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Liver Failure is a kind of clinical syndrome in which 

the liver function, such as synthesis, detoxification, 

excretion and biotransformation appears disorders or 

discompensation. Liver failure is normally caused 

by diverse factors and can result in coagulation 

dysfunction, jaundice, hepatic encephalopathy as 

main symptoms with an extremely high mortality 

rate.  Artificial liver Support System (ALSS), 

namely artificial liver, is a support system in vitro 

which temporarily replaces partial liver function. Its 

treatment mechanism is based on the strong 

regeneration ability of liver cells and through the 

mechanical, physical and chemical, and biological 

units in vitro various harmful substances are 

removed from the liver and in the meanwhile 

essential substances are supplemented, and thus the 

internal environment is improved. All these are 

supporting to create the necessary conditions for the 

liver cell regeneration and liver function recovery or 

as a bridge before liver transplantation.  There are 

three different types of artificial liver, namely 

Non-bioartificial, Bioartificial and Hybrids. 

Currently non-bioartificial liver is widely used in 

clinic and is proved to be an effective liver support 

system in vitro.  

Liver Failure and Artificial Liver Group, Society of 

Infectious Diseases, Chinese Medical Association 

established in 2009 the “Guidelines for 

Non-bioartificial Liver Support System in Treatment 

of Liver Failure (2009 Edition)”.This Guideline 

plays a very important role in our country in aspect 

of treatment of liver failure with non-bioartificial 

liver support system.  In the recent years, 

significant progress has been made with 
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non-bioartificial liver. In order to further standardize 

its treatment and integrate it with international 

standards, based on the latest national and 

international research results and the guideline of 

2009 the “Guidelines for Non-bioartificial Liver 

Support System in Treatment of Liver Failure (2016 

Edition)” (hereinafter referred to as ”Guideline“)is 

established for clinical staff for reference purpose. 

 

1 Judgment Criteria for the Indications, 

Contraindications and Efficacy of 

Non-bioartificial Liver Treatment 

1.1 Indications of Non-bioartificial Liver Treatment

 （1）In the early and middle stages of liver 

failure caused by various factors, patients whose 

Prothrombin activity (PTA) is between 20% to 40% 

are applicable for it. Patients who are in the late 

stage of liver failure are in very bad health condition 

and could be associated with diverse complications. 

Thus their situations must be very carefully 

evaluated and then correspondingly treated, and at 

the same time they should actively seek for a liver 

transplantation.（2）Patients who are in the end-stage 

of liver disease and waiting for the liver source for 

liver transplantation, or who are in the rejection 

phase after the liver transplantation or whose 

transplanted liver is in the nonfunctional phase.（3）

Patients who had severe cholestatic liver disease and 

there was no effective results after medical treatment, 

or patients with severe hyperbilirubinemia caused by 

various factors. 

1.2 Contraindications of Non-bioartificial Liver 

Treatment （1）Patients with active bleeding or 

disseminated intravascular coagulation.（2）Patients 
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who have serious allergies for the blood products or 

drugs used in the treatment, such as plasma, heparin 

and protamine and so on.（3）Patients with instable 

hemodynamics.（4）Patients who are in the unsteady 

phase of infarction caused by cardiovascular and 

cerebrovascular accidents. （ 5 ） Patients with 

extravascular hemolysis.（6）Patients with severe 

sepsis. 

1.3 Efficacy Judgment of Artificial Liver Treatment

 Clinically, the efficacy is usually judged with 

the short-term efficacy and long-term efficacy.  

1.3.1 Short-term Efficacy  

1.3.1.1 Efficacy after Treatment  （ 1 ） The 

level of hepatic encephalopathy is lower.（2）

Alimentary symptoms are improved.（3）The serum 

bilirubin level is decreased.（4）The prothrombin 

activity (PTA) or International Normalized Ratio 

(INR) is improved.（5）The Mode for End-stage 

Liver Disease (MELD) scoring is decreased.（6）

Other laboratory parameters, such as blood ammonia, 

endotoxins and so on are decreased. 

1.3.1.2 Improvement Rate, 4 weeks after 

treatment  （ 1 ） Hepatic encephalopathy is 

lightened ；（ 2 ） Alimentary symptoms are 

significantly improved；（3）PTA is stabilized at 

above 30%；（ 4）The serum bilirubin level is 

decreased； 

1.3.2 Long-term Efficacy  Long-term efficacy is 

evaluated by the survival rate, namely the survival 

rates of 12, 24 and 48 weeks after treatment. 

