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Abstract

Background: Liver transplantation is the definitive management for acute liver (ALF) and end-stage liver disease (ESLD). This is lim-
ited by accessibility, lack of potential donors, and cost. At present, as a bridge for liver transplantation, artificial liver support systems

(ALSS) such as double plasma molecular adsorption system (DPMAS) are being utilized.

Methods: This case series aimed to review outcomes of patients who had DPMAS from 2018 to 2023. This case series included pa-
tients from a tertiary referral center in the Philippines. Records of patients who had acute-on-chronic liver failure, acute liver failure,

and severe decompensated liver cirrhosis who underwent DPMAS were reviewed.

Results: Ten patients were included in this series. Seven out of the ten patients were discharged, while three died from multi-organ
failure. Prothrombin time and INR improved post-DPMAS. Consequently, prognostic scores, specifically MELD-Na, was lower. Like-
wise, Hepatic Encephalopathy (HE) grade and degree of ascites improved. Two of these patients underwent successful liver trans-

plantation eventually.

Conclusion: Patients who underwent DPMAS in this series showed improvement in clinical as well as laboratory parameters mea-
suring hepatic synthetic function, and MELD-Na. DPMAS is a promising modality for bridging ALF and end-stage liver disease to

transplantation, and in some cases, recovery to compensated state.
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Introduction

Acute-on-chronic liver failure (ACLF) is a syndrome character-
ized by decompensation in patients with chronic liver disease, gen-
erally secondary to one or more extra-hepatic organ failures. Acute
decompensation (AD), on the other hand, is used for one or more
consequences of liver disease including hepatorenal syndrome,
variceal bleeding, and Spontaneous Bacterial Peritonitis (SBP) in
a short time [1]. The latter being the most common reason for hos-
pital admission in patients with liver cirrhosis. In addition, acute
liver failure (ALF) refers to the development of severe acute liver
injury with impaired synthetic function (INR of 21.5) and altered
mental status in a patient without cirrhosis or preexisting liver dis-
ease. The previously stated complications are associated with high

mortality rate prompting urgent management.

Risk stratification systems among this subset of patients are
needed to determine who likely will benefit more with treatment.
One of the scoring systems used among this subset of patients is
the Chronic Liver Failure Consortium ACLF (CLIF ACLF). It incor-
porates the number of failing organ systems, age and white cell
count to calculate an ACLF score and a predicted mortality rate.

The score is dynamic throughout a patient’s course [2].

Liver transplantation is the definitive management for liver fail-
ure, which is limited by accessibility, lack of potential donors, and
cost [3]. At present, as a bridge for liver transplantation, artificial
liver support systems (ALSS) such as double plasma molecular ad-

sorption system (DPMAS) are being utilized [4].

ALSS serve as bridge to liver transplantation (i.e., while wait-
ing for a suitable organ or to liver recovery) [5]. It removes bili-
rubin, cytokines, endotoxins, aromatic amino acids, and ammonia
in the blood. Based on available literature, total plasma exchange
(TPE) shows benefit over standard medical treatment in bridging
patients to transplantation. It improves coagulopathy, bilirubin, as-
partate aminotransferase (AST), alanine aminotransferase (ALT),
And ammonia [6]. Compared to plasma exchange, ALSS such as
DPMAS has common advantages and lower adverse events includ-
ing urticaria, infection, and shock while significantly improving pa-

tients’ prognosis [7].

DPMAS is one of the newer ALSS technologies. It uses HA330-X
Disposable Hemoperfusion Cartridge to adsorb primarily ammo-

nia as well as medium and large molecular toxins, combined with
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BS330 Disposable Plasma Bilirubin Adsorption Column to adsorb
bilirubin and bile acids. It has a good adsorption effect on bilirubin

and inflammatory mediators without consuming plasma [6].

According to the study by Wu,, et al. in 2021, DPMAS significant-
ly improved transplant-free survival in patients with liver cirrhosis.
After DPMAS treatment, significant decline was noticed in the total
bilirubin, direct bilirubin, total bile acid, and cholesterol of patients
[8]. Another study by Wan., et al. in 2017 concluded that DPMAS
improves 12-week survival in patients with acute on chronic liver
failure [6,9,10].

