
ORIGINAL RESEARCH
published: 16 November 2021

doi: 10.3389/fmed.2021.779744

Frontiers in Medicine | www.frontiersin.org 1 November 2021 | Volume 8 | Article 779744

Edited by:

Yu Shi,

Zhejiang University, China

Reviewed by:

Su Lin,

First Affiliated Hospital of Fujian

Medical University, China

Lang Bai,

Sichuan University, China

*Correspondence:

Zhong-ji Meng

zhongji.meng@163.com

†These authors have contributed

equally to this work

Specialty section:

This article was submitted to

Gastroenterology,

a section of the journal

Frontiers in Medicine

Received: 19 September 2021

Accepted: 13 October 2021

Published: 16 November 2021

Citation:

Chen Y-y, Li H, Xu B-y, Zheng X, Li B-l,

Wang X-b, Huang Y, Gao Y-h,

Qian Z-p, Liu F, Lu X-b, Shang J, Li H,

Wang S-y, Zhang Y-h, Meng Z-j and

Chinese Chronic Liver Failure (CLIF)

Consortium (2021) Plasma

Exchange-Based Non-bioartificial

Liver Support System Improves the

Short-Term Outcomes of Patients

With Hepatitis B Virus-Associated

Acute-on-Chronic Liver Failure: A

Multicenter Prospective Cohort Study.

Front. Med. 8:779744.

doi: 10.3389/fmed.2021.779744

Plasma Exchange-Based
Non-bioartificial Liver Support
System Improves the Short-Term
Outcomes of Patients With Hepatitis
B Virus-Associated
Acute-on-Chronic Liver Failure: A
Multicenter Prospective Cohort
Study
Yuan-yuan Chen 1†, Hai Li 2†, Bao-yan Xu 3†, Xin Zheng 4†, Bei-ling Li 5†, Xian-bo Wang 6†,

Yan Huang 7, Yan-hang Gao 8, Zhi-ping Qian 9, Feng Liu 10, Xiao-bo Lu 11, Jia Shang 12,

Hai Li 13, Shao-yang Wang 14, Yin-hua Zhang 1, Zhong-ji Meng 1* and

Chinese Chronic Liver Failure (CLIF) Consortium

1Department of Infectious Diseases, Hubei Clinical Research Center for Precise Diagnosis and Therapy of Liver Cancer, Taihe

Hospital, Hubei University of Medicine, Shiyan, China, 2 Key Laboratory of Gastroenterology and Hepatology, Department of

Gastroenterology, Renji Hospital, School of Medicine, Shanghai Institute of Digestive Disease, Shanghai Jiao Tong University,

Chinese Ministry of Health (Shanghai Jiao Tong University), Shanghai, China, 3Department of Infectious Diseases, Southwest

Hospital, Third Military Medical University (Army Medical University), Chongqing, China, 4Department of Infectious Diseases,

Institute of Infection and Immunology, Union Hospital, Tongji Medical College, Huazhong University of Science and

Technology, Wuhan, China, 5Hepatology Unit, Department of Infectious Diseases, Nanfang Hospital, Southern Medical

University, Guangzhou, China, 6Center of Integrative Medicine, Beijing Ditan Hospital, Capital Medical University, Beijing,

China, 7Hunan Key Laboratory of Viral Hepatitis, Department of Infectious Disease, Xiangya Hospital, Central South

University, Changsha, China, 8Department of Hepatology, The First Hospital of Jilin University, Changchun, China,
9Department of Liver Intensive Care Unit, Shanghai Public Health Clinical Centre, Fudan University, Shanghai, China,
10Department of Infectious Diseases and Hepatology, The Second Hospital of Shandong University, Jinan, China, 11 Liver

Disease Center, First Affiliated Hospital of Xinjiang Medical University, Urumqi, China, 12Department of Infectious Diseases,

Henan Provincial People’s Hospital, Zhengzhou, China, 13 Infectious Disease Center, Affiliated Hospital of Logistics University

of People’s Armed Police Force, Tianjin, China, 14Department of Infectious Diseases, Fuzhou General Hospital of Nanjing

Military Command, Fuzhou, China

Background and aims: Hepatitis B virus-associated acute-on-chronic liver failure

(HBV-ACLF) is a complicated syndrome with extremely high short-term mortality.

