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Arfic{e History: ) Introduction and Objectives: Artificial liver support systems (ALSS) offer a technical solution for patients with
Received 11 April 2025 liver failure (LF), serving as a bridge to recovery or transplantation. However, the number of LF patients eligi-
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ble for transplants is limited. This study investigates the incidence of nosocomial infections and survival out-
comes in LF patients treated with ALSS who do not undergo liver transplantation.

Patients and Methods: A retrospective cohort study was conducted on LF patients receiving standard medical
care (SMC) with ALSS versus those treated only with SMC. General and laboratory data were collected from
all LF patients. A logistic regression model was used to assess the risk of nosocomial infections associated
with ALSS use, while a Cox proportional hazards model was used to evaluate mortality risk in LF patients
undergoing ALSS treatment. Survival times for both groups were calculated using Kaplan—Meier analysis.
Results: A total of 306 LF patients were analyzed, comprising 200 males (65.4%) and 106 females (34.6%), with
an average age of 49.9 years (95% CI = 48.2-51.6). Multivariate logistic regression analysis showed that ALSS
was not linked to the risk of nosocomial infections (odds ratio =1.189, 95%CI=0.442-3.202, p=0.732). How-
ever, hazard ratio (HR) results indicated that ALSS is a protective factor for survival in LF patients (HR=0.533,
95%C1=0.374-0.760, p=0.001), supported by Kaplan—Meier curve analysis demonstrating prolonged survival
time in the ALSS group among LF patients.

Conclusions: ALSS is not an independent risk factor for nosocomial infections and could effectively prolong
the lifespan of LF patients without liver transplantation. Further intervention studies are needed to validate
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these findings.
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1. Introduction

Liver failure (LF) is a complex syndrome caused by various factors,
leading to significant impairment of the liver’s synthetic, detoxifica-
tion, metabolic, and biotransformation functions. It can progress to
multi-organ failure and result in death[1,2]. The global prevalence
and mortality rates of LF are high and have remained stable over
time[3,4]. Specifically, the mortality rate for acute LF is 29%, while it

Abbreviations: ALSS, Artificial liver support systems; BMI, body mass index; CI, Confi-
dence interval; HR, Hazard ratio; ICU, intensive care unit; INR, International normal-
ized ratio; LF, Liver failure; MSCs, Mesenchymal stem cells; OR, Odds ratio; RCT,
Randomized controlled trial; SMC, Standard medical care
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can reach up to 48% for acute-on-chronic LF[5]. LF incurs substantial
healthcare costs and poses a considerable burden on healthcare sys-
tems worldwide.[6,7].

Currently, primary treatments for LF include standard medical
care (SMC), artificial liver support systems (ALSS), and liver trans-
plantation[8—10]. The goal of managing LF patients is to maintain or
restore vital organ functions while preventing multi-organ failure. In
this regard, ALSS is valuable as it provides critical time for spontane-
ous liver regeneration or facilitates emergency transplantation[11
—13]. However, being an invasive treatment, ALSS carries risks, with
nosocomial infection being the most common and serious complica-
tion[14,15]. The incidence of nosocomial infections in ALSS can reach
40.0%, often leading to poor outcomes[16]. Nearly one-third of
patients experienced electrolyte disturbances and renal impairment,
resulting in prolonged hospitalization; 12% required intensive care
unit (ICU) admission. Additionally, these infections may lead to mul-
tiple organ failures, reducing chances for transplantation and increas-
ing mortality rates[17,18]. Therefore, evaluating the uncertain
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relationship between ALSS use and infections is crucial at this time.
Although the efficacy of utilizing ALSS among LF patients has been
extensively explored in previous studies, these randomized con-
trolled trials (RCTs) were characterized by a limited number of LF
cases and short-term follow-up periods[19]. This highlights the
urgent need for longer follow-up periods among larger cohorts to
adequately assess the impact of ALSS on the overall survival of LF
patients.

Therefore, this study aimed to evaluate the relationship between
the utilization of ALSS and the incidence risk of nosocomial infec-
tions, as well as the associated mortality risk in patients with LF.

2. Patients and Methods
2.1. Study design

This cohort study enrolled LF patients aged 18 years and older
who received treatment at the Department of Gastroenterology, Sec-
ond Hospital of Hebei Medical University, between June 2018 and
August 2023. Comprehensive general and laboratory data were col-
lected from all patients. This study received approval from the
Research Ethics Committee of the participating hospital (Approval
Letter No. 2023-R493). All patients provided informed consent to par-
ticipate in this study. Additionally, informed consent was obtained
from the family members of the patients prior to the initiation of
ALSS.

