routine, liver and kidney function, coagulation function,
procalcitonin, etc; sequential organ failure assessment (SOFA) score, and Acute Physiology, Age, Chronic
Health Evaluation II (APACHE II) score; rates of organ failure; complications with septic shock, acute
respiration distress syndrome (ARDS), acute kidney injury (AKI); the use of continuous renal replacement
therapy (CRRT), length of vasopressor use; length of hospital stays, and mortality at hospital. Follow up
with 180-day and 1-year mortality was prospectively collected after discharge. Patients were grouped
according to the liver function at 48 h admission.

Variable de�nitions
The de�nition of sepsis was life-threatening organ dysfunction caused by a dysregulated host response
to infection (SOFA score of ≥ 2) and septic shock was de�ned as a combination of hypotension requiring
vasopressor support to maintain a MAP of 65 mmHg and a lactate greater than 2 mmol/L despite �uid
resuscitation, according to Sepsis 3.0 criteria (10). Early liver injury was diagnosed in patients with new
onset of plasma serum bilirubin > 2 mg/dL, or, Alanine transaminase (ALT) or Aspartate transaminase
(AST) > twice the normal value (80 U/L) within 48 h of admission. Organ failure was de�ned as organ
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exhaustion except liver. Hypertriglyceridemia was de�ned as the level of serum triglyceride with above the
upper limit of normal. Acute respiration distress syndrome (ARDS) was de�ned by Berlin criteria of 2012
(11), and AKI diagnosis criteria adopted KDIGO clinical practice guideline: increase in serum creatinine of
≥ 0.3 mg/dL or ≥ 50% within 48 hours or urine output of < 0.5 mL/kg/hour for > 6 hours (12). According
to SOFA score system, the de�nition of hematologic dysfunction was diagnosed with the level of platelet 
< 150*10^9/L, respiration dysfunction with pO2/FiO2 ≤ 400 or needing mechanism ventilation,
neurological dysfunction with Glasgow Coma Score (GCS) < 14, cardiovascular dysfunction with mean
arterial pressure (MAP) < 70 mmHg or needing vasoactive drug, renal dysfunction with creatinine ≥ 
1.2 mg/dL (13). Coagulation dysfunction was de�ned with prothrombin time above 3 times the upper
limit of normal or activated partial thromboplastin time (APTT) prolonger 10 s above the upper limit of
normal value.

Outcomes
Our primary outcome was organ failure. Secondary outcomes were all-cause mortality, complications of
ARDS, AKI and septic shock; the use of CRRT, the use of vasopressor, length of vasopressor use, length of
hospital stays, the use of mechanical ventilation (MV), MV time and length of hospital days.

Statistical analysis
Statistical analysis was performed using SPSS 23 (SPSS, Inc., Chicago, IL). All description data are
presented as median (Standard deviation) or frequencies (%). Student’s t-test or Wilcoxon’s rank-sum test
if appropriate was used to compare quantitative variables between groups. The chi-square test was used
for categorical variables. Kaplan-Meier survival analysis was performed according to early liver injury or
not. The predictive values of early liver injury of sepsis were assessed by univariate and multiplevariate
logistic regression models and to identify the independent variables affecting early liver injury. The
predictors for mortality in sepsis were assessed by univariate and stepwise multivariate Cox proportional
hazards moels. Cox regression model was used to adjust for residual imbalance by including parameters
with p < 0.05 and potential confounders judged by clinical expertise. P value of < 0.05 (two-sided) was
considered signi�cant.