Whether plasma exchange (PE) improves HBV-ACLF outcomes remains controversial.

Here, PE-based non-bioartificial liver support system (NB-ALSS) effects on short-term

HBV-ACLF patient outcomes were investigated.

Materials and methods: HBV-ACLF patients from Chinese Acute-on-chronic Liver

Failure (CATCH-LIFE) cohort receiving standard medical therapy (SMT) alone or

PE-based NB-ALSS in addition to SMT were allocated to SMT and SMT+PE groups,

respectively; propensity score matching (PSM) was used to eliminate confounding

bias. Short-term (28/90-day and 1-year) survival rates were calculated (Kaplan-Meier).
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FIGURE 2 | Survival curves for patients with HBV-ACLF who received SMT alone or SMT+PE. (A–C) 28-day (A), 90-day (B), and 1-year (C) survival curves for

patients with HBV-ACLF. (D–F) 28-day (D), 90-day (E), and 1-year (F) survival curves for HBV-ACLF patients with ACLF grade 2. (G–I) 28-day (G), 90-day (H), and

1-year (I) survival curves for HBV-ACLF patients with MELD scores of 30–40. SMT, standard medical therapy; PE, plasma exchange; HBV-ACLF, hepatitis B

virus-associated acute-on-chronic liver failure.

3 (Figures 3G–I), especially for the latter. In addition, 28-day,
90-day, and 1-year survival rates in patients in the SMT+PE
group were 18.60, 14.20, and 20.10% higher than those in
the SMT group, respectively (Table 2). However, no significant
difference was found in the short-term survival rate between
the SMT group and SMT+PE group of HBV-ACLF patients
with ACLF grade 1, ACLF grade 3, MELD grade 2, and MELD
grade 4 (Supplementary Figure 2).

PE-Based NB-ALSS Does Not Lead to
Continuous Improvement in the Laboratory
Parameters of HBV-ACLF Patients Within
28 Days
Among 166 pairs of PSM-matched HBV-ACLF patients,
significant reductions in Tbil, GGT, and PT were observed
only on day 7 in those treated with SMT+PE compared with
those treated with SMT (Table 3). Although ALT, AST, and

GGT levels in the SMT+PE group were lower in patients
treated with SMT+PE on days 4, 7, 14, 21, and 28, and
thereafter, the difference was not significant (Figure 4). The
alkaline phosphatase (AKP) level of HBV-ACLF patients in the
SMT+PE group showed a continuous decline but fluctuated in
patients in the SMT group. However, Alb displayed a gradually
increasing trend in both groups, and Alb was significantly
higher in the SMT+PE group than in the SMT group on day
14. There were no significant differences in Cr, blood urea
nitrogen (BUN), Na+, serum potassium (K+), or hemoglobin
(HGB) levels at each time point. Although the WBC count
was significantly lower in the SMT+PE group than in the
SMT group on day 4 and 7, the PLT count was significantly
lower in the former on days 7, 14 and 21 (Figure 4). Further
analysis in SIRS scores showed that SIRS scores were significantly
lower in the SMT+PE group than those in the SMT group
on day 7 (0.62 vs. 1.03, p = 0.002) and day 14 (0.64 vs. 1.01,
p= 0.035) (Supplementary Figure 3).
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FIGURE 3 | Survival curves for 166 pairs of matched patients with HBV-ACLF who received SMT alone or SMT+PE. (A–C) 28-day (A), 90-day (B), and 1-year (C)

survival curves for patients with HBV-ACLF. (D–F) 28-day (D), 90-day (E), and 1-year (F) survival curves for HBV-ACLF patients with ACLF grade 2. (G–I) 28-day (G),

90-day (H), and 1-year (I) survival curves for HBV-ACLF patients with MELD scores of 30 to 40. PE, plasma exchange; SMT, standard medical therapy; HBV-ACLF,

hepatitis B virus-associated acute-on-chronic liver failure.