This case series presents the outcome of patients who under-

went DPMAS in our institution.
Materials and Methodology

This case series included patients admitted at tertiary care
institutions in the Philippines. The records of patients who had
acute-on-chronic liver failure, acute liver failure, and decompen-
sated liver cirrhosis who received DPMAS were reviewed. Patients
included were adults aged 19 years old and above, patients who
had acute-on-chronic liver failure, acute liver failure, and decom-

pensated liver cirrhosis who underwent DPMAS therapy.

All patients received standard medical therapy (SMT) including
bed rest, adequate nutritional support, enteral with or without par-
enteral nutrition, antiviral treatment for those with chronic hepa-
titis B, sodium restriction, diuresis, paracentesis for those with
volume overload/ascites. Culture-guided antibiotics given. Hepatic
encephalopathy regimen also started. Inotropic support also was

given to patients during hypotensive periods.

All patients received DPMAS (HA 33011 and BS 330 cartridge uti-
lization), except for one patient who only had BS 330 cartridge he-
moperfusion. All had triple intrajugular catheter as access, except
for those who had existing femoral catheter. Continuous renal re-
placement therapy (CRRT) machine was used to facilitate DPMAS.
A hospital nephrologist was called to comanage all patients during
DPMAS sessions. Patients were hooked to the CRRT machine be-
tween 2-3 hours per session, and each session was spaced 2-4 days
apart depending on the condition of the patient. Heparin was used
for anticoagulation. Blood transfusion given for those with platelet
< 75,000 (or if with active bleeding), PT INR > 1.5 (or if with active
bleeding, or significant bruising) as stated in the institution’s re-
leased “Manual on Blood Purification through Sorbent Technology
[12,13].
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Descriptive statistics were used to summarize the data ob-
tained. The research study adhered to the ethical considerations
and principles defined by relevant guidelines. Patients or the pub-
lic were not involved in the design, or conduct, or reporting, or dis-

semination plans of our research.

Case Discussion
Patient 1. JC, 50-year-old male with alcohol-related liver dis-
ease

J.C. is a diagnosed case of alcohol-related liver cirrhosis admit-
ted for fever and managed as complicated urinary tract infection.
During the hospital course, he had a MELD-Na score of 25, with
HRS thus diagnosis of ACLF was made. In addition to standard
medical management, he underwent DPMAS for three sessions.
The degree of hepatic encephalopathy and ascites decreased af-
ter medical management with DPMAS sessions. Patient was dis-

charged improved.

Patient 2. AC, 50-year-old male with chronic hepatitis B

A.C. is a diagnosed patient with chronic hepatitis B for 20 years
presenting with jaundice and decrease in sensorium. He had base-
line MELD-Na score of 34, and initial CLIF score of 66. Upon ad-
mission, he was managed for ACLF with spontaneous bacterial
peritonitis. DPMAS was done for 1 session. Patient was enlisted for
liver transplantation, but due to lack of suitable deceased donor, he

succumbed to multiorgan failure.

Patient 3. ML, 61-year-old female with metastatic breast can-
cer

M.L. was diagnosed with Breast Invasive Ductal Carcinoma
Stage IV with metastasis to the liver. Patient was ongoing pallia-
tive chemotherapy with paclitaxel and capecitabine when she pre-
sented with elevated bilirubin, ALT, PTT, creatinine, and increase
in ascites. Chemotherapy was put on hold; diuresis and antibiotics
were initiated. Despite these, she had deterioration of laboratory
parameters. She then underwent 2 sessions of DPMAS. Post-DP-
MAS laboratory results showed improvement of the following liver
function tests. She was discharged improved prior to resumption

of palliative chemotherapy.

Patient 4. IL, 41-year-old male with metabolic dysfunction-

associated steatotic liver disease (MASLD)

L. is a diagnosed patient with liver cirrhosis from MASLD ad-
vised for admission for bleeding esophageal varices. Baseline prog-
nostic scores: Child Pugh Score C (14), MELD-Na 34 and CLIF 54.