2.2. Definition of LF patients

The diagnostic criteria for LF were in accordance with the 2018
guidelines for the diagnosis and treatment of LF[20]. Exclusion crite-
ria included: (1) patients with incomplete primary clinical data; (2)
individuals diagnosed with primary liver cancer or tumors located
elsewhere; (3) patients with LF who presented infections upon
admission or had pre-existing infections prior to undergoing ALSS
treatment. Four patterns of LF patients (acute LF, sub-acute LF, acute-
on-chronic LF, and chronic LF) were identified in this study based on
the following diagnostic criteria[11]. Acute LF is characterized by
rapid hepatic function decline within 2 weeks, evident bleeding ten-
dency, plasma prothrombin activity < 40% (or international normal-
ized ratio [INR] >1.5), and hepatic encephalopathy in patients
without prior liver failure. Sub-acute LF occurs with a relatively
urgent onset (2—26 weeks), serum total bilirubin >10 times the
upper limit of normal or an increase of 17.1 pwmol/L per day, obvious
bleeding tendency, and prothrombin activity < 40% (or INR > 1.5).
Acute-on-chronic LF presents as short-term acute or sub-acute
decompensated liver function on the background of chronic liver dis-
ease, with serum total bilirubin >10xULN or increasing more than
17.1 umol/L daily, bleeding tendency, prothrombin activity <40% (or
INR >1.5), and decompensated cirrhosis with ascites. Chronic LF
involves progressive deterioration and decompensation of liver func-
tion due to cirrhosis, marked increases in serum total bilirubin, signif-
icant decreases in albumin, evident bleeding tendency, prothrombin
activity < 40% (or INR > 1.5), ascites, portal hypertension, or hepatic
encephalopathy.

2.3. Definition of SMC and ALSS groups

The patients in the SMC group received only standard medical
treatment, whereas those in the ALSS group were administered a
combination of SMC and ALSS. The ALSS comprised several modali-
ties, including plasma exchange, plasma diafiltration, hemodiafiltra-
tion, hemoperfusion, and the double plasma molecular adsorption
system.
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2.4. Definition of primary and secondary outcomes

Nosocomial infection in LF patients is the primary outcome,
defined as an infection occurring 48 hours after hospitalization[21].
This study identified six types of infections: pulmonary infection, uri-
nary system infection, spontaneous bacterial peritonitis, upper respi-
ratory tract infection, acute biliary tract infection, and bloodstream
infection. Pulmonary infection was defined by either a positive spu-
tum culture or clinical manifestations such as fever, cough, sputum
production, along with imaging changes. Chest imaging (chest X-ray
or CT) revealed new or progressive infiltration/consolidation accom-
panied by one or more of the following clinical symptoms: fever,
expectoration, cough, and dyspnea, and peripheral white blood cell
count exceeding 10 x107%/L or falling below 4 x107°/L. Urinary sys-
tem infections were diagnosed based on positive urine cultures; addi-
tional indicators included lower back pain and fever associated with
upper urinary tract infections alongside renal percussion pain and
increased urine white blood cells; they are alternatively character-
ized by frequent urination, urgency, and dysuria indicative of lower
urinary tract infections also showing elevated urinary white blood
cells. Spontaneous bacterial peritonitis was diagnosed based on clini-
cal signs consistent with peritonitis; ascitic neutrophil counts
>25x109/L; exclusion of surgical secondary peritonitis; and either
positive or negative ascitic fluid cultures. Upper respiratory tract
infections are characterized as common viral infections affecting the
nasal passages, pharynx, and upper airways, manifesting symptoms
such as rhinorrhea (runny nose), nasal congestion, cough sneezing
episodes sore throat, and headaches. Acute biliary tract infections pri-
marily encompass acute cholecystitis and acute cholangitis, con-
firmed through symptomatology, inflammation, and imaging
findings. Bloodstream infections include sepsis as well as catheter-
related complications, where two infections are diagnosed via blood
culture results combined with bone marrow analysis.

The secondary outcome of interest in this study was all-cause
mortality. Dates of death were obtained either from officially issued
death certificates or through interviews with close family members
or village doctors when available. The duration of follow-up was
defined as the interval between the date of the interview conducted
in 2018 and the occurrence of outcomes, or until 2023. In instances
where a participant missed a follow-up visit, their survival time was
calculated as the period between their interview date in 2018 and
the date of the missed visit.

2.5. Definition of covariates

General data included age, sex, length of hospital stays, height,
weight, body mass index (BMI), smoking status, drinking habits, his-
tory of disease (hypertension and diabetes), and etiology of LF. Labo-
ratory data included C-reactive protein, procalcitonin, white blood
cell count, neutrophil count, monocyte count, lymphocyte count,
hemoglobin level, platelet count, INR, prothrombin activity and time,
cholinesterase level, total bilirubin level, alanine aminotransferase,
aspartate aminotransferase, albumin level, creatinine level, sodium
ion concentration, potassium ion concentration, and blood ammonia
levels.