PE-Based NB-ALSS Is the Only
Independent Protective Factor for
Short-Term Prognosis in Patients With
HBV-ACLF
Based on multivariate Cox regression analysis, PE-based NB-
ALSS was the only independent protective factor for the survival
of HBV-ACLF patients at 28 days, 90 days, and 1 year (28 days,
HR = 0.516, p = 0.001; 90 days, HR = 0.663, p = 0.010; 1 year,
HR = 0.610, p = 0.051). Advanced age, combined with cerebral
failure (HE ≥ 3), respiratory failure and high MELD score were
independent risk factors for survival at 28 days (Table 4). The
independent risk factors for 90-day and 1-year survival of HBV-
ACLF patients are shown inTable 4. The results of univariate Cox
regression analysis are shown in Supplementary Table 1.

Frequency Is an Important Factor Affecting
the Efficacy of PE-Based NB-ALSS
Multivariate Cox regression analysis showed that for HBV-
ACLF patients treated with PE-based NB-ALSS, the frequency

of the therapy was the only independent protective factor for
28-day and 90-day survival (28-day, HR = 0.597, p = 0.001;
90-day, HR = 0.772, p = 0.018). Respiratory failure and high
INR were independent risk factors for 28-day survival, and
advanced age, respiratory failure, high BUN and high INR
were independent risk factors for 90-day prognosis (Table 5).
The results of univariate Cox regression analysis are shown in
Supplementary Table 2.

DISCUSSION

In this study, PE-based NB-ALSS significantly improved 28-
day and 90-day outcomes, as well as 1-year outcomes, in HBV-
ACLF patients. Nevertheless, subgroup analysis showed that
not all patients with HBV-ACLF benefited from PE-based NB-
ALSS. Indeed, PE-based NB-ALSS had significant efficacy only
in those with ACLF grade 2 or MELD grade 3, but did not
lead to continuous improvement in the laboratory parameters,
such as Tbil, PT, GGT, AST, and ALT, of HBV-ACLF patients
within 28 days. However, multivariate Cox regression analysis
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TABLE 2 | Cumulative survival rates of HBV-ACLF patients who received SMT alone or combination therapy with SMT and PE.

Time Survival rate χ
2 value p-value Survival rate difference

SMT+PE SMT

Unstratified All patients 28 days 69.50% 60.90% 5.005 0.025 8.60%

90 days 48.70% 42.80% 3.149 0.076 5.90%

1 year 42.20% 34.10% 3.944 0.047 8.10%

Matched patients 28 days 69.50% 57.60% 7.508 0.006 11.90%

90 days 48.70% 40.70% 4.633 0.031 8.00%

1 year 42.20% 31.30% 5.991 0.014 10.90%

ACLF grade 2 All patients 28 days 70.10% 62.90% 3.219 0.073 7.20%

90 days 47.80% 41.60% 2.537 0.111 6.20%

1 year 42.50% 34.00% 3.312 0.069 8.50%

Matched patients 28 days 70.10% 57.30% 6.637 0.010 12.80%

90 days 47.80% 40.00% 3.873 0.049 7.80%

1 year 42.50% 29.20% 5.940 0.015 13.30%

Meld grade 3 All patients 28 days 68.90% 54.10% 7.914 0.005 14.80%

90 days 50.00% 33.80% 9.253 0.002 16.20%

1 year 42.20% 23.50% 11.349 0.001 18.70%

Matched patients 28 days 68.90% 50.30% 10.562 0.001 18.60%

90 days 50.00% 35.80% 6.637 0.004 14.20%

1 year 42.20% 22.10% 11.229 0.001 20.10%

HBV-ACLF, hepatitis B virus-associated acute-on-chronic liver failure; ACLF, acute-on-chronic liver failure; PE, plasma exchange; SMT, standard medical therapy; Meld score, Model

for end-stage liver disease score.