Results
We identi�ed 198 individuals with sepsis who met the inclusion criteria, during a 48-month period from
2016 to 2018. In this cohort, 91 patients died at hospital discharge (45.9%), 107 patients died at 180
days, and 113 patients died at 1 year (68.4%) after hospital discharge. Of the 198 patients, early liver
injury within 48 h admission, had occurred in 106 (53.5%) patients. Characteristics of clinical and
biological data are presented in Table 1.
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Table 1
Baseline characteristics of early liver injury group and control group (non-early liver injury) within 48 h on

admission of sepsis patients

  Early liver injury
group
(n = 106)

Control group
(n = 92)

P

Baseline information      

Age, median (SD) 55.72(15.72) 62.82(15.71) 0.002

Male, n (%) 69 (65.1) 48 (52.2) 0.082

Respiratory rate, median (SD) 24.87(7.16) 22.80(5.87) 0.028

Heart rate, median (SD) 111.66(101.46) 111.92(129.36) 0.990

GCS, median (SD) 11.97(4.17) 12.26(3.79) 0.784

Pre-exiting conditions
Connective tissue disease

5(4.7) 3(3.3) 0.727

Gastrointestinal hemorrhage 5(4.7) 2(2.2) 0.453

Coronary heart disease 12(11.3) 17(18.5) 0.165

Hypertension 28(26.4) 26(28.3) 0.873

Infection source, n (%)      

Urinary system 22(21.8) 14(15.6) 0.354

Abdomen 8(7.5) 14(15.2) 0.113

Respiratory tract
Critical Score

58(54.7) 58(63.0) 0.250

SOFA score, median (SD) 7.44(3.83) 5.55(2.61) < 
0.001

APACHE II score, median (SD) 15.22(23.14) 9.14(8.72) 0.013

Laboratory parameters within the �rst 48 h on ICU admission  

Continuous variables are reported as mean.

Abbreviations: SOFA Sequential Organ Failure Assessment, APACH II Acute Physiology and Chronic
Health Evaluation II, WBC White Blood Cell, N(%) neutrophil percentage, ALT alanine transaminase,
AST aspartate transaminase, ALB albumin, TB total bilirubin, DB direct bilirubin, GGT gamma-
glutamyl transpeptidase, AKP alkline phosphatase, TBA total bile acid, TG triglyceride, CHOL
cholesterol, LDL low density lipoprotein, HDL high density lipoprotein, CK creatine kinase, CK-MB
creatine kinase-MB, LDH lactate dehydrogenase, Mb myoglobin, NTproBNP N-terminal of the
prohormone brain natriuretic peptide, APTT activated partial thromboplastin time, PT prothrombin
time, PTA prothrombin time activity percentage, GCS Glasgow Coma Scale.
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  Early liver injury
group
(n = 106)

Control group
(n = 92)

P

Blood routine examination, median (SD)  

WBC (10^9/L) 14.04(10.96) 14.27(13.62) 0.894

N (%) 81.69(16.48) 81.94(13.79) 0.909

Platelet (10^9/L) 111.92(95.04) 168.03(108.75) < 
0.001

Hemoglobin 103.40(24.64) 95.37(22.57) 0.019

Lymphocyte count 0.95(1.20) 1.19(0.76) 0.895

Monocyte count 0.90(1.49) 0.66(0.63) 0.127

Liver function, median (SD)      

Serum ALT 253.22(659.37) 22.60(13.65) < 
0.001

Serum AST 390.19(1026.21) 35.82(18.34) 0.001

Serum ALB 29.83(21.35) 29.02(5.92) 0.723

Serum TBIL 54.53(80.37) 13.39(7.87) < 
0.001

Serum DBIL 29.43(44.54) 7.48(11.76) < 
0.001

Serum TBA 19.58(33.14) 6.82(7.25) < 
0.001

Serum GGT 177.55(178.54) 47.61(51.26) 0.001

Serum AKP 278.72(178.55) 138.22(160.24) 0.113

Blood lipid examination, median (SD)    

Serum TG 2.01(3.13) 1.12(1.03) 0.007

Continuous variables are reported as mean.