He was managed with upper endoscopy with rubber band ligation
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and initiation of vasoconstrictors. DPMAS was done while patient
was being optimized for liver transplant. Comparative laboratory
results before and after DPMAS showed: ALT of 44 U/L from 76
U/L, 13.2mg/dL from 6.6mg/dL, INR of 2.01 from 1.8 and ammo-
nia of 87 umol/L from 116 umol/L. Despite an interval increase
in bilirubin and INR attributed to sepsis, there was resolution of
patient’s ascites and hepatic encephalopathy. MELD-Na and CLIF
scores improved after DPMAS to 29 and 40, respectively. The pa-
tient underwent successful liver transplantation after a match with

a suitable deceased donor.

Patient 5. DD, 40-year-old male with chronic hepatitis B

The patient was admitted for ACLF from Chronic hepatitis B-re-
lated cirrhosis with complicated UTI as precipitating factor. He had
the following prognostic scores on admission: MELD-Na 33, Child
Pugh C (14) and CLIF 55. Baseline labs showed ALT of 90 U/L, total
bilirubin of 21.9 mg/dL, INR of 3.09, and ammonia of 82 umol/L.
He underwent DPMAS for 2 sessions while awaiting resolution of
CUTI prior to liver transplant. There was interval decrease of ALT,
bilirubin, and INR to 34 U/L, 14.97 mg/dL and 2.96, respectively.
MELD-Na and CLIF scores improved to 31 and 47, respectively. He
eventually underwent deceased donor liver transplantation and

was discharged improved.

Patient 6. JM, 26-year-old male with severe leptospirosis (Wei-
Is Syndrome)

The patient was admitted for acute respiratory failure second-
ary to septic shock and acute kidney injury from Weils Syndrome.
He was admitted to ICU and was put on extracorporeal membrane
oxygenator (ECMO) support for acute respiratory distress syn-
drome (ARDS) from pulmonary hemorrhage. In addition to hemo-
perfusion to address cytokine storm, the managing team consensus
was to initiate DPMAS therapy to prevent bile nephropathy from
marked hyperbilirubinemia as an additional factor for kidney inju-
ry. After therapy, total bilirubin decreased to 24.6 mg/dL. However,
patient had progressive multiple organ failure and expired.

Patients 7, 8, and 9. Adult with ischemic hepatitis from cardio-
genic shock

Three patients had acute liver failure from ischemic hepatitis
secondary to cardiogenic shock. Patient 9 had fatty liver at baseline.
Upon assessment of liver failure, patients 7, 8, and 9 had baseline
ALT levels as follow: 1727 U/L, 205 U/L, and 101 U/L, respectively.
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They all had grade 3 hepatic encephalopathy and hyperbilirubine-
mia which ranged from 2.05 mg/dL to 8.3 mg/dL. The level of se-
rum ammonia before and after DPMAS showed consistent interval
decrease. Patient 7 underwent 3 DPMAS sessions, while patients
8 and 9 underwent 2 sessions. Post-DPMAS, there was resolution
of hepatic encephalopathy with improvement of MELD Na, Child-
Pugh and CLIF scores. They were all discharged improved.

Patient 10. MG, 53-year-old female with acute on chronic liver
failure from chronic hepatitis B-related liver cirrhosis

M.G. was diagnosed with liver cirrhosis from chronic hepatitis
B. She had the following prognostic scores on admission: MELD-Na
27, Child Pugh C (10) and CLIF 59. Baseline labs showed ALT of
218 U/L, total bilirubin of 24.3 mg/dL, INR of 1.4, and ammonia
of 384 umol/L. She had spontaneous bacterial peritonitis as her
decompensating event. She underwent 2 DPMAS sessions. There
was interval decrease in laboratory results after DPMAS (ALT of
100 U/L, total bilirubin of 15 mg/dL, and ammonia of 180 umol/L.
INR was maintained at 1.4. However, patient had progressive septic

shock and expired.

Results

The patient characteristics and outcomes are shown in table 1.
Ten patients were included in this study. The patients’ age ranged
from 27 to 77 years old. Seven patients were male. Three patients
presented with ACLE, while two other patients had an acute decom-
pensating event of liver cirrhosis. In addition, one patient had acute
liver failure related to metastatic breast cancer. Another patient
had bile nephropathy complicating severe leptospirosis. Three pa-
tients had acute liver failure from ischemic hepatitis secondary to
cardiogenic shock. The average DPMAS sessions from presentation

to outcome are 1.8 sessions.