Age was divided into two groups: >50 and <50 years. Hospital
stays were categorized as short or long based on the median duration
of 16 days. BMI was classified as obesity (>28.0 kgZ/m) and non-obe-
sity (<28.0 kg?/m). Smoking and drinking statuses were assessed by
asking participants if they currently smoke or drink. A history of dis-
eases was determined by the question, “Did you suffer from hyper-
tension or diabetes?” A response of ‘yes’ was recorded as yes;
otherwise, it was noted as no. The etiology of LF was categorized into
virus-induced LF and other causes. Laboratory data were classified as
abnormal or normal based on clinical cutoff values.
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2.6. Statistical analysis

The descriptive statistics of baseline characteristics were pre-
sented in accordance with the risk status for nosocomial infection
and mortality. Continuous variables are reported as means accompa-
nied by a 95% confidence interval (CI). Categorical variables were dis-
played as frequencies and percentages. One-way ANOVA was utilized
to compare differences among continuous variables, while Chi-
square tests were employed for categorical variables.

Logistic regression and Cox proportional hazards models were
used to calculate odds ratios (ORs) with 95% Cls, as well as hazard
ratios (HRs) with their 95% Cls. The backward stepwise regression
method identified significant covariates for both univariable and
multivariable analyses, which were included in the final models. We
also conducted subgroup analyses and examined interaction effects,
revealing an association between ALSS and mortality in LF patients
based on demographic factors. Missing data in patients with less than
10% incomplete records were addressed using multiple imputation
techniques. The significance level was set at «=0.05, with p<0.05
indicating statistical significance. All analyses were conducted using
R software version 4.3.1, with statistical significance determined by a
two-tailed p-value of less than 0.05.

3. Results
3.1. Descriptive analyses

In this study, 421 LF patients aged >18 years were enrolled. Due to
missing data, 115 patients were excluded from the analysis. Ulti-
mately, our analysis included 306 LF patients with an average base-
line age of 49.9 years (95% CI: 46.2-53.6); among them, there were
200 (65.4%) males and 106 (34.6%) females. A total of 131 patients
with LF received a combination of SMC and ALSS treatment. The
majority of these patients (97.7%) underwent either plasma exchange
or a combination of plasma exchange and double plasma molecular
adsorption. Additionally, a limited number of patients (2.29%) pre-
senting with renal failure or hepatic encephalopathy were treated
using plasma diafiltration. In contrast, there were 175 LF patients in
the SMC group who received only standard medical treatment.

3.2. Association of ALSS use and nosocomial infection

The ALSS group reported 66 cases of nosocomial infections, while
the SMC group documented 69 cases of nosocomial infections. No
significant differences were observed between the two groups with
respect to covariates, with the exception of hospital stays, C-reactive
protein levels, neutrophil counts, hemoglobin levels, platelet counts,
INR values, and cholinesterase levels. Table 1 presents the character-
istics of study participants based on their infectious status during
hospitalization.

The relationship between ALSS and the risk of nosocomial infec-
tion was assessed using logistic regression models adjusted for cova-
riates (Table 2). Patients with LF in the ALSS group demonstrated a
non-significant association with the risk of nosocomial infection
(OR=1.189, 95% CI=0.442-3.202, p=0.732) when compared to those in
SMC group. Similar associations were observed across other covari-
ates; however, patients with LF who smoked and drank exhibited a
significantly increased risk of nosocomial infection compared to non-
smokers (OR=2.100, 95% CI=1.417-2.897, p=0.007) and non-drinkers
(OR=1.567, 95% CI=1.021-2.778, p=0.012), respectively.

3.3. Association of ALSS use and mortality

Over the entire follow-up period, we identified 150 deaths in the
cohort: specifically, 55 deaths in the ALSS group and 95 in the SMC
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Table 1
Demographic and clinical characteristics of the 306 patients with LF, categorized
by their infectious status during hospitalization.