TABLE 3 | Changes in laboratory parameters in patients with HBV-ACLF who

received SMT alone or combination therapy with SMT and PE-based NB-ALSS.

Parameter Group Mean SE t-value p-value

1Tbil SMT 21.38 17.12 2.039 0.043

SMT+PE −22.19 13.20

1GGT SMT 20.22 22.84 2.266 0.025

SMT+PE −26.12 7.07

1PT SMT 8.09 1.98 3.795 <0.001

SMT+PE 0.48 0.97

1, the difference in the value between day 7 and the baseline.

GGT, γ-glutamyltransferase; Tbil, total bilirubin; PT, prothrombin time.

indicated that PE-based NB-ALSS was the only independent
protective factor for 28-day and 90-day prognosis in HBV-
ACLF patients and that advanced age, cerebral failure, respiratory
failure, and high MELD score were independent risk factors
for 28-day prognosis. Additionally, advanced age, cerebral
failure, respiratory failure, hyponatremia, and elevated INR
were independent risk factors for 90-day prognosis, which is
consistent with the results of previous studies (22, 25, 26, 38).
PE-based NB-ALSS therapy was also found to be an independent
protective factor for the 1-year prognosis of HBV-ACLF patients
in this study.

Studies in Europe have shown that the molecular adsorbent
recirculating system (MARS) can improve the short-term
survival rate of patients with ACLF grades 2-3 (39). Ning Qin
et al. reported that plasma perfusion (PP) combined with PE

therapy significantly improves the short-term outcomes of HBV-
ACLF patients, with the best efficacy for those with ACLF grades
2-3 (38). In this study, however, PE-based NB-ALSS therapy only
exhibited significant efficacy for ACLF grade 2 patients, which
may not only be due to the different therapeutic mechanisms
of MARS and PE but also to the different disease characteristics
of ACLF patients in the East and West. In fact, alcoholism and
HCV infection are the most common causes of ACLF inWestern
countries, and renal function damage is very common in these
ACLF patients, whereas HBV infection is the most common
cause of ACLF in China (1, 3, 5, 40). Overall, HBV-ACLF patients
are more prone to liver failure and coagulation failure but less
prone to renal failure and cerebral failure (5, 6, 38). Of the
332 HBV-ACLF patients enrolled in the matched analysis in
this study, 278 (83.73%) had ACLF grade 2; among them, 243
(87.41%) patients had liver failure combined with coagulation
failure, 26 (7.83%) had ACLF grade 1, and 28 (8.43%) had
ACLF grade 3. Patients with ACLF grade 1 mostly experience
renal failure or cerebral failure with renal dysfunction. FFP is
rich in coagulation factors, albumin, immunoglobulin and other
essential substances and can partially replace the synthesis and
detoxification functions of the liver, thereby improving liver and
coagulation function in HBV-ACLF patients. Hence, PE-based
NB-ALSS has a significant therapeutic effect on patients with
EASL-ACLF grade 2. Although PE therapy is effective in clearing
albumin-bound toxins, it cannot effectively remove water-soluble
toxins of small and medium sizes. Therefore, PE therapy is not
ideal for improving renal function in HBV-ACLF patients. In this
study, PE-based NB-ALSS therapy showed no significant effect
in ACLF grade 1 patients, which may be related to the small

Frontiers in Medicine | www.frontiersin.org 8 November 2021 | Volume 8 | Article 779744

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Chen et al. PE Improves Prognosis of ACLF

FIGURE 4 | Changes in laboratory parameters in HBV-ACLF patients in the SMT group and SMT+PE group. SMT, standard medical therapy; PE, plasma exchange;

ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, γ-glutamyltransferase; AKP, alkaline phosphatase; Tbil, total bilirubin; Alb, albumin; Na+, serum

sodium; K+, serum potassium; Cr, serum creatinine; BUN, blood urea nitrogen; PT, prothrombin time; INR, international normalized ratio; WBC, white blood cell; HGB,

hemoglobin; PLT, platelet; *P value < 0.05; **P value < 0.01.

