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Anatomy & Physiology
Hepar (Greek)

 Second largest organ, weighting ~ 1.5 kg, can regenerate up to 75% of it’s mass.
 Vital organ with a wide range of functions, including detoxification, protein synthesis and the
production of bile, which is necessary for digestion.
 Liver is the largest gland in the body (secretion of hormones into the blood), serves as a
sugar (glucose), vitamins and minerals storage.
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Liver failure
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Traditionally, LF is classified clinically as
• Acute liver failure (ALF)
• Chronic liver failure (CLF)
• Acute-on-chronic liver failure (ACLF)
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Liver failure
• Liver failure is impacting the life of tens of millions of people worldwide
• 10% of patients admitted to the Hospital with acute on chronic Liver Failure (ACLF) need
critical care
• The incidence of liver failure postcardiac surgery is 4%
• Post hepatectomy liver failure (PHLF) is reported in up to 8% of the patients undergoing
liver resections
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When liver fails……..… 2 main consequences
A vicious cycle of auto-intoxication

Cytokine Storm (systemic hyperinflammation)

The clinical syndrome comprises haemodynamic instability, disturbed acid–base homeostasis, and multi-organ failure
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Liver failure as a consequence of sepsis/hyperinflammation
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Anxiety, delirium, impaired BBB

Hypoxia, ARDS
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Reduced blood pressure, capillary leak, cardiomyopathy
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Gastro-intestinal

Reduced motility and absorption, liver failure
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Renal

Tubular and parenchymal damage, AKI
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: 2015_Zsolt Becze_Can PCT levels indicate the need for adjunctive therapy in sepsis_Int J Antimicrob Agents
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CytoSorb in liver failure –
removal of metabolates

Autointoxication
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Immune Dysfunction

CytoSorb in liver failure – attenuation
of hyperinflammation
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Is elevated bilirubin toxic ?
 Not fully sorted, but quite many rather think it is not toxic
 But definitely a surrogate marker for degree of liver failure

 Elevated bile acids => itching (pruritus)

 Elevated levels of ammonia (NH3) => hepatic encephalopathy
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CytoSorb in liver failure

- what to expect
- whay to use

• With deficiency of excretory liver function accumulation of liver toxins (bilirubin, bile
acids, ammonia) in the blood with subsequent secondary organ dysfunctions
• Clinical consequences/problems : hepatic encephalopathy, hepatorenal syndrome/AKI,
cardiocirculatory/immune dysfunction, induction of systemic hyperinflammation (cytokine
release)
• Secondary organ dysfunctions lead to further liver damage/insufficiency/toxin rise
(“vicious cycle of autointoxication”)
• CytoSorb as liver organ support removes several “liver toxins” (bilirubin is only surrogate
parameter) and also modulates the pre-existing/induced hyperinflammation
• A broad spectrum of mediators (incl. DAMPS and PAMPS) will efficiently be reduced, while
maintaining the physiologic immune response
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• Easy and safe to use
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What does the literature say?
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First article measuring pre and post adsorber

 This is the first published article that reports on the removal of ammonia and bile
acids by CytoSorb, showing direct elimination of the substances by pre- and postadsorber measurements
 Bilirubin was also proven to be effectively eliminated by CytoSorb.
 The authors reported not only a reduction in plasma levels, but also a significant
improvement in the hepatic encephalopathy with the CytoSorb therapy
 Whereas the toxic effects of high levels of bilirubin are still up for discussion the
negative consequences of elevated levels of ammonia related to the development
of hepatic encephalopathy and the considerable toxicity of bile acids in the blood
is generally accepted!
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CytoSorb and bilirubin (Faenza)

Conclusion:

CytoSorb® seems a promising artificial liver support, thanks to its ability to adsorb bilirubin and its
proven ability to modulate the cytokines involved in hepatic dysfunction.
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CytoSorb as liver support (Büttner)

Conclusions :
 CytoSorb worked well and effectively as liver support
 Efficient removal of liver toxins
 Hepatic encephalopathy improved significantly
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In-vivo CytoSorb vs others!

 Cytosorb is clearly easier to use
 Shorter training of physicians and nurses
 It can be used with any type of CRRT
2019

 Subtraction efficacy for the duration of the treatment
 Clear superiority in removal
 No release of adsorbed molecules even after 24 hours
 No significant loss of albumin
 Removal of albumin-bound molecules (indirect bilirubin)

Riva S et al., I° Workshop ‘Purification Therapies
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CytoSorb vs MARS