Characteristics Nosocomial Non-nosocomial P-value
infection infection
Total number (%) 135(44.1) 171(55.9)
Sex (male, %) 95(47.5) 105(52.5) 0.102
Age (years) 50.0(47.6, 52.5) 49.8(47.8,51.9) 0.898
Hospital stays (days) 20.1(18.0, 22.2) 16.7(15.2,18.3) 0.010
Height (cm) 167.7 (166.3,169.0) 167.6(166.5,168.7)  0.885
Weight (kg) 70.1 (67.6,72.7) 69.6 (67.8,71.4) 0.730
BMI 24.8(24.0,25.6) 24.7(24.2,25.2) 0.727
Smoke status (yes, 53(54.6) 44(45.4) 0.120
%)
Drink status (yes, %) 57(46.3) 66(53.7) 0.521
Hypertension (yes, 20(38.5) 32(61.5) 0.367
%)
Diabetes (yes, %) 9(28.1) 23(71.9) 0.054
Virus-induced LF 81(44.0) 103(56.0) 0.967
(yes,%)
ALSS (yes, %) 66(50.4) 65(49.6) 0.170
C-reactive protein 22.8(17.3,28.4) 16.2(12.6,19.8) 0.034
(mg/L)
Procalcitonin (ng/ 1.32(0.90, 1.74) 0.83(0.59, 1.08) 0.055
ml)
White cell count 8.39(7.05,9.73) 7.00(6.29,7.72) 0.067
(107°L)
Neutrophils (10"°L)  6.27 (5.06, 7.47) 4,61 (4.02,5.20) 0.013
Monocytes (10~°L)  0.75 (0.65, 0.84) 0.92 (0.68,1.15) 0.197
Lymphocytes 1.35(0.96, 1.74) 1.51(1.27,1.75) 0.483
(10°°L)
Hemoglobin (g/L) 116.4(112.0,120.9) 123.2(117.6,128.8) 0.045
Platelet (10"°L) 108.2 (93.2,123.3) 138.2(125.3,151.1)  0.002
International nor- 245(2.20,2.71) 2.12(1.97,2.26) 0.022
malized ratio
(INR)
Prothrombin 34.6(31.1,38.3) 40.2 (36.2,44.2) 0.052
activity
Prothrombin time 27.6(24.2,30.9) 23.9(21.9,25.9) 0.073
(s)
Cholinesterase (U/L) 3026.4 (2764.6, 3703.0 (3429.0, 0.003
3288.2) 3977.0)
Total bilirubin 371.1(340.4,401.7) 353.1(325.7,380.5) 0.295
(pmol/L)
Aspartate amino- 347.1(250.3,444.0) 499.7 (402.5,597.0)  0.050
transferase (U/L)
Alanine aminotrans- 348.5(241.0,456.0) 490.8(340.6,641.0)  0.183
ferase (U/L)
Albumin (g/L) 28.9(27.9,29.8) 31.5(30.6,32.4) 0.106
Creatinine (umol/L) 111.2(82.1,140.4) 83.7(70.8,96.7) 0.143
Potassium (mmol/L) 3.91 (3.76, 4.06) 4.06 (3.90,4.21) 0414
Sodium (mmol/L) 134.3(132.9,135.6) 135.1(133.8,1364) 0.189
Blood ammonia 80.4(71.8,89.0) 77.8(70.1, 85.4) 0.776

(pmol/L)
LF, liver failure; BMI, body mass index; ALSS, Artificial Liver Support Systems.

group were observed. Table 3 presents the characteristics of study
participants according to follow-up outcomes.

Table 4 presents the association between ALSS and the risk of
mortality, which was assessed using Cox proportional hazard models
adjusted for covariates. Patients with LF in the ALSS group illustrated
a lower risk of mortality than that in patients in the SMC group
(HR=0.533, 95% CI=0.374-0.760, p=0.001). The Kaplan-Meier analysis
yielded comparable results, as illustrated in Fig. 1. However, nosoco-
mial infection was not a significant risk factor for mortality
(HR=1.089, 95% CI=0.775-1.530, p=0.645). In analyses of the procalci-
tonin test, we found that LF patients with high levels of procalcitonin
had a higher risk of mortality than that in individuals with normal
levels (HR=17.35, 95% CI=5.201-83.55, p<0.001).

In the subgroup analyses, a significant relationship between ALSS
and a lower risk of mortality was found in most subgroups. The inter-
action effect analyses of ALSS and demographic factors showed no
significant association (Table 5).
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Table 2
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Univariate and multivariate analyses demonstrating the association between demographic factors, clinical charac-

teristics, and nosocomial infection in patients with LF.