Abbreviations: SOFA Sequential Organ Failure Assessment, APACH II Acute Physiology and Chronic
Health Evaluation II, WBC White Blood Cell, N(%) neutrophil percentage, ALT alanine transaminase,
AST aspartate transaminase, ALB albumin, TB total bilirubin, DB direct bilirubin, GGT gamma-
glutamyl transpeptidase, AKP alkline phosphatase, TBA total bile acid, TG triglyceride, CHOL
cholesterol, LDL low density lipoprotein, HDL high density lipoprotein, CK creatine kinase, CK-MB
creatine kinase-MB, LDH lactate dehydrogenase, Mb myoglobin, NTproBNP N-terminal of the
prohormone brain natriuretic peptide, APTT activated partial thromboplastin time, PT prothrombin
time, PTA prothrombin time activity percentage, GCS Glasgow Coma Scale.
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  Early liver injury
group
(n = 106)

Control group
(n = 92)

P

Serum CHOL 2.37(2.19) 2.53(1.89) 0.572

Serum LDL 2.71(14.11) 1.65(1.72) 0.476

Serum HDL 0.46(0.47) 1.66(8.20) 0.136

Serum creatinine, median (SD) 204.58(166.12) 150.62(179.39) 0.029

Myocardial enzymology, median (SD)    

CK 1036.83(3129.68) 1120.59(245.88) 0.003

CK-MB 52.43(86.84) 26.15(71.52) 0.021

LDH 1030.72(2266.89) 359.61(290.65) 0.003

Mb 310.44(759.98) 135.94(193.05) 0.034

NT-proBNP 6136.63(17485.35) 5831.24(15229.21) 0.914

Coagulation examination, median (SD)    

APTT 43.38(18.93) 37.96(8.91) 0.011

PT 16.68(4.80) 15.31(3.03) 0.016

PTA 80.28(66.43) 100.93(139.19) 0.176

Infection and in�ammatory indicators, median
(SD)
Procalcitonin, median (SD)

37.10(59.20) 19.24(48.10) 0.021

C-reaction protein, median (SD)
Lactate, median (SD)

85.84(114.66)
2.43(2.91)

97.32(175.96)
1.51(1.74)

0.584
0.007

Continuous variables are reported as mean.

Abbreviations: SOFA Sequential Organ Failure Assessment, APACH II Acute Physiology and Chronic
Health Evaluation II, WBC White Blood Cell, N(%) neutrophil percentage, ALT alanine transaminase,
AST aspartate transaminase, ALB albumin, TB total bilirubin, DB direct bilirubin, GGT gamma-
glutamyl transpeptidase, AKP alkline phosphatase, TBA total bile acid, TG triglyceride, CHOL
cholesterol, LDL low density lipoprotein, HDL high density lipoprotein, CK creatine kinase, CK-MB
creatine kinase-MB, LDH lactate dehydrogenase, Mb myoglobin, NTproBNP N-terminal of the
prohormone brain natriuretic peptide, APTT activated partial thromboplastin time, PT prothrombin
time, PTA prothrombin time activity percentage, GCS Glasgow Coma Scale.

Baseline characteristics of early liver injury group and
control group (non-early liver injury) within 48 h on
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admission of septic patients
We found that younger septic patients were more prone to early liver damage (55.72 ± 15.72 vs. 62.82 ± 
15.71, P = 0.002). There was no signi�cant difference in pre-existing diseases and infection source
between early liver injury and non-early liver injury groups. Septic patients with early liver injury showed
signi�cant higher severity of illness, with higher SOFA score (7.44 ± 3.83 vs. 5.55 ± 2.61, P < 0.001) and
APACHE II score (15.22 ± 23.14 vs. 9.14 ± 8.72, P = 0.013), higher infectious indicators (Procalcitonin,
37.10 ± 59.20 vs. 19.24 ± 48.10, P = 0.021), when compared to non-early liver injury group. Furthermore,
patients with early liver injury had a signi�cantly higher levels of lactate (2.43 ± 2.91 vs. 1.51 ± 1.74, P = 
0.007), total bile acid (TBA, 19.58 ± 33.14 vs. 6.82 ± 7.25, P < 0.001), triglyceride (TG, 2.01 ± 3.13 vs. 1.12 
± 1.03, P = 0.007), creatinine (204.58 ± 166.12 vs. 150.62 ± 179.39, P = 0.029), APTT activated partial
thromboplastin time (43.38 ± 18.93 vs. 37.96 ± 8.91, P = 0.011), PT prothrombin time (16.68 ± 4.80 vs.
15.31 ± 3.03, P = 0.016), and lower levels of platelet (111.92 ± 95.04 vs. 168.03 ± 108.75, P < 0.001) .