2 Operation and Principles of Non-bioartificial 

Liver Treatment  

Lee Non-bioartificial Liver (Li-NBAL) can perform 

different combination treatment depending on the 

patient’s conditions with application of different 

classic methods. Li-NBAL developed a few classical 
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methods, such as Plasma Exchange (PE)/Fractional 

Plasma Exchange (FPE), Plasma Perfusion or 

Hemoperfusion (PP/HP)/Specific Bilirubin 

Adsorption, Hemofiltration (HF), Hemodialysis (HD) 

and so on, and based on these methods a new type of 

Lee Artificial Liver Support System is created with 

systematic clinical programs, standardized technical 

operations and integrated treatment modules.  

Furthermore, there are Molecular Absorbent 

Recycling System (MARS), Continue Albumin 

Purification System (CAPS) and Fractional Plasma 

Separation and Adsorption (FPSA) and so on. 

2.1  Lee Non-bioartificial Liver  

2.1.1 Plasma Exchange /Fractional Plasma 

Exchange (PE/FPE)   PE is the most common 

clinical application mode of artificial liver treatment.  

PE is divided into Centrifugal- and Membrane 

Plasma Exchange, and artificial liver is normally for 

the latter.  In the Membrane Plasma Exchange 

System, hollow fiber membrane separation 

technique with a large pore diameter of φ = 0. 30 μm 

is applied to filter the blood plasma components 

containing toxins (mainly protein-bound toxins) off 

the membrane and then discard them, and in the 

meanwhile the same amount of fresh plasma or fresh 

frozen plasma (FFP)together with the retained blood 

cell components in the membrane are transported 

back to the body. Liver failure toxins and certain 

virulence factors (such as virus, protein-bound drugs 

or toxicants etc.) can be removed and in the 

meanwhile essential substances such as blood 

coagulation factors which are short in the liver 

failure will be supplemented to targeted correct 

metabolic disorders caused by the liver failure. The 

shortcoming of PE is its unability to effectively 

remove small and middle molecule water-soluble 

solutes. 

In the FPE, plasma separator with protein screening 

factor of 0.87 is applied to remove the protein-bound 

toxins, and in the meanwhile retain the blood 

coagulation factors and hepatocyte growth factors 

with higher relative molecular weight which can 

reduce albumin loss. Under the condition of no 

effect on the removing of albumin-bound toxins 

such as bilirubin-bound toxins, 20% of plasma 

amount of each treatment can be saved. 

2.1.2 Plasma Perfusion or Hemoperfusion 

(PP/HP)/Specific Bilirubin Adsorption   In the HP 

or PP, a perfusion apparatus (Adsorption column) 

filled with adsorbent is applied, and blood or plasma 

will flow through the adsorbent to remove toxins or 

pathological products related to the liver failure 

using the adsorption properties of activated carbon 

and resin etc.. There is no regulating effect on the 

water-electrolyte balance and acid-base balance.  

Specific bilirubin adsorption is indeed also kind of 

PP. The applied perfusion apparatus has specific 

adsorption for bilirubin and there is little adsorption 

for bile acids, but there is no or very little adsorption 

for other metabolic toxins. 

（1） HP: In the HP, aromatic amino acids, short 

chain fatty acids, γ-aminobutyric acid and (Na
+
 /K

 

+
)-ATP enzyme inhibitor which could cause hepatic 

coma can be removed. In the 1970s to 1980s, HP 

coated activated carbon adsorption was applied for 

the treatment of hepatic coma in the Fulminant 

Hepatic Failure (FHF) and there was certain effect 

on the hepatic encephalopathy in the HI or lower 

phase, but there was adsorption for the activatable 

platelets and this resulted in side effects such as low 

blood pressure and decrease of platelets etc., and 

even though prostacyclin (PGI) was used, 

anticoagulation could not be completely avoided.  

Currently it is not recommended any more to be 

applied in the liver failure treatment. 

（2） PP: in the PP, plasma separation 

techniques is applied to firstly filter out the plasma, 

and then plasma will flow through the perfusion 
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apparatus.  There is no contact between blood cell 

components and adsorbent, and thus the side effects 

of HP on the blood cells are avoided, but there is 

still certain loss of albumin and blood coagulation 

factors in the plasma.  Currently there are two types 

of adsorption, namely Neutral Resin Plasma 

Adsorption and Anion exchange Resin Plasma 

Adsorption.  

①Neutral Resin Plasma Adsorption：neutral resin 

can adsorb substances with relative molecular 

weight of 500 to 30.000. In addition to the 

adsorption for substances which could cause hepatic 

encephalopathy, there is also strong adsorption for 

the inflammatory mediators such as endotoxins and 

cell factors and so on, and neutral resin can also 

adsorb partial bilirubin. 