Characteristics Univariate Multivariate
OR(95%CI) p-value  OR(95%CI) p-value
Sex
Male vs. Female 1.493(0.923-2.415) 0.102 1.310(0.506-3.390)  0.578
Age group (years)
>50 vs. <50 0.938(0.596-1.475) 0.781 0.933(0.518-1.487)  0.755
Hospital stays
Long vs. short 1.461(0.943-2.263) 0.090
BMI
Non-obesity vs. Obesity 0.834(0.450-1.546) 0.564
Smoke status
Yes vs. No 2.343(1.246-4.405) 0.008 2.100(1.417-2.897)  0.007
Drink status
Yes vs. No 1.375(1.053-2.510) 0.030 1.567(1.021-2.778)  0.012
Hypertension
Yes vs. No 1.347(0.714-2.540) 0.358 1.077(0.414-2.805)  0.879
Diabetes
Yes vs. No 0.488(0.215-1.110) 0.087 0.507(0.207-2.187)  0.199
Virus-induced LF
Yes vs. No 0.990(0.625-1.570) 0.967
ALSS
Yes vs. No 1.560(0.987-2.465) 0.001 1.189(0.442-3.202)  0.732
C-reactive protein
Normal vs. Abnormal 1.338(0.698-2.567) 0.380
Procalcitonin
Normal vs. Abnormal 1.078(0.066-17.534)  0.958 1.546(0.470-5.093)  0.473
White cell count
Normal vs. Abnormal 0.601(0.284-1.274) 0.184
Neutrophils
Normal vs. Abnormal 1.702(0.879-3.296) 0.115 1.419(0.522-3.858)  0.493
Monocytes
Normal vs. Abnormal 0.909(0.345-2.397) 0.848
Lymphocytes
Normal vs. Abnormal 1.064(0.592-1.912) 0.836
Hemoglobin
Normal vs. Abnormal 1.130(0.642-1.992) 0.671 1.315(0.625-2.770)  0.470
Platelet
Normal vs. Abnormal 1.652(0.807-3.379) 0.169
International normalized ratio (INR)
Normal vs. Abnormal 1.956(0.349-10.949)  0.445
Prothrombin activity
Normal vs. Abnormal 1.154(0.522-2.549) 0.723
Prothrombin time
Normal vs. Abnormal 1.557(0.505-4.801) 0.441
Cholinesterase
Normal vs. Abnormal 1.412(0.513-3.883) 0.504 1.842(0.726-4.675)  0.199
Total bilirubin
Normal vs. Abnormal 1.091(0.567-2.099) 0.794
Aspartate aminotransferase
Normal vs. Abnormal 1.023(0.141-7.421) 0.610
Alanine aminotransferase
Normal vs. Abnormal 0.726(0.320-1.646) 0.443
Albumin
Normal vs. Abnormal 1.178(0.499-2.777) 0.709
Creatinine
Normal vs. Abnormal 1.571(0.502-4.923) 0.438
Potassium
Normal vs. Abnormal 1.065(0.565-2.010) 0.845 1.076(0.646-1.794)  0.777
Sodium
Normal vs. Abnormal 0.672(0.254-1.773) 0.422
Blood ammonia
Normal vs. Abnormal 2.071(0.938-4.574) 0.072

LF, liver failure; OR, odds ratio; CI: confidential interval; BMI, body mass index; ALSS, Artificial Liver Support Sys-

tems.

4. Discussion

This study indicated that ALSS is not an independent risk factor for
nosocomial infections. The application of ALSS has the potential to
significantly extend the lifespan of patients with LF. Moreover, no
interaction was observed between ALSS and nosocomial infection
concerning the mortality rates of LF patients.

Although nosocomial infection is one of the most frequently dis-
cussed issues in the treatment of ALSS, most previous studies focusing
on the epidemiology of nosocomial infections in patients with LF have
identified disease severity, age, and underlying conditions, as well as
total bilirubin and albumin levels as primary risk factors[22—24]. Ele-
vated total bilirubin levels, transfusion of blood products, and a higher
number of invasive procedures were independent risk factors for
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Table 3
Demographic and clinical characteristics of the 306 patients with LF, categorized
by follow-up outcomes.

Characteristics Survival group Death group P-value

Total number (%) 156(51.0) 150(49.0)

Sex (male, %) 112(56.0) 88(44.0) 0.016

Age (years) 50.0(48.2-51.8) 49.6(46.2-53.1) 0.848

Hospital stays (days) 17.8(16.3-19.2) 19.0(16.5-21.4) 0.437

Height (cm) 167.6(166.6-168.6)  167.7(165.9-169.5)  0.890

Weight (kg) 69.7(68.0-71.4) 70.3(67.0-73.5) 0.758

BMI 24.7(24.2-25.2) 24.8(23.9-25.7) 0.805

Smoke status (yes, 56(57.7) 41(42.3) 0.108
%)

Drink status (yes, %) 65(52.8) 58(47.2) 0.593

Hypertension (yes, 25(48.1) 27(51.9) 0.646
%)

Diabetes (yes, %) 13(40.6) 19(59.4) 0.216

Virus-induced LF 96(52.2) 88(47.8) 0.608
(yes,%)

ALSS(yes, %) 76(58.0) 55(42.0) 0.033

C-reactive protein 21.4(16.6-26.1) 16.7(12.3-21.1) 0.130
(mg/L)