Effect of early liver injury on clinical outcomes and
complications in sepsis
The primary outcome, as shown in Table 2, demonstrated that there were signi�cant higher rates of organ
failure in patients with early liver injury group, with the occurrence of renal dysfunction (62.3 vs. 33.7%, P 
< 0.001), hematologic dysfunction (72.6% vs. 52.2%, P = 0.003), and coagulation dysfunction (31.1% vs.
13.0%, P = 0.004) compared to non-early liver injury group.
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Table 2
Effect of early liver injury on clinical outcomes and complications in sepsis

  Early liver injury(n = 106) Non-early liver
injury
(n = 92)

P

Primary outcome
Organ failure, n (%)

     

Neurologic dysfunction 12 (41.4) 11(37.9) 1.000

Cardiovascular dysfunction 67(63.2) 46(50.0) 0.064

Hematologic dysfunction 77(72.6) 48(52.2) 0.003

Renal dysfunction 66(62.3) 31(33.7) < 
0.001

Coagulation dysfunction 33(31.1) 12(13.0) 0.004

Respiration dysfunction 65(61.3) 63(68.5) 0.302

Secondary outcomes

Complications, n (%)

ARDS 35 (33.0) 21 (22.8) 0.117

AKI 56(52.8) 26(28.3) 0.001

Septic shock 67 (63.2) 45 (48.9) 0.046

Hypertriglyceridemia, n (%) 38 (35.8) 20 (21.7) 0.010

CRRT, n (%) 31 (29.2) 15 (16.3) 0.042

MV, n (%) 60 (56.6) 44 (47.8) 0.254

MV time (h), median (SD) 101.29(236.32) 95.39(162.11) 0.841

Length of hospital stays(d), median (SD) 8.46(12.01) 10.37(21.11) 0.461

Vasopressor drug use, n (%) 58(54.7) 40(43.5) 0.120

Length of vasopressor drug (d), median
(SD)

2.98(4.76) 1.52(2.456) 0.006

Mortality, n (%)      

At hospital 53 (50.0) 38 (41.3) 0.140

Categorical variables are reported as count (% of column total)

Abbreviations: CRRT Continuous renal replacement therapy, ARDS Acute respiratory distress
syndrome, AKI Acute kidney injury, MV time Mechanical ventilation time.
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  Early liver injury(n = 106) Non-early liver
injury
(n = 92)

P

180 days 61 (67.8) 46 (61.3) 0.563

1 year 63 (70.0) 50 (66.7) 0.735

Categorical variables are reported as count (% of column total)

Abbreviations: CRRT Continuous renal replacement therapy, ARDS Acute respiratory distress
syndrome, AKI Acute kidney injury, MV time Mechanical ventilation time.

In the secondary outcomes, early liver injury group had higher rates of complications with septic shock
(63.2% vs. 48.9%, P = 0.046), AKI (52.8% vs. 28.3%, P = 0.001); higher rates of hypertriglyceridemia (35.8%
vs. 21.7%, P = 0.010), prolonger length of vasopressor use (2.98 ± 4.76d vs. 1.52 ± 2.456d, P = 0.006) and
the use of CRRT (29.2% vs. 16.3%, P = 0.042, Table 2) compared to non-early liver injury group. Non-early
liver injury and early liver injury group had similar mortality, with hospital mortality 50.0% in early liver
injury group, and 41.3% in non-early liver injury group (P = 0.140), 180 days mortality after discharge
67.8% in early liver injury group, and 61.3% in nog-early liver injury group (P = 0.563), one year mortality
after discharge 70.0% in early liver injury group, and 66.7% in the control group (P = 0.735). Furthermore,
Kaplan-Meier survival estimate was performed to analyze survival rate difference between early liver
injury group and non-early liver injury group. There was no signi�cant difference between these two
groups within total survival time of 1 year (Fig. 1. X2 = 1.338, P > 0.05).