②Anion exchange Resin Bilirubin Adsorption: in 

the Anion exchange Resin Bilirubin Adsorption, a 

perfusion apparatus which has specific adsorption 

for bilirubin is applied, and bilirubin and little 

amount of bile acids are adsorbed, but there is no 

effect on or very little adsorption for other toxins.  

Only for use in the PP treatment. 

③Double Plasma Molecular Absorbing System, 

DPMAS：on the basis of plasma bilirubin adsorption 

treatment, a broad spectrum adsorbent is 

additionally used for the adsorption of middle 

molecule and macromolecule toxins. Thus DPMAS 

can not only adsorb bilirubin, but also remove 

inflammatory mediators and there is no loss of 

plasma, and make up the shortcoming of specific 

bilirubin adsorption. It is noted that there are side 

effects of albumin loss and prolonged PT. 

2.1.3  Hemofiltration（HF）  In the 

Hemofiltration（HF）, membrane with large pore 

diameter is applied, and by means of the pressure 

difference as transverse membrane pressure between 

both sides of the membrane toxins in the blood 

together with water are removed in a convection way, 

and this is more similar to the glomerular filtration 

function in the human kidneys.  This is mainly 

aimed to remove middle molecule substances and 

part of macromolecule substances, including 

endotoxins, cell factors, inflammatory mediators and 

some other substances which could cause hepatic 

coma. Correct water-electrolyte disorder and 

acid-base disorder which are common in the liver 

failure.  It is applicable for all kinds of liver failure 

associated with acute kidney injury, including 

hepatorenal syndrome, hepatic encephalopathy, 

water-electrolyte disorder and acid-base disorder and 

so on. 

2.1.4 Hemodialysis（HD） In the 

Hemodialysis（HD）, hollow fiber membrane with 

small pore diameter (φ <0.01 μm) is applied, and 

small molecule solutes can diffuse in accordance 

with the concentration gradient in both sides of 

membrane, and water-soluble solutes with relative 

molecular weight of less than 15.000 can be 

deposited from the blood and water- electrolyte 

disorder and acid-base disorder are corrected. In the 

1950s to 1970s, HD was used for the hepatic coma 

treatment and it could decrease the blood ammonia 

level and let some patients wake up, but it could not 

increase the ultimately survival rate of liver failure 

patients.  Intermittent hemodialysis (IHD) is a 

classic renal replacement therapy, but it could lead to 

patient death during the dialysis due to severe side 

effects such as bleeding, low blood pressure and 

osmotic disequilibrium syndrome and so on.  When 

patients with hepatorenal syndrome are required of 

dialysis support, continuous hemodialysis is 

recommended rather than intermittent hemodialysis. 

Currently this method is not used alone and it is 

applicable for all kinds of liver failure associated 

with acute kidney injury, including hepatorenal 

syndrome, hepatic encephalopathy, water-electrolyte 
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disorder and acid-base disorder and so on. 

2.1.5 Plasma Diafiltration (PDF） PDF is an 

integrated treatment method with plasma exchange, 

dialysis and filtration techniques. It can remove 

substances which are slowly moving into the blood 

vessels , small and middle molecule solutes, 

including bilirubin and creatinine and so on, and 

maintain water-electrolyte balance and 

hemodynamic stability, and can set up the 

dehydrated level and control the water content in the 

body.  Because the pore diameter in the filter is 

bigger than that in the hemodiafilter, there will be 

plasma loss during the diafiltration, and the lost 

plasma must be supplemented with fresh frozen 

plasma and this is one of most common methods. 

2.1.6 Plasma exchange with hemofiltration   

Plasma exchange is mainly aimed to remove 

albumin-bound macromolecule substances and 

toxins in the blood plasma, and in the meanwhile 

supplement bioactive substances such as albumin 

and blood coagulation factors and so on.  It has 

little regulating effect on the internal environment 

disorders such as water-electrolyte disorder and 

acid-base disorder, and the scavenging capacity on 

middle molecule substances is also lower than that 

of hemofiltration.  There are three methods: namely 

parallel treatment (treatment with two machines 

respectively), series treatment (one machine + 

two-pipe pump), sequential therapy (one machine, at 

first PE and then HDF). They can not only remove 

macromolecule substances, but also remove middle 

molecule substances and also regulate 

water-electrolyte balance and acid-base balance, and 

they can be applied for liver failure and acute kidney 

injury, including hepatorenal syndrome and hepatic 

encephalopathy. 