Frontiers in Medicine | www.frontiersin.org 9 November 2021 | Volume 8 | Article 779744

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Chen et al. PE Improves Prognosis of ACLF

TABLE 4 | Prognostic factors at 28 days, 90 days, and 1 year in HBV-ACLF

patients treated with SMT alone or in combination with SMT and PE-based

NB-ALSS.

Multivariate p value HR 95% CI HR Time point

Parameter Lower bound Upper bound

PE 0.001 0.516 0.353 0.755 28 days

Age <0.001 1.05 1.032 1.068

HE(≥3) <0.001 3.774 2.208 6.452

Respiratory failure <0.001 3.645 1.955 6.798

MELD score <0.001 1.09 1.058 1.122

PE 0.006 0.647 0.473 0.884 90 days

Age <0.001 1.049 1.035 1.064

HE(≥3) <0.001 3.945 2.349 6.625

Respiratory failure 0.001 2.633 1.508 4.596

Na+ 0.002 0.949 0.919 0.98

INR <0.001 1.325 1.214 1.446

PE 0.051 0.610 0.372 1.002 1 year

Age <0.001 1.038 1.016 1.059

HE(≥3) 0.006 3.221 1.392 7.450

INR <0.001 1.289 1.134 1.466

CRP 0.004 1.017 1.005 1.028

HBV-ACLF, hepatitis B virus-associated acute-on-chronic liver failure; PE, plasma

exchange; HE, hepatic encephalopathy; Meld score, Model for end-stage liver disease

score; Na+, serum sodium; INR, international normalized ratio; CRP, c-reactive protein;

HR, hazard ratio.

number of ACLF grade 1 patients and the weak effect of PE on
renal failure. For patients with ACLF grade 1, CRRT or DPMAS
in addition to SMT is recommended, as is the combination of PE
with CRRT or DPMAS. Patients with ACLF grade 3 underwent
at least 3 organ failures, and their 28-day mortality can be as high
as 78.6% without LT (7). Although studies have shown that PE
can control the occurrence and development of multiple organ
failure in ACLF patients, PE therapy may be ineffective for those
who have already experienced multiple organ failure. Instead, it
will increase the risk of infection, hemodynamic instability and
HE (22, 38). In the present study, PE-based NB-ALSS therapy
did not improve the outcomes of ACLF grade 3 patients, and it is
recommended that such patients receive LT as soon as possible.

Among HBV-ACLF patients with MELD scores between 30
and 40, 28-day, 90-day, and 1-year survival rates increased by 14–
20% in patients who received SMT+PE therapy compared with
those who received SMT alone. However, in HBV-ACLF patients
with MELD scores >40, SMT+PE therapy failed to improve
short-term survival rates, similar to the result of Yu et al. (26).
Because the MELD scores of the ACLF patients enrolled in Yu
et al.’s study were all >30, their study did not investigate the
effect of PE therapy in those with MELD scores <30. Among
the HBV-ACLF patients included in the matching analysis in the
present study, there were only 3 with MELD scores<20, which is
too small for a statistical analysis. Our study cohort comprised
45 patients in the SMT group and 58 in the SMT+PE group
with MELD scores between 20 and 30, and PE-based NB-ALSS
therapy did not improve the short-term survival rate of these

TABLE 5 | Prognostic factors in HBV-ACLF patients treated with PE-based

NB-ALSS.