Univariate and multiple regression analysis to explore risk
factors affecting early liver injury in sepsis
In the univariate logistic regression analysis, age, septic shock, SOFA score, APACHE II score, serum
procalcitonin, TBA, lactate, platelet, and hemoglobin, hypertriglyceridemia, renal dysfunction were
signi�cant predictors of early liver injury in sepsis. Further in the multivariate stepwise logistic regression
analysis, age was the only independent protect predictors for early liver injury in sepsis (OR 0.966; 95% CI
0.944–0.989; P = 0.004, Table 3). The results also showed that hypertriglyceridemia (OR 1.636; 95% CI
1.049–2.551; P = 0.030), the occurrence of renal dysfunction (OR 3.403; 95% CI 1.631–7.099; P = 0.001),
hemoglobin (OR 1.030; 95% CI 1.013–1.046; P < 0.001) and serum TBA levels (OR 1.071; 95% CI 1.030–
1.113; P = 0.001) were the independent risk factors impacting on new onset of early liver injury within
48 h admission in sepsis, indicating hypertriglyceridemia and cholestasis were closely associated with
liver injury in early stage of sepsis.
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Table 3
Univariate and multivariate regression analysis to explore predictors of early liver injury in sepsis

  Univariate analysis Multiple analysis

  OR 95%CI P OR 95%CI P

Age (year) 0.972 0.954–0.990 0.002 0.966 0.944–0.989 0.004

Septic shock 1.794 1.016–3.167 0.044 -    

SOFA 1.189 1.084–1.304 < 0.001 -    

APACHE II 1.026 1.002–1.049 0.031 1.027 0.992–1.063 0.128

Laboratory parameters            

Serum PCT 1.007 1.001–1.013 0.028 -    

Serum total bile acid 1.060 1.023–1.099 0.001 1.071 1.030–1.113 0.001

lactate 1.196 1.037–1.379 0.014 1.213 1.008–1.459 0.041

Serum hemoglobin 1.015 1.002–1.027 0.020 1.030 1.013–1.046 < 0.001

Hypertriglyceridemia 0.641 0.451–0.912 0.013 1.636 1.049–2.551 0.030

Organ failure            

Coagulation dysfunction 3.014 1.448–6.272 0.003 -    

Hematologic dysfunction 2.434 1.347–4.397 0.003 -    

Renal dysfunction 3.247 1.810–5.822 < 0.001 3.403 1.631–7.099 0.001

Abbreviations: SOFA, Sequential organ failure assessment, APACHE II, Acute Physiology, Age, Chronic
Health Evaluation II, PCT, Procalcitonin.

Univariate and multivariate Cox hazard analysis to explore
risk factors of mortality in sepsis
In the multivariate Cox hazard analysis (Table 4), age (HR 1.014; 95% CI 1.000-1.028; P = 0.044), organ
failure of cardiovascular dysfunction (HR 1.673; 95% CI 1.065–2.629; P = 0.026), respiration dysfunction
(HR 2.435; 95% CI 1.455–4.073; P = 0.001) were independent risk factors for one year mortality of septic
patients after discharge, while SOFA, APACHE II, lactate, hypertriglyceridemia, early liver injury, septic
shock renal, hemotological and coagulation dysfunction were not.



Page 12/20

Table 4
Univariate and multivariate Cox hazard analysis to explore risk factors of mortality in sepsis