2.1.7 Coupled plasma exchange filtration 

adsorption, CPEFA  It consist of four functional 

units, including organic coupling plasma separation, 

selective plasma exchange, adsorption and filtration.  

It is firstly the low-volume plasma exchange and 

then following the plasma bilirubin adsorption with 

parallel plasma filtration. Certain blood coagulation 

factors can be supplemented and coagulation 

dysfunction can be corrected. By means of plasma 

adsorption of the discarded plasma occurred in the 

exchange process and hemofiltration manifold 

cycles, the plasma purification efficiency is 

significantly improved and small and middle 

molecule toxins can be removed, and the excess 

inflammatory mediators in the cycles can also be 

removed to recovery the body's normal immune 

function, and in the meanwhile water-electrolyte 

disorder and acid-base disorder can be corrected.  It 

is applicable for liver failure and acute kidney injury, 

including hepatorenal syndrome, systemic 

inflammatory response syndrome (SIRS), 

water-electrolyte disorder and acid-base disorder and 

other severe disease.  

2.2 Other Non-bioartificial Liver 

2.2.1 Molecular Adsorbent Recirculating 

System（MARS）  Currently it is mainly used 

in the European and American countries and there is 

just little applications in China.   After blood is 

pumped out of the body, pass through an 

albumin-coated high flux filtration device. The 

protein-rich dialysate and the blood form a counter 

flow in the filtration device and harmful blood 

metabolites are transferred into the dialysate, and 

following the dialysate pass through an adsorption 

column filled with activated carbon or ion exchange 

resin in which harmful metabolites is removed, and 

after that the dialysate is recirculated to the filtration 

device and exchanged again with the blood.  This 

system can effectively remove protein-bound toxins 

and water-soluble toxins, and correct 

water-electrolyte disorder and acid-base disorder. 

2.2.2 Continuous Albumin Purification System
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（CAPS） It is based on the principles of MARS 

and herein a high-flux polysulfone membrane 

hemofilter is used in place of the main dialyzer in 

the MARS. In the albumin dialysate recirculation 

loop, hemoperfusion apparatus is used as adsorption 

medium for the albumin purification which can both 

effectively reduce the cost of treatment and remove 

albumin-bound toxins and can correct the 

water-electrolyte disorder and acid-base disorder. 

2.2.3 Fractional Plasma Separation and 

Adsorption（FPSA）  It is based on a FPSA and 

a liver detoxification system in vitro of high flux 

hemodialysis. This system can not only very 

effectively remove albumin-bound toxins by direct 

adsorption, but also efficiently remove water-soluble 

toxins in the separate high flux hemodialysis phase. 

Prometheus system is better than the MARS with 

respect to the removing of bile acids, bilirubin, 

ammonia, creatinine and inflammatory factors, but 

in the Prometheus system no hemodynamics 

improvement is observed while a hemodynamics 

improvement is noticed in the MARS. 

Furthermore, there are Single-Pass Albumin Dialysis 

(SPAD), Biological Dialysis Treatment 

(Biologic-DT) and Biological Dialysis Treatment 

Plasma Filtration (Biologic-DTPF) and so on.  

2.3 Frequency of non-bioartificial liver treatment 

and the selection of treatment parameters   

Operation Standardization of the non-bioartificial 

liver treatment must be considered, and according to 

the patient's condition the treatment frequency and 

treatment numbers are determined. In the first and 

the second week the treatment should be 2 to 5 times 

a week, after that 1 to 2 times per week, and in 

average 3 to 5 times each patient . 

Notes for individual operation： 

（1） Deep vein catheterization: select 

femoral vein or jugular vein catheterization with 

single probe dual-lumen catheter to build blood flow 

path; 

（2） Plasma exchange parameters control: 

blood flow velocity must be controlled within 

80-120 mL / min; according to the hematocrit, 

plasma separation velocity must be controlled within 

20% to 25% of the blood flow velocity.  Transverse 

Membrane Pressure(TMP)≤50 mmHg（1 mmHg=0. 

133 kPa），adsorber inlet pressure（secondary film 

pressure）≤150 mmHg。 

2.4 Catheterization Methods and Anticoagulation 

Methods in the Non-bioartificial Liver Treatment 

 In order to meet the non-bioartificial liver 

treatment requirements, catheterization location can 

be at femoral vein, subclavian vein or internal 

jugular vein. The advantage of subclavian vein 

catheterization is the low incidence of 

catheter-related bloodstream infection (CRBI). The 

disadvantages are: susceptible to be compressed by 

the clavicle leading to luminal stenosis, and thus the 

risk of thrombosis is higher than that of other 

catheterization locations;  the effect of compression 

hemostasis method is poor and bleeding 

complications are occurred often. There are no 

above mentioned disadvantages with internal jugular 

vein catheter and there is little activity restrictions 

for patients, but the incidence of catheter-related 

bloodstream infection (CRBI) is relative high. 。The 

advantages of femoral vein catheterization are: good 

effect of compression hemostasis method, low 

incidence of hematoma, and the incidence of CRBI 

is not higher than that of internal jugular vein 

catheterization, convenient puncture and low 

technical requirements. 