Procalcitonin (ng/ 1.23(0.87-1.59) 0.85(0.56-1.13) 0.148
ml)

White cell count 7.68(6.63-8.73) 8.65(7.12-10.1) 0.240
(10°°L)

Neutrophils (10"°L)  5.54(4.58-6.50) 6.03(4.70-7.37) 0.441

Monocytes (10~°L)  0.81(0.64-0.98) 0.87(0.68-1.06) 0.661

Lymphocytes 1.37(1.09-1.64) 1.56(1.17-1.94) 0.432
(107°L)

Hemoglobin (g/L) 118.2(113.2-123.2)  119.6(114.1-125.3)  0.725

Platelet (10"°L) 122.8(109.8-135.8)  119.6(100.3-138.9)  0.508

International nor- 2.14(1.97-2.31) 2.59(2.27-2.91) 0.002
malized ratio
(INR)

Prothrombin 40.3(36.6-44.1) 33.0(29.4-36.6) 0.003
activity

Prothrombin time 23.6(21.7-25.5) 29.0(25.1-32.9) 0.002
(s)

Cholinesterase (U/L)  3231.0(2990.1- 3554.7(3226.2- 0.119

3471.8) 3883.2)

Total bilirubin 343.7(320.5-366.9)  390.0(352.8-427.2)  0.016
(pmol/L)

Aspartate amino- 449.1(352.5-545.6)  382.7(287.1-478.2)  0.376
transferase (U/L)

Alanine aminotrans- 487.1(346.3-627.8)  316.3(228.2-404.4)  0.163
ferase (U/L)

Albumin (g/L) 30.3(29.3-31.2) 30.1(29.1-31.1) 0.702

Creatinine («mol/L)  88.8(77.7-99.8) 111.0(74.0-148.0) 0.267

Potassium (mmol/L) 3.97(3.84-4.09) 4.00(3.81-4.20) 0.979

Sodium (mmol/L) 134.3(133.1-135.5)  135.3(133.8-136.8)  0.503

Blood ammonia 75.9(69.3-82.6) 83.9(73.6-94.2) 0.185

(mol/L)
LF, liver failure; BMI, body mass index; ALSS, Artificial Liver Support Systems.

nosocomial infection in patients undergoing ALSS treatment[14]. How-
ever, our study found that the use of ALSS may not be an independent
factor associated with nosocomial infections in LF patients. Furthermore,
arecent large RCT meta-analysis demonstrated that extracorporeal liver
support/ALSS was not significantly linked to nosocomial infections
(RR=1.92; 95% CI=0.11-33.44)[19]. Therefore, reconsidering the relation-
ship between the utilization of ALSS and nosocomial infections in
patients with LF in future research is essential.

Additionally, we identified smoking as an independent risk factor
for nosocomial infection among LF patients. Cigarette smoking pre-
disposes individuals to pulmonary infection. Hospitalized patients
with a history of smoking are more prone to developing hospital-
acquired infections [25,26]. Our findings further corroborated this
association by confirming smoking as a significant risk factor for nos-
ocomial infection. This condition may be attributed to cigarette
smoke, which induces the generation of an inflammatory phenotype
in mesenchymal stem cells (MSCs). This alteration reduced their
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immunosuppressive properties and inhibited the capacity of MSCs to
suppress inflammatory innate immune cells in the liver. Further-
more, it inhibited the production of inflammatory Th1 and Th17 lym-
phocytes, reducing the body’s ability to fight infections. This led to an
increased vulnerability to infections among individuals[27]. Our anal-
yses also indicated that alcohol consumption is a significant contribu-
tor to the incidence of nosocomial infections[28]. Similar findings
were noted in previous studies, where alcohol consumption was sig-
nificantly associated with complications and adverse outcomes in LF
patients[29,30]. Therefore, LF patients who engage in smoking and
drinking habits should be monitored more closely due to their ele-
vated risk of developing nosocomial infections.