  Univariate analysis Multiple analysis

  HR 95%CI P HR 95%CI P

Age (year) 1.015 1.002–1.028 0.024 1.014 1.000-1.028 0.044

SOFA 1.110 1.057–1.167 < 0.001 -    

APACHE II 1.008 1.001–1.015 0.032 1.027 0.992–1.063 0.128

Laboratory parameters            

Serum PCT 0.998 0.994–1.001 0.998 -    

Serum total bile acid 1.000 0.991–1.008 0.947 -    

lactate 1.101 1.025–1.182 0.008 -    

Serum hemoglobin 0.988 0.980–0.997 0.007 -    

Hypertriglyceridemia 1.255 1.006–1.566 0.044 -    

Multi-Organ dysfunction 4.504 2.273–8.925 < 0.001 -    

Early liver injury 1.112 0.768–1.610 0.573 -    

Cardiovascular dysfunction 2.515 1.661–3.806 < 0.001 1.673 1.065–2.629 0.026

Coagulation dysfunction 1.598 1.047–2.439 0.030 -    

Respiration dysfunction 3.382 2.097–5.455 < 0.001 2.435 1.455–4.073 0.001

Hematologic dysfunction 1.594 1.070–2.374 0.022 -    

Renal dysfunction 1.308 0.905–1.891 0.153 -    

Neurologic dysfunction 2.714 1.402–5.254 0.003 -    

Complications            

AKI 1.147 0.791–1.663 0.470 -    

Septic shock 2.429 1.611–3.662 < 0.001 -    

ARDS 2.647 1.800-3.892 < 0.001 1.483 0.978–2.249 0.064

Vasoactive drug usage 2.467 1.668–3.647 < 0.001 -    

CRRT 2.438 1.630–3.647 < 0.001 -    

Abbreviations: SOFA, sequential organ failure assessment, APACHE II, Acute Physiology, Age, Chronic
Health Evaluation II, PCT, Procalcitonin, ARDS, Acute respiratory distress syndrome, AKI Acute kidney
injury.
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Discussion
In this retrospective cohort study, �rst we found the onset of early hepatic injury within 48 hours on ICU
admission was closely related to organ failure for patients with sepsis. Secondly, age,
hypertriglyceridemia, serum total bile acid, hemoglobin and renal dysfunction were the independent
predictors for early liver injury in sepsis by multiple regression analysis, while Kaplan-Meier survival
analysis demonstrated similar survival time between early liver injury and non-early liver injury group.
Third, age, organ failure of cardiovascular dysfunction, respiration dysfunction were independent risk
factors for one year mortality of septic patients after discharge in the multivariate Cox hazard analysis.

The de�nition of liver injury of ours was different from traditional conception using bilirubin which can be
explained as following. We demonstrated the percentage of septic patients with early hepatic injury
within 48 h of admission was about 53.5%, which is not consistent with 11% occurrence showed in other
study (14). Unlike using bilirubin as the only marker to de�ne early liver injury, we choosed bilirubin > 
2 mg/dL, or ALT or AST > twice the normal value representing early liver injury. Liver has powerful
compensatory ability so early hepatic injury is latent. As bilirubin rises several days after hepatic
dysfunction, we choose more sensitive indicators ALT or AST to de�ne early liver injury. ALT was also
identi�ed as an independent predictive factor of critical illnesses (15). Moreover, hypoxia hepatitis, mainly
histopathological changes in liver injury in sepsis (3), is characterized by marked increased ALT after
insu�cient oxygen uptake by hepatocytes (16). So we used the more sensitive indicators, ALT and AST, to
present early and latent hepatic injury at the beginning of sepsis as liver has been ignored in sepsis
compared to other organs. Our data have shown high incidence of 53.5% of early hepatic injury in septic
patients. So, more attention should be paid to the liver, the guardian, modi�er and target of sepsis (3).

Interestingly, we found younger septic patients were more prone to early liver damage in multivariate
regression analysis (Table 3) which is at odds with results of Kramer’s study (14). One of causes is that
Kramer research included all ICU patients while we choose only septic patients. A multiplecenter study
from Japan demonstrated average age of septic patients is 69 ± 17 years (6). The underlying factor is
that Japan is a population aging society than our country, and different regions, races and genetic
background are important factors in�uencing sepsis epidemiology results, while our data is from Chinese
Han population. Recently a cross continents epidemiology research of sepsis reported that average age
of septic patients is 61.5 ± 17 years (2). Liver is a critical site to modify the immune response in sepsis.
And younger patients may have a stronger immune response against infection attack than older ones. So
younger patients are possible more prone to early liver injury in sepsis and this argument needs further in-
depth research. While age was independent risk factor for mortality of septic patients after discharge for
one year in multivariate Cox hazard analysis (Table 4), which was in line with previous detailed summary
(17).