According to the individualization principle, usually 

there are three heparin application programs, namely 

conventional application program, limit dose heparin 

application program and local heparin application 
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program (heparinization in vitro).  Patients who 

require a non-bioartificial liver treatment, have 

usually poor coagulation function and for such 

patients is the limit dose heparin application 

program applicable.  Local heparinization is 

commonly applicable for patients who have high 

risk of bleeding. It has been confirmed by recent 

studies that low molecular weight heparin has equal 

efficacy compared to unfractionated heparin, but 

side effects are clearly reduced with low molecular 

weight heparin.  Depending on the related testing 

indexes of clinical symptoms, physical sign and 

coagulation function, heparin treatment dosage can 

be adjusted for individual patient. 

2.5 Artificial Liver Treatment Nursing Care In the 

whole treatment process, providing safe and 

effective professional nursing care is very important. 

2.5.1 Nursing Care before Artificial Liver 

Treatment 

2.5.1.1 Psychological Care  Effective 

psychological care can eliminate or lighten patient’s 

stress, worries and other negative emotions, and can 

improve the patient's subjective initiative and the 

interaction between medical staff and patients.  

Psychological care and information and education 

about related knowledge should be throughout the 

entire treatment process. 

2.5.1.2 Inspection and Assessment Guidance   

(1) Inspect patient's basic information, medical 

history, allergy history and made individualized 

treatment mode; (2) Assess severity, including 

complaints, symptoms and signs, laboratory tests, 

risk assessment of falling out of bed, Activity of 

Daily Living (ADL) assessment, puncture location 

assessment, psychological state assessment; (3) Diet 

guidance;(4)Training and guidance about how to 

defecate and urinate in bed. 

2.5.1.3 Preparation before Treatment  

Disinfection of treatment room environment and 

instruments, and preparation of treatment drugs and 

items (including emergency items).  

2.5.2 Nursing care in the Operation Process of 

Artificial Liver Treatment 

2.5.2.1 Preparation and Requirements of Medical 

Staff themselves   When medical staff get into the 

treatment room, they must wear their working 

clothes and select protective isolation equipment 

depending on the actual situation.  During the 

treatment operation, take it seriously about aseptic 

manipulation to avoid cross-infection. 

2.5.2.2 Cardiopulmonary Bypass Circuit Loop 

Preparation According to the treatment mode, 

select treatment instruments and medical 

consumables，and install and flush them correctly. It 

must be ensured that after flushing there is no air in 

the cardiopulmonary bypass circuit loop and the 

loop is heparinized. 

2.5.2.3 Artificial Liver Operation Process  The 

main processes are: (1) Inspect and assess related 

items again before going at the machine; (2) 

Electrocardiogram (ECG) monitoring, Blood sugar 

monitoring, and open up at least one Peripheral 

Venous Access, and uptake oxygen on demand; (3) 

Carry out routine disinfection and flushing with the 

artificial liver indwelling catheter to ensure the 

vascular access patency; (4) According to the 

treatment mode requirements, set up all related 

parameters and establish the cardiopulmonary 

bypass circuit, observe the circuit carefully to ensure 

the normal operation of cardiopulmonary bypass 

circuit; (5) Observe patient’s physical sign carefully 

and treat occurred complications, and timely 

reporting and treatment; (6) Strictly execute the 

three times of inspection and seven times of 

verification, especially for the blood products 

transfusion; (7) After the treatment, according to the 

hospital infection requirements, treat the disposable 
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medical consumables and sewage, and clean and  

disinfect the treatment room and used treatment 

instruments; (8) Timely complete the nursing 

records of the artificial liver treatment. 

2.5.3 Patient’s Monitoring and Nursing care 

after  Non-bioartificial Liver Treatment  

（1）Observation and treatment of delayed-type 

complications. （2）Diet guidance. （3）Activity 

guidance。 （4）Maintenance of indwelling vascular 

access and complications prevention, including 

effective cooperative localization of indwelling 

vascular access. （5）Nursing care after extubation. 