The global prevalence and mortality rates associated with LF are
notably high, while the accessibility of liver transplantation remains
low for the majority of patients[31,32]. Extracorporeal liver support/
ALSS has been recommended as an effective method for prolonging
the lives of LF patients and serving as a bridge to liver transplantation
[11]. The available evidence indicates that approximately 37% of
patients listed for emergency liver transplantation demonstrate
recovery following treatment with ALSS, while 50% unfortunately
succumb while awaiting an organ[33]. A meta-analysis involving 25
RCTs, which included a total of 1,796 LF patients, reported that the
use of extracorporeal liver support/ALSS was associated with a reduc-
tion in mortality (RR=0.84; 95%CI=0.74-0.96) among patients suffer-
ing from acute LF or acute-on-chronic LF[19]. Similar results were
observed across all subgroups, except for those with smoking and
diabetes-related LF. The toxic components of cigarette smoke enter
the bloodstream through the lungs and affect various organs—
including the lungs, liver, kidneys, heart, gut, blood vessels, and brain
—thereby impairing their function[34]. Cigarette smoke induced oxi-
dative stress and inflammation while triggering harmful immune
responses in different tissues. It plays a significant role in the progres-
sion of bronchitis, emphysema, gastroenteritis, hepatitis, and non-
alcoholic fatty liver disease; prolonged exposure to cigarette smoke
notably increases the risk of lung, liver, and colon cancers, ultimately
leading to mortality[35]. Available evidence suggests that diabetes
may lead to adverse outcomes in LF patients[36]. Further studies on
liver transplantation indicated that donor diabetes mellitus is associ-
ated with inferior outcomes following transplantation[37]. Therefore,
it can be concluded that both cigarette smoke exposure and diabetes
may diminish the protective effect of ALSS treatment in prolonging
survival among patients with LF.

Notably, abnormal procalcitonin levels were identified as signifi-
cant risk factors for mortality in patients with LF. Serum procalcitonin
levels serve as reliable prognostic indicators for 30-day mortality and
should be incorporated into clinical practice to stratify risk and facili-
tate early, effective treatment in acute-on-chronic LF patients[38]. LF
patients exhibit elevated serum procalcitonin levels, irrespective of
bacterial infections, with higher levels correlating with poorer prog-
noses[39]. These findings reinforce our conclusions from an alterna-
tive perspective. While procalcitonin was recognized as an early
diagnostic marker for bacterial infection, it also serves as a precise
indicator of mortality risk. You et al. indicate that procalcitonin is a
moderately accurate diagnostic marker for post-operative infections
in adult liver transplant recipients. A recent study conducted among
Indian patients with ALF suggested that in those who underwent PE
treatment, procalcitonin (HR=1.18, 95% CI=1.07-1.30) was identified
as an independent predictor of mortality[40]. Furthermore, its diag-
nostic performance can be enhanced when combined with other
inflammatory biomarkers [41]. Fan et al. reported that the neutro-
phil-lymphocyte ratio could predict short-term mortality in acute-
on-chronic LF patients undergoing treatment with ALSS[42]. Thus,
procalcitonin may represent a valuable prognostic biomarker for
individuals suffering from LF.

This study has several limitations. Firstly, as a retrospective study,
the authenticity of the information is challenging to ensure, and
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recall bias is difficult to eliminate. Additionally, due to the opportu-
nistic nature of its diagnostic and therapeutic approach, the study
could only include patients who sought medical care at healthcare
institutions. This limitation may introduce potential selection bias
among participants and result in uneven baseline characteristics.
Then, We are unable to fully capture certain clinical parameters in

Table 4
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Univariate and multivariate analyses demonstrating the association between demographic factors, clinical char-

acteristics, and mortality in patients with LF.

Characteristics Univariate Multivariate
HR(95%CI) p-value  HR(95%CI) p-value
Sex
Female vs. Male 1.313(0.948-1.817)  0.101 1.422(0.939-2.153)  0.096
Age group (years)
>50 vs. <50 1.311(0.946-1.815)  0.103 1.267(0.902-1.778)  0.172
Hospital stays
Long vs. short 1.139(0.754-1.718)  0.536
BMI
Non-obesity vs. Obesity 0.433(0.228-0.823)  0.011
Smoke status
Yes vs. No 0.830(0.579-1.188)  0.309 0.843(0.533-1.332)  0.464
Drink status
Yes vs. No 1.008(0.725-1.400)  0.964 1.347(0.875-2.074)  0.177
Hypertension
Yes vs. No 1.161(0.765-1.761)  0.484 1.067(0.688-1.655)  0.773
Diabetes
Yes vs. No 1.471(0.909-2.383)  0.116
Virus-induced LF
Yes vs. No 0.964(0.696-1.335)  0.825 1.065(0.752-1.508)  0.724
ALSS
Yes vs. No 0.504(0.345-0.735)  <0.001 0.533(0.374-0.760)  0.001
Nosocomial infection
Yes vs. No 0.904(0.653-1.251)  0.541 1.089(0.775-1.530)  0.645
C-reactive protein
Normal vs. Abnormal 1.345(0.809-2.237)  0.253
Procalcitonin
Normal vs. Abnormal 18.61(4.126-84.00)  <0.001 17.35(5.201-83.55)  0.001
White cell count
Normal vs. Abnormal 0.610(0.343-1.084)  0.092 0.833(0.454-1.528)  0.566
Neutrophils
Normal vs. Abnormal 1.629(0.972-2.729)  0.064
Monocytes
Normal vs. Abnormal 0.909(0.501-1.651)  0.755 0.902(0.439-1.855)  0.799
Lymphocytes
Normal vs. Abnormal 1.619(0.794-3.300)  0.185
Hemoglobin
Normal vs. Abnormal 1.076(0.667-1.735)  0.765 1.820(0.909-3.644)  0.901
Platelet
Normal vs. Abnormal 1.144(0.665-1.965)  0.627
International normalized ratio (INR)
Normal vs. Abnormal 2.933(0.311-9373)  0.331 2.073(0.266-4.032)  0.114
Prothrombin activity
Normal vs. Abnormal 1.380(0.933-2.041)  0.160
Prothrombin time
Normal vs. Abnormal 1.276(0.911-1.787)  0.156
Cholinesterase
Normal vs. Abnormal 1.669(0.827-3.368)  0.153
Total bilirubin
Normal vs. Abnormal 0.755(0.493-1.154)  0.194
Aspartate aminotransferase
Normal vs. Abnormal 3.530(1.275-9.776)  0.015
Alanine aminotransferase
Normal vs. Abnormal 0.951(0.617-1.467)  0.821
Albumin
Normal vs. Abnormal 1.179(0.748-1.858)  0.479 1.189(0.714-1.980)  0.505
Creatinine
Normal vs. Abnormal 0.609(0.373-1.794)  0.087
Potassium
Normal vs. Abnormal 1.242(0.887-1.740)  0.208 1.614(0.830-3.138)  0.158
Sodium
Normal vs. Abnormal 1.197(0.760-1.885)  0.437
Blood ammonia
Normal vs. Abnormal 1.359(0.918-2.012)  0.125