Multivariate p-value HR 95% CI HR Time point

Parameters Lower bound Upper bound

PE times 0.001 0.597 0.436 0.816 28 days

Respiratory failure 0.001 4.497 1.843 10.973

INR 0.007 1.216 1.056 1.400

PE times 0.018 0.772 0.623 0.957 90 days

Age 0.003 1.033 1.011 1.055

Respiratory failure 0.022 2.829 1.159 6.905

BUN 0.035 1.037 1.003 1.072

INR 0.002 1.225 1.075 1.396

Respiratory failure 0.057 3.510 0.965 12.773 1 year

CRP 0.001 1.024 1.010 1.039

PT <0.001 1.039 1.018 1.061

PE, plasma exchange; HE, hepatic encephalopathy; INR, international normalized ratio;

BUN, blood urea nitrogen; CRP, c-reactive protein; PT, prothrombin time; HR, hazard ratio.

patients. However, Xia et al.’s study showed that PE-based NB-
ALSS can significantly improve the short-term outcomes of HBV-
ACLF patients with a MELD score ≤ 30. In particular, the 12-
week survival rate of patients withMELD score≤ 20 increased by
21%; for patients with MELD score >30, the 4–48 weeks survival
rate was significantly lower in those receiving PE therapy than in
those receiving SMT (41). Although the sample size (787 cases)
was sufficient, Xia et al.’s study was a single-center retrospective
study without PSM analysis, and the study by Yu et al. was a
prospective randomized controlled study with a higher level of
evidence. Therefore, PE-based NB-ALSS therapy can improve
short-term outcomes in patients with HBV-ACLF but is likely
to have significant efficacy in only a subset of patients. A large,
prospective, multicenter randomized controlled study is needed
to further define the subgroup of patients who will potentially
benefit from PE-based NB-ALSS therapy.

In the study of Chen et al., PE therapy was found to
significantly reduce Tbil and INR in ACLF patients (42). Yao
et al. also reported that the ALT, AST, Tbil, and INR of HBV-
ACLF patients were significantly reduced after PE therapy (43).
In our study, there was an instantaneous and significant decrease
in Tbil after PE-based NB-ALSS therapy (data not shown), but
Tbil and other laboratory parameters rebounded to high levels in
the absence of subsequent PE-based NB-ALSS therapy. Indeed,
significantly reductions in Tbil, GGT, and PT were only detected
on day 7 in PSM-matched HBV-ACLF patients who received
PE-based NB-ALSS therapy. According to the consensus of the
Asian Pacific Association for the Study of the Liver (APASL),
patients with ACLF who develop SIRS within 7 days after disease
onset will subsequently develop multiple organ failure (MOF)
and are deemed to have a very poor prognosis. Therefore, the
development of SIRS within 1 week is an important determinant
of prognosis in patients with ACLF (44). PE therapy can
significantly reduce levels of pro-inflammatory cytokines in
ACLF patients, thereby preventing overactivation of the immune
system (22–24, 38, 45). In this study, the WBC count showed a
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slight decline in the SMT+PE group and an increase in the SMT
group. The WBC count in the SMT+PE group was significantly
lower than that in the SMT group on day 4 and 7, and the SIRS
scores were also significantly lower in the SMT+PE group than
in the SMT group on day 7 and 14. Thus, PE-based NB-ALSS
therapy reduces the inflammatory response degree in HBV-ACLF
patients, which may reduce the occurrence of SIRS and MOF.
This finding may explain why in this study, PE-based NB-ALSS
therapy improved the prognosis of HBV-ACLF patients without
continuous improvement in laboratory parameters. In addition,
the disease course of ACLF patients who survive for 28 days
usually exceeds 60 days, and most patients begin to recover after
28 days. Nonetheless, the laboratory parameters of HBV-ACLF
patients were only recorded for 28 days in this study. Overall,
extending the observation period may reveal the effect of PE-
based NB-ALSS therapy in improving the laboratory parameters
of HBV-ACLF patients.