2.6 Complications Prevention of Non-bioartificial 

Liver Treatment  

2.6.1 Bleeding  Most patients who undertake a 

non-bioartificial liver treatment, have coagulation 

dysfunction and the treatment is normally coupled 

with additional anticoagulant during the treatment 

process, and thus with some patients some 

complications such as bleeding at the indwelling 

catheter area, gastrointestinal bleeding, 

mucocutaneous bleeding and intracranial 

hemorrhage and so on could occur.  

2.6.1.1 Bleeding at the indwelling catheter area 

  Clinical manifestations: bleeding at the 

indwelling catheter area, subcutaneous hemorrhage 

or hematoma, and in severe cases it could lead to 

death.  The causes could be: blood vessels were 

damaged at the catheter indwelling, or indwelling 

catheter broken off, or indwelling catheter falling off 

on their own and so on.  Once a bleeding at the 

indwelling catheter area is found, compression 

hemostasis must be immediately carried out and 

bandaged. For patients who suffer from a severe 

bleeding and it has already an effect on the 

circulation, blood volume expansion and hemostasis 

treatment must be done, and remove the venous 

catheter, if necessary. 

2.6.1.2 Gastrointestinal Bleeding   Clinical 

manifestations: haematemesis, bloody stools, 

melaena and ochrodermia.  For patients who suffer 

from a severe gastrointestinal bleeding, symptoms 

such as agitated feeling, clammy skin, weak and fast 

pulse and blood pressure decrease can occur rapidly.  

For patients who have tendency of bleeding, an acid 

inhibitor treatment can be carried out. For patients 

who have high tendency of bleeding, minimal or no 

heparin should be used during the treatment, or 

heparinization in vitro. Once gastrointestinal 

bleeding is occurred, estimate the bleeding amount 

properly, and then blood volume expansion, acid 

inhibitor treatment or hemostasis treatment must be 

timely carried out.  If there is a gastrointestinal 

bleeding occurred during the artificial liver 

treatment, stop the treatment immediately and blood 

in the circuit loop must be as soon as possible 

re-transfused, and appropriate medical hemostasis 

measures must be followed. 

2.6.1.3 Bleeding at other locations  Clinical 

manifestations: epistaxis, skin petechiae and skin 

ecchymosis and so on. Intracranial hemorrhage is 

the most serious bleeding complication and it can 

lead to cerebral herniation and death, and herein an 

emergency treatment must be done with an 

assistance of neurology. 

2.6.2 Coagulation   For patients who 

undertake an artificial liver treatment, a coagulation 

complication could occur, and it is manifested as the 

plasma separator coagulation, perfusion apparatus 

coagulation, cardiopulmonary bypass circuit loop 

coagulation and intravenous indwelling catheter 

coagulation and so on. 

2.6.2.1 Plasma Separator Coagulation and 

Perfusion Apparatus Coagulation   It is manifested 

as a sharp rise of Transverse Membrane Pressure 

(TMP) and it leads to a mechanical damage of blood 

cells, and therefore the blood cells are significantly 
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decreased after the non-bioartificial liver treatment, 

and especially the platelets are decreased the most. 

If the TMP value is out of the Alarm Value, the 

artificial liver treatment must be stopped.   The 

plasma separator and perfusion apparatus should be 

timely flushed with isotonic sodium chloride 

solution and increase the heparin dose, and replace 

the plasma separator, perfusion apparatus, if 

necessary. 

2.6.2.2 Intravenous Indwelling Catheter 

Coagulation   If heparin concentration in the 

sealing solution is not enough or insufficient or 

patients have blood coagulation dysfunction, this 

may lead to an indwelling catheter coagulation. It is 

manifested as an unsmooth blood leading-out in the 

non-bioartificial liver treatment.  Therefore, at the 

indwelling catheter sealing, heparin dose must be 

appropriate used, and venous catheter should be 

re-indwelled, if necessary.  

2.6.2.3 Indwelling Catheter Deep Venous 

Thrombosis  Indwelling Catheter Deep Venous 

Thrombosis is a common complication in the 

non-bioartificial liver treatment. It is mostly found 

with thigh venous catheter and manifested as an 

increased thigh circumference of patients, and 

sometimes with lower limbs swelling and pain. B 

ultrasonic examination must be timely performed 

with lower extremity deep vein to determine if there 

is thrombosis occurred.  If the B ultrasonic 

examination shows that there is little mural 

thrombosis occurred, patients should lie in bed for 

rest and in the meanwhile raise the referred lower 

limb, and a longtime standing and sitting should be 

avoided.  If patient’s leg swelling progressive is 

getting more severe and associated with distending 

pain, or the B ultrasonic examination shows that 

there is an unsmooth blood flow at the indwelling 

catheter area, extubation of the deep vein indwelled 

catheter is recommended. For patients who have risk 

of pulmonary embolism caused by a large thrombus 

shedding, it is recommended to be treated under the 

assistance of vascular surgery before the extubation.  