Our study showed ALT, AST, total bilirubin (TB), direct bilirubin (DB), gamma-glutamyl transpeptidase
(GGT), TBA, triglyceride and lactate rise in septic patients with early liver injury (Table 1, 3, 4). Due to the
great heterogeneity in clinical patients, the liver of individual has different tolerance ability to sepsis. Our



Page 14/20

clinical results hint at hepatitis, bile capillary obstruction, cholestasis, bile acid and lipid metabolism
abnormity in septic patients with early liver injury. Sepsis in�uences both hepatic parenchymal and
interstitial tissues and biliary tract. These results are consistent with the pathological change of liver in
sepsis (18), 60% patients had “hepatitis” type including portal/lobular in�ammation, hemorrhagic and
necrosis, 40% patients had “mixed” liver injury by combinations of biliary lesions, like cholangitis, and
portal/lobular in�ammation, 73.3% patients had steatosis which was robust evidence and golden criteria.
Further, we put forward hypoxia hepatitis, cholestasis, bile acid and lipid metabolism abnormity are main
pathological and metabolic characteristics of early liver injury of sepsis.

There are few researches studied the correlation between early liver injury and severity of sepsis before.
To our data, early liver injury is closely related to severity of sepsis as higher SOFA and APACHE II score,
infectious indicators like PCT, prolonging length of vasopressor days, higher rates of CRRT and septic
shock, some of which are typical indicators for exacerbation of sepsis (2, 19, 20). What’ more, few clinical
studies have focused on the role of liver in organ failure in sepsis. We �nd, compared to non-early liver
injury group, early liver injury group has widely worsening renal, coagulation and hemotological
dyfunction judged by details from SOFA criteria. Liver and kidney interaction, namedly liver-kidney axis or
hepatorenal syndrome are often referred in severe hepatic disease or other diseases situation (21, 22), but
rarely has been discussed in sepsis. Our results prompt the underlying close interaction between liver and
kidney at the beginning of sepsis, which may stimulate related further studies in the future. Though
hemotological system is often ignored in sepsis, platelet, one member of blood system, can not be
overlooked in sepsis. To our data, early liver injury group has signi�cant lower platelet. Platelet plays key
role in initial step to blood clotting and maintaining homeostasis among coagulation, vascular
endothelium and cytokine network (23). Platelet is also found to have important functions like immune
surveillance, co-working with immune cells to �ght against invading pathogens (24). And
thrombocytopenia is closely associated with dysregulated host response and increased 30 day mortality
in recent research (25). Signi�cant decreasing platelet in early liver injury group in our results suggest that
early hepatic injury can break hemotological homeostasis in early phase of sepsis. Bleeding and
coagulation disorder plays a crucial part in progress of sepsis and can lead to disseminated intravascular
coagulation (DIC) in late stage of sepsis. To our data, worsening coagulation function in early liver injury
group hints at turbulent coagulation function may come up in early stage of sepsis, which is reasonable
due to close innate relationship between liver and coagulation function. Albeit not signi�cantly, there were
tendency of dampened cardiovascular and respiratory function in early liver injury group showned by
faster respiratory rate and higher myocardial enzyme level (Table 1), which would be latent due to
infectious fever and hyperdynamic circulation at the beginning of sepsis. Serum hemoglobin level shown
as independent risk factor for early liver injury of sepsis (Table 3) is in line with previous study on non-
alcoholic liver disease (26), indicating the mutual effect of hemoglobin and liver and requiring further
study.