LF, liver failure; HR, hazard ratio; CI: confidential interval; BMI, body mass index; ALSS, Artificial Liver Support

Systems.

the historical medical records due to the retrospective design of this
study. Consequently, important indicators of patient status, such as
coma grade, MELD score, and Child-Pugh score, cannot be assessed.
Nevertheless, we can indirectly evaluate the severity of the patient’s
condition. For example, INR, bilirubin levels, and creatinine are criti-
cal components used in calculating the MELD score. Furthermore,
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Fig. 1. Kaplan-Meier curves illustrating the overall survival of patients with LF, categorized according to the treatment modalities.

Table 5
Subgroup and interaction effect analyses demonstrating association between ALSS and mortality in patients
with LF.
Demographic factors SMC ALSS p-value  Interaction effect p-value
Sex
Male Reference  0.456(0.286-0.727)  0.001 2.084(0.867-5.011)  0.101
Female Reference  0.711(0.413-0.988)  0.018
Age group
>50y Reference  0.605(0.376-0.974)  0.038 1.446(0.714-2.927) 0305
<50y Reference  0.509(0.297-0.872)  0.014
BMI
Non-obesity Reference  0.378(0.259-0.553)  <0.001 3.359(0.350-8.897)  0.514
Obesity Reference  0.695(0.120-0.948)  0.003
Smoke status
Yes Reference  0.604(0.303-1.203)  0.151 1.005(0.391-2.582)  0.993
No Reference  0.514(0.340-0.776)  0.002
Drink status
Yes Reference  0.520(0.290-0.933)  0.028 0.768(0.330-1.790)  0.541
No Reference  0.546(0.349-0.853)  0.008
Hypertension
Yes Reference  0.554(0.248-0.740)  0.011 0.737(0.297-1.826)  0.510
No Reference  0.527(0.355-0.783)  0.002
Diabetes
Yes Reference  0.891(0.341-2.332)  0.815 1.389(0.496-3.885)  0.531
No Reference  0.509(0.348-0.744) <0.001
Virus-induced LF
Yes Reference  0.422(0.255-0.696)  0.001 0.681(0.328-1.414)  0.303
No Reference  0.677(0.402-0.942)  0.044
Nosocomial infection
Yes Reference  0.699(0.378-0.990)  0.006 2.215(0.573-4.572)  0.103
No Reference  0.303(0.181-0.506)  <0.001

LF, liver failure; SMC, standard medical care; BMI, body mass index; ALSS, Artificial Liver Support Systems.
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relevant parameters including bilirubin, albumin, prothrombin time,
and blood ammonia levels are available in our dataset and can pro-
vide insights into the status of hepatic encephalopathy to some
extent. Lastly, the limited number of patients from a single center
may also impact the findings of this research.

5. Conclusions

In conclusion, ALSS is not an independent risk factor for nosoco-
mial infections and can effectively prolong the lifespan of LF patients
without liver transplantation. The application of ALSS provides a
valuable therapeutic option, offering hope and improved prognosis
for individuals with LF, offering them a greater chance of survival.
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