2.6.3 Hypotension   It can be found in the 

initial phase of non-bioartificial liver treatment and 

in the middle and latter phase of treatment.  Causes 

of hypotension could be: lack of effective circulation 

capacity, allergies, water-electrolyte disorder and 

acid-base imbalance, arrhythmias and abnormal 

release of platelet active substance and so on.  It 

should be prevented and treated during the artificial 

liver treatment. Main measures: (1) for patients who 

suffer from hypoproteinemia, transfuse plasma, 

albumin or other colloidal solution before or during 

the non-bioartificial liver treatment to maintain 

plasma osmotic pressure. For patients who suffer 

from severe anemia, a blood transfusion treatment 

should be carried out before the non-bioartificial 

liver treatment; (2) for patients who have allergy 

history for drugs or plasma, anti-allergy treatment 

should be firstly carried out; (3) correct the 

acid-base imbalance and water-electrolyte disorder; 

(4) arrhythmias treatment; (5) for patients who 

undertake a non-bioartificial liver treatment, observe 

carefully their blood pressure and heart rate changes. 

Once low blood pressure is found or there are clear 

clinical symptoms (pale complexion, sweating) and 

if it is not caused by noncardiogenic reasons, 

isotonic sodium chloride solution should be 

immediately transfused to supplement the blood 

volume, but the supplemented solution volume 

should be appropriate depending on the actual 

situation. For patients who still have low blood 

pressure after the solution transfusion, vasopressors 

should be immediately used. If there is an 

arrhythmia occurred, it should be timely treated. 

2.6.4 Secondary Infection   If there is an 

infection occurred at the intravenous catheter area, 

blood culture and local secretion culture should be 
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performed, and timely remove the catheter.  Before 

the culture results are obtained, using drugs which 

can cover the Gram-positive cocci or according to 

the bacteria epidemic situation of the involved 

medical institution an empirical antimicrobial 

treatment can be carried out. 

2.6.5 Allergic Reactions 

2.6.5.1 Plasma Allergy   Clinical 

manifestations: skin reactions (urticaria), 

gastrointestinal symptoms (nausea, vomiting, 

abdominal pain), respiratory symptoms (dyspnea, 

bronchospasm)and cardiovascular symptoms 

(tachycardia, hypotension) and so on.  It can be 

treated with corresponding antiallergic drugs and for 

severe patients plasma transfusion should be stopped. 

For patients who are found with symptoms such as 

low blood pressure, shock and bronchospasm and so 

on, effective measures must be immediately taken 

for treatment. Rapidly carry out blood volume 

expansion to recover the blood volume, correct the 

artery hypoxia, and intravenous infusion of 

glucocorticoids and epinephrine.  For more 

stubborn bronchospasm, aminophylline should be 

injected, open airway mechanical ventilation if 

necessary  For severe hypotension situation, 

dopamine, epinephrine or norepinephrine can be 

given.  For patients with cardiac and (or) 

respiratory arrest, cardiopulmonary resuscitation 

must be immediately performed. 

2.6.5. 2 Other Allergic Reactions  Heparin, 

protamine, plasma substitutes allergic reactions may 

also cause allergic reactions and their treatment 

measures are the same as those of  plasma allergy 

treatment. 

2.6.6 Disequilibrium Syndrome   is kind of 

syndrome in which neurological and psychiatric 

systems are as the main symptoms and it is occurred 

during or shortly after the non-bioartificial liver 

treatment, and usually it takes a few hours to 24 

hours and then gradually disappear.  In case of mild 

disequilibrium, patients only suffer from headache, 

anxiety or nausea and vomiting. In case of severe 

disequilibrium, patients may suffer from conscious 

disturbance, epileptic seizures, coma and even death. 

Sometimes a differential diagnosis should be carried 

out with respect to hepatic encephalopathy, 

hypertensive encephalopathy and hypoglycemia and 

so on. 

2.6.7 Hypercitratemia   Because plasma 

contains the anticoagulant citrate, hypercitratemia 

may occur with patients during the plasma exchange 

and it is manifested as hypocalcemia, seizure and 

numbness of limbs and so on.  In the plasma 

exchange, calcium supplementation which can be 

done as early as possible, can reduce the incidence 

of seizure and numbness of limbs symptoms. In 

addition, the combination application of plasma 

exchange with hemofiltration and hemodiafiltration, 

etc. can correct hypercitratemia. 