Our results are in line with some recent basic studies. Liver plays a central role in bacterias clearance,
coagulating, modifying in�ammatory and immune response, mediating a large number of the
metabolism process in sepsis. These critical biological functions have important impact on other organs
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and systems including kidney, lung, cardiovascular and coagulation systems, acid-base balance and lipid
metabolism (27). And Liver regulates in�ammatory response to infection, generating plentiful
in�ammatory cytokines to spread to other vital organs by blood circulation to adapt to “in�ammatory
need” to help other organs to �ght against pathogens. Liver is also a school to “re-education” circulating
immune cells staying in hepatic sinusoid temporarily that thereafter recycle between different organs to
ful�ll demands to withstand attack from pathogens invaders (28). In some cases, this important adaptive
function of liver can loss control and overreact thus producing redundant in�ammatory cytokines to
damage other organs.

However, there are no signi�cant difference in hospital mortality, 180 days or 1 year after discharge
between early liver injury group and non-early liver injury group shown by our results, which are not
consistent with other studies (14, 29). Due to the two studies design is different from us, one is including
all critically ill patients (14), the other is discussing the impact of liver trauma on sepsis. Early hepatic
injury was closely related to organ failure but not mortality shown by our results (Table 2,4 and Fig. 1).
We suppose liver is the �rst sentry and processor to face exogenous pathogen, toxin and etc, and quickly
respond to re-educate immune cells and transfer attack signal to other organs, when this process is
overreacted, liver itself and the connected organs can suffer injury, which aggravates sepsis at the
beginning phase. This process can be reversible as liver has strong regeneration and compensatory
ability to adapt to septic stress in most conditions, thus may probably not affect mortality of sepsis. Early
cardiovascular and respiration dysfunction are independent risk factor for septic patients after discharge
(Table 4) possibly because cardiovascular and respiratory organs are short of compensatory ability as
liver.

Our research has substantial strengths. To our best knowledge, this is the �rst report that early liver injury
is closely related to organ failure of sepsis in the world from clinical data. Second, we adopt
transaminase as indicator for early hepatic injury which has high sensitivity to screening out latent liver
injury cases in early stage of sepsis, we suppose this is objective and scienti�c. Third, we �nd younger
people are prone to have early liver injury compared to older ones in sepsis in Chinese Han population
which is different from other racial results.

There are several limitations to our study. First, the study design is retrospective and the sample size is
relative small, so bias can not be eliminated. We have tried our best to strengthen data integrity and
guarantee date equarlity by decreasing loss to follow-up and use multivariate regression analysis and
multivariate Cox hazard analysis to reduce bias as much as possible. Secondly, the increasing sensisivity
by using transaminase for detecting early hepatic injury also reduce speci�ty to recognize real liver injury
thus brings bias. We think it’s double-edged sword which is unvoidable for losing perfection at present
condition. We emphasis on highlighting the latent and early liver injury state of sepsis which is often
overlooked in previous studies. Third, the single centered design limited the generalisability of our
conclusion, while we carried out this study in different ICUs setting in our hospital to partially decrease
generalisability reduction. Fourth, we have missing data but very few as we have tried our best to manage
and control quarlity of all data from designing phase of this study.
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Conclusion
Early liver injury within 48 hours on admission is closely related to organ failure in sepsis, but not
mortality after discharge. Age, hypertriglyceridemia, serum total bile acid, hemoglobin and renal
dysfunction were the independent predictors for early liver injury in sepsis. And Age, organ failure of
cardiovascular dysfunction, respiration dysfunction were independent risk factors for mortality of septic
patients after discharge. We hope our research will inspire the desire to study the exact work rules of liver
intersecting with other organs in the initiation and progress of sepsis. Future clinical research with big
data and in-depth basic research are suggested to verify our result and further clarify the underlying
mechanism of the effect of early liver injury on sepsis pathogenesis in the future. And whether targeting
early liver function can be early preventive or therapeutic strategies for ameliorating organ failure and
improve clinical outcomes of sepsis.
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Figures

Figure 1

Time to death analysis. The �gure shows the survival curves for all included patients at 1 year after
randomization of the last patients. Kaplan-Meier analysis showed survival time did not differ between the
early liver injury group and the normal group. Log rank P= 0.34.
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