Eight patients had concurrent sepsis from varying causes which
included complicated urinary tract infection, spontaneous bacteri-
al peritonitis, severe leptospirosis, and hospital-acquired pneumo-
nia. Among these patients, 5 were discharged improved. Two were
bridged to liver transplant, while the remaining three patients died

from multiorgan failure.

The laboratory results related to liver dysfunction including
ALT, total bilirubin, INR, creatinine and ammonia before and after
DPMAS treatment are summarized in table 2. The MELD-Na, CLIF
ACLF, and CTP scores before and after DPMAS are noted in table 3.
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Age| Sex Etiology of Liver Disease Indications for DPMAS |Cause of decompensation Sessions| Outcome

Patient1 | 50 | M | Alcohol-related liver cirrhosis ACLF CUTI 3 Alive

Patient2 | 46 | M Chronic Hepatitis B ACLF SBP 1 Death

Patient3 | 61 | F Metastatic Breast Cancer ALF SBP 2 Alive

Patient4 | 41 | M MASLD Decompensated liver cirrhosis Pneumonia 1 Alive

Patient5 | 40 | M Chronic Hepatitis B Decompensated liver cirrhosis CUTI 1 Alive

Patient6 | 27 | M Weil’s Syndrome Bile Nephropathy Weil’s Syndrome 1 Death

Patient7 | 77 | M Ischemic hepatitis from ALF Pneumonia 3 Alive
Cardiogenic shock

Patient8 | 54 | M Ischemic hepatitis from ALF None 2 Alive
Cardiogenic shock

Patient9 | 53 | F Ischemic hepatitis from ALF None 2 Alive
Cardiogenic shock

Patient 10| 53 | F Chronic Hepatitis B ACLF SBP 2 Death

Table 1: Patient characteristics and outcomes.

Abbreviations: MAFLD: Metabolic Associated Fatty Liver Disease; ALF: Acute Liver Failure; ACLF: acute on Chronic Liver Failure; CUTI:
Complicated UTI; SBP: Spontaneous Bacterial Peritonitis

ALT (U/L) Total bilirubin (mg/dL) INR Creatinine Ammonia (umol/L)
Before After Before After Before After Before After Before After
Patient 1 82 51 11.23 7.01 2.22 2.7 0.54 1.02 150 78
Patient 2 763 350 33.47 32.17 3.69 2.73 0.73 2.4 310 NA
Patient 3 214 NA 30 24.8 1.65 1.29 1.4 1.6 58.5 53
Patient 4 76 44 6.6 13.2 1.8 2.01 3.21 1.75 116 87
Patient 5 90 34 21.9 14.97 3.09 2.96 1.2 1.1 82 NA
Patient 6 29 2084 325 24.6 2 NA 2.69 3.11 NA NA
Patient 7 1727 95 8.3 1.8 1.43 1.2 0.39 2.9 56 56
Patient 8 205 84 6.2 3.5 1.4 1.4 1.5 2.4 90 30
Patient 9 101 75 2.05 1.17 1.8 1.15 0.05 3.9 400 100
Patient 10 218 100 24.3 15 1.4 1.4 1.5 NA 384 180
Table 2: The laboratory results between the peak values before DPMAS and after DPMAS.
Abbreviations: ALT: Alanine Aminotransferase; INR: International Normalized Ratio; NA: Not Available
Encephalopathy CLIF score MELD Na Child Pugh Score Outcome
Before After Before After Before After Before After
Patient 1 None None 64 50 25 28 C(12) c(11) Alive
Patient 2 Grade 3 Grade 4 66 75 34 39 C(13) C(15) Death
Patient 3 None None 57 53 32 29 C(10) C(10) Alive
Patient 4 Grade 3 None 54 40 34 29 C(14) B (9) Alive
Patient 5 Grade 2 None 55 47 33 31 C(14) C(10) Alive
Patient 6 Grade 4 Grade 4 63 70 37 37 C(12) C(12) Death
Patient 7 Grade 3 None 54 45 34 11 10 (C) 6 (A) Alive
Patient 8 Grade 3 None 57 35 17 23 11 (Q) 9 (B) Alive
Patient 9 Grade 3 None 53 36 25 22 10 (C) 5(4) Alive
Patient 10 Grade 3 Grade 4 59 71 27 NA 10 (C) 11 (C) Death

Table 3: Prognostic scores before DPMAS and after DPMAS.
Abbreviation: NA: Not Available
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Discussion

In this case series, it is evident that the liver clearance function
of patients with ACLF, ALF and severe decompensated liver cirrho-
sis was significantly reduced. The accumulation of endogenous tox-
ic substances, such as various water-soluble toxin, protein-bound
toxins, and metabolites, seriously affect hepatocyte regeneration

and hence the recovery of liver function in these patients [14].