3 Admittance and Management System of 

Non-bioartificial Liver  

The execution of non-bioartificial liver treatment for 

liver failure must be approved by the relevant 

medical administrative unit. Configure suitable 

medical staff and related instruments and set up a 

special person in the non-bioartificial liver treatment 

room and this person is responsible for the whole 

management, including the treatment room 

personnel training, security, hydroelectricity, 

instrument and materials and so on. 

3.1 Prerequisite Conditions for the Execution of 

Non-bioartificial Liver Treatment  

3.1.1 Non-bioartificial Liver Settings  For 

the execution of a non-bioartificial liver treatment, 

an application must be submitted by secondary or 

higher level hospitals and approved by the local 

National Health and Family Planning Commission.  



 ·107· 

The hospital in which the non-bioartificial liver 

treatment will be executed, must be set up with 

corresponding hardware facilities such as artificial 

liver treatment room, intensive care units (ICU), 

sewage treatment system and so on. 

3.1.2 Staffing At least one associate chief 

physician or higher level physician and one full-time 

nurse must be set up.  The whole staffing (referring 

ratio of physicians and treatment couches, ratio of 

nurses and treatment couches) refers to that of the 

intensive care unit.  Medical staff must be firstly 

trained in a designated by the State and qualified 

artificial liver qualification training center and then 

they are allowed to participate the artificial liver 

treatment. 

3.1.3 Instrument Setting  Except the basic 

instruments in the artificial liver treatment room, the 

following instruments must be also configured: (1) 

Blood purification treatment instrument; (2) 

Electrocardiogram (ECG) monitor; (3) Emergency 

equipment. 

3.2 Use and Maintenance of Instruments   Main 

measures: (1) Inspect instruments and meters, 

switches and power supply carefully before starting 

the instrument; (2) Careful operation, no fierce 

pressing on the buttons and switches etc.; (3) If there 

is any abnormal phenomenon with instrument during 

the operation process, timely troubleshooting to 

ensure the patient’s safety; (4) Clean the instrument 

housing (including the front measuring board and 

the side holding sheets) with a wet and soft cloth 

after each using, and sterilize instruments according 

to the hospital requirements of infection prevention 

and control; (5) Calibrate instruments periodically to 

ensure that instruments are in a standard state; (6) 

Inspect fragile parts of instruments every six months, 

and timely replace them when they are not in the 

standard state anymore. 

3.3 Management System of Medical Consumables 

for Non-bioartificial Liver Treatment   Mainly 

includes: (1) Plasma separator, hemoperfusion 

apparatus, hemofiltration, plasma adsorber and loop 

line etc. should be just for a single use and relevant 

certificates must be properly kept and registered; (2) 

All consumables should be used within the period of 

validity in accordance with the requirements of 

Instruction Manual. 

3.4  Disinfection and isolation system  mainly 

includes: (1) It should be ensured that the artificial 

liver treatment room is with good ventilation to 

avoid cross-infection; (2) Staff must change shoes or 

wear shoe covers or wear working clothes before 

they get into the treatment room; (3) Take it 

seriously about the disinfection and isolation 

technology, and especially for the patients who are 

coupled with specific infection, isolative precaution 

should be followed according to the characteristics 

and spreading route of the pathogen; (4) Patients 

must wear patient clothing into the treatment room; 

(5) The treatment room must be cleaned and 

disinfected before and after use. 

3.5 Training System of Medical Staff for the 

Artificial Liver Treatment Mainly includes: (1) 

Medical staff must firstly obtain a qualification 

certificate for the artificial liver treatment after 

professional training and then they are allowed to 

participate the treatment; (2) Regularly carry out 

professional studies and organize academic 

discussions to get to know about the latest national 

and international research progress; (3) Artificial 

Liver Training Center should periodically organize 

popularization and application courses of the 

artificial liver technology. 

3.6  Management System of Artificial Liver 

Treatment Mainly includes: (1) Artificial liver 

treatment is a special treatment and relevant 

specifications and rules must be strictly performed; 

(2) A special treatment room with reasonable layout 
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should be available; (3) Establish appropriate  

working systems and operation standards; (4) Staff 

who participate in the artificial liver treatment must 

be familiar with the relevant technology; (5) Strictly 

carry out the disinfection and isolation system and 

using system of blood products; (6) All patients who 

undertake an artificial liver treatment must sign the 

informed consent form before treatment; (7) 

Treatment records and related data must be timely 

filed and properly preserved, and a follow-up 

observation is recommended for recovered patients. 
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