The platelet count of HBV-ACLF patients receiving PE-based
NB-ALSS therapy continued to decrease and was significantly
lower than that of patients in the SMT group. This phenomenon
may be related to thrombocytopenia caused by the use of heparin
(46, 47). Therefore, platelet changes and the coagulation function
of ACLF patients receiving PE-based NB-ALSS therapy should
be closely observed in the clinic. It is suggested that HBV-
ACLF patients with platelet counts <50× 109/L should be given
low molecular weight heparin or citrate as an anticoagulant
during the PE-based NB-ALSS process to avoid heparin-
induced thrombocytopenia.

In this study, the median PE-based NB-ALSS therapy
frequency was 2, andmultivariate Cox regression analysis showed
that the frequency of the therapy was the only independent
protective factor for 28-day and 90-day prognosis in HBV-ACLF
patients treated with this modality. This result suggests that the
more PE-based NB-ALSS therapy is administered, the better is
the prognosis of HBV-ACLF patients. Surprisingly, the timing
of PE-based NB-ALSS therapy in HBV-ACLF patients and the
volume of FFP used per session were not significantly associated
with prognosis. As most of the patients in this study received
PE-based NB-ALSS therapy within 1 week after admission and
the FFP volume used for each session was ∼2 L for the vast
majority of patients, we were unable to evaluate the impact
of the timing and FFP volume on the efficacy of the therapy.
In a multicenter prospective study by Larsen FS et al., high-
volume (8–12 L) PE therapy once daily for 3 consecutive days
significantly improved outcomes in patients with ALF (22), and
Stahl et al.’s showed that low-volume (2–3 L) PE per day was as
effective as high-volume PE for ALF patients (48). These results
suggest that frequent PE therapy can improve the outcomes of
those with liver failure when the FFP volume is no <2 L. In
this study, the frequency of PE-based NB-ALSS therapy, rather
than the FFP volume, exhibited a significant impact on the
therapeutic effect of the therapy, which again confirmed the
results of Stahl et al.’s study. Therefore, frequent low-volume
PE-based NB-ALSS therapy is recommended for HBV-ACLF
patients, potentially reducing both the amount of FFP and the
risk of complications such as internal environment disorder and
hemodynamic instability.

The CATCH-LIFE study consisted of two prospective
multicenter cohorts of acute exacerbations of chronic liver
disease established by 15 tertiary hospitals. The locations of these
15 tertiary hospitals cover 95% of the population distribution
in China. The HBV-ACLF patients enrolled in this study were
all from CATCH-LIFE, effectively reducing selection bias and
rendering the research results reliable. Nevertheless, this study
has some limitations. First, this was an observational study;
the timing, frequency and FFP volume of PE therapy were
not carried out uniformly, and the sample size was not large
enough. The optimal timing, frequency and FFP volume of
PE therapy still need to be determined through a multicenter
randomized controlled study. Second, only HBV-ACLF patients
were enrolled, and whether the results are applicable to ACLF
patients with other etiologies needs further investigation. Third,
as this study found that PE-based NB-ALSS therapy could
not continuously improve the laboratory parameters of HBV-
ACLF patients during the 28-day observation period, the clinical
observation period should be extended to further clarify the
improvement effect. Finally, this study did not detect levels
of inflammatory cytokines before and after PE-based NB-ALSS
treatment, and thus the mechanism of PE-based NB-ALSS was
not examined. Fortunately, proteomics andmetabolomics studies
are being conducted using blood samples from this cohort, and
the results may clarify the mechanism of PE-based NB-ALSS as
ACLF therapy.

In conclusion, this study showed that PE-based NB-ALSS
therapy significantly improves the short-term (28/90-day and 1-
year) outcomes of patients with HBV-ACLF, and that patients
with EASL-ACLF grade 2 or MELD scores of 30–40 are more
likely to benefit, thereby reducing their dependence on LT.
Moreover, increasing the frequency of PE therapy may provide
greater benefits to patients with HBV-ACLF.
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