At present, liver transplantation is the definitive management
for liver failure. However, this is limited by expertise, accessibility,

lack of potential donors and cost [2].

Sirtuin 1 has been the subject of thorough investigation in the
context of liver injury, and studies have shown the indispensable
contribution of SIRT1 in liver apoptosis, bile acid regulation, oxida-
tive stress, autophagy, activation of hepatic stellate cells and signal-
ing of inflammatory mediators [17, 18]. In recent years, increasing
literatures have emerged highlighting the therapeutic potential of
drugs targeting SIRT1. Hence another very promising modality in
the management of liver injury - from mild to severe liver deterio-
ration, to frank liver failure - is the application of these particular
drugs. They may enable normal liver formation and prevent multi-
organ disease syndrome [19]. SIR1 activation versus SIR1 inhibi-
tors may also be critical to the improvement of patients with ALF
and in the future, hopefully, a large-scale clinical trial about its ef-

fects be done and validated.

As a bridge to liver transplantation, the artificial liver support
systems (ALSS) are used [3]. ALSS removes excess bilirubin and
bile acids, ammonia and other inflammatory mediators, and pro-

motes recovery. An example of this ALSS is DPMAS.

In this case series, a third of the patients died due to sepsis and
multi-organ failure. These patients had higher admitting MELD
scores and worse HE grades. This contrasts with the 7 other pa-
tients with better baseline liver function. This is consistent with
results from previous studies which showed that ALT, INR, biliru-
bin, and HE are predictors of mortality in patients with ACLF and
ALF. Two patients (patients 4 and 5) were successfully bridged to
liver transplantation with DPMAS. A study by Ling., et al. showed
that DPMAS improved short-term survival in patients with ACLF
through improved hepatic synthetic test results [11].

Likewise in a CART analysis done, patients were deemed to have
high 28-day mortality risk if there is HE or if PT > 28 seconds even
after ALSS therapy.® The 3 mortalities in our case series had pro-

gression of their encephalopathy despite the DPMAS received.
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Preliminary data from literature show promising use of DPMAS
in ACLF and ALF. A meta-analysis by Zhang., et al. explored the
efficacy and safety of DPMAS-based artificial liver support in the
management of ACLF [5]. Similar to our series, the total bilirubin
significantly decreased with DPMAS which was related to the spe-
cific BS330 bilirubin adsorption column in DPMAS [11]. Our ob-
servations also indicated that in addition to total bilirubin, there
was also a decrease in ALT, serum ammonia, and creatinine with
DPMAS. The proposed mechanism is clearance of inflammatory

factors with this modality.

On the other hand, the improvement of INR were not observed
consistently in this series. This is explained by the contact between
the blood of patients and the adsorption column which damages

the coagulation factors [6].

As expected, improvement of bilirubin levels and creatinine con-
sequently improved the MELD-Na and CTP scores of the patients in
this series. Improvement in organ failures prior to liver transplant
reflected by improved prognostic scores improve patient outcomes
[11]. The findings in this series is also similar to a study in 2018 by
Niu,, et al. which showed that DPMAS effectively improved coagu-
lation function, and inflammatory response in ACLF patients [15].
No adverse effects from the use of DPMAS were encountered by

our patients.

The authors acknowledge the limitations of this case series. The
limited number of patients may not reflect the overall benefit of
DPMAS. A large multicenter study is suggested to define the addi-
tional indications for DPMAS and timing of this modality based on
available prognostic score systems. Based on the patients included
in this series, there was improvement on the coagulation function,
bilirubin and ammonia level, conditions for hepatocellular regen-

eration, and transplant-free survival after DPMAS.

Conclusion

DPMAS is a promising modality for bridging ALF and end-stage
liver disease to transplantation, and in some cases, recovery to a

less decompensated state.
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