 Using the CytoSorb hemoperfusion device lead to a statistically significant reduction of total bilirubin and subfractions compared to albumin dialysis using
MARS
 MARS demonstrated no removal of cytokines IL-6 and TNF-α, whereas CytoSorb allowed for a near complete removal after 6 h of treatment (4% remaining
IL-6; 8% remaining TNF-α)
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CytoSorb in MOF - Calabro/Pappalardo

o Retrospective case series study
o 40 patients treated with CytoSorb
o Devices: ECMO, intra-aortic pump, Impella, ventricular assist device
o Integration either in ECMO circuit (19) or in hemoperfusion mode (21)
 Bilirubin, lactate, CPK, LDH decreased significantly
 ICU mortality was 52.5% compared to expected ICU mortality of 80%
 Rapid stabilization of hemodynamics and decreasing vasopressor
requirements
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• In conclusion, we observed that the use of CytoSorb® was associated with an improvement in liver functional tests
(bilirubin, ammonia) and a decrease in C-reactive protein and creatinine
• A higher survival was observed in patients in whom a decrease in SOFA
18 score and this may be guide therapeutic success
• The use of CytoSorb® can be considered as a therapeutic option for the management of liver impairment in patients with
ALF, in accordance with previous published cases
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• Significant decreases of AST (92 kDa), ALT (110 kDa), and GGT (64 kDa), observed during CytoSorb treatment might reflect an
improvement of liver function, as direct adsorption is unlikely due to molecular size
• The authors note that in addition to the lower than expected mortality (92% v 82.2%), there was also a significant reduction in
norepinephrine demand with the use of CytoSorb, resulting in hemodynamic stabilization
• The significant reduction in SAPS II during CytoSorb is another indicator of an improvement in the patient’s outcome
• The authors conclude liver support systems play an important role in the supportive therapy of patients with ALD
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What is experience in our Centre
Department of Gastroenterology and Hepatology
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CytoSorbTM hemoperfusion efficiency in treating patient with cholestasis due to Autoimmune Hepatitis
combined with T-LGL lymphoma, complicated by SARSCoV2 infection - case report
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CASE PRESENTATION

BACKGROUND:
High bilirubin levels over a prolonged period of time can
lead to permanent organ damage, so any effort should be
done to resolve it, weather by treating underlying cause or
with auxiliary methods while waiting for liver to regain its
excretory function. Rapidly spreading disease of COVID-19
has caused a pandemic worldwide with signiﬁcant morbidity
and mortality, and liver damage is just one of possible
presentation. When COVID disease is combined or
simultaneous with some other underlying liver disease,
treatment of both conditions is additionally complicated.

In favor of Autoimmune Hepatitis:
- no signs of viral
hepatitis
- Pathohistological
finding of liver biopsy
specimen consistent
with hepatitis
- IgG level 22,45 g/L
Table 1. Autoimmune antibodies profile at the admission

In favor of T-LGL:
- Bone marrow imunofenotipisation:
90% of lymphocites are T – cells, CD4/CD8 =0,2
30% of T cells have T-LGL fenotipe ( CD3+, CD4-, CD5+, CD7+CD8+
CD57+ TCRab+)

We present a case of a 59 years old female patient with cholestatic liver injury presumably due to acute
autoimmune hepatitis, complicated with COVID-19 infection, treated successfully with the CytoSorbTM ﬁlter, and
finally diagnosed wit T-LGL lymphoma.
Initial workup, including liver biopsy, suggested autoimmune hepatitis. Since she recently used amoxicillinclavulanic acid we opted for a theory of autoimmune hepatitis combined with, or even triggered by drug toxicity.
In spite of corticosteroid treatment bilirubin and bile acid levels continued to rise so we decided to use
hemoperfusion with CytoSorbTM .I n total, 4 procedures of hemoperfusion with CytoSorbTM were done and
bilirubin and bile acid levels reduction achieved.
On the 45th day of hospitalisation SARSCoV2 positive PCR test was obtained, performed due to contact with
positive person.
The bilirubin levels went high again, as well as inflammatory markers . Additional two
CytoSorbTM hemoperfusions were done, with bilirubin and inflammatory markers reduction not normalisation.
Patient stayed PCR SARSCov2positive for more than 30 but did not develop any respiratory or other symptoms
related to infection.
Finally, the diagnosis of T-LGL lymphoma was established by bone biopsy, and repeated liver biopsy while
diagnosis of autoimmune hepatitis could not be abandoned. Treatment with cyclosporine was added to the
budesonide, which achieved complete normalisation of liver enzymes as well as bilirubin.

CONCLUSIONS

Patients with cholestatic liver lesion and high bilirubin values could be effectively treated with CytoSorbTM
filter. In a setting with an additional SARSCov2 infection, CytoSorbTM therapy could be used to prevent the
development of cytokine storm.

B

A

Picture 1. Appearance of the filter before (A) after 8 hour of hemoperfusion (B)
( bilirubin levels at the start of the hemoperfusion were 589 mcmol/L and at the end 271 mcmol/L
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Case 1: K.V. ♀, 59
• anamnesis of amoxicillin – clavulanic acid treatment
30 days prior to admission
• pruritus and icterus appeared 14 days prior to
admission

Autoimmune antibodies profile at the admission

• Liver biopsy in favour of AIH
• Virology – negative

• Dg: AIH (possibly induced by toxic lesion)
Laboratory
findings at the admission
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In spite of corticosteroid treatment !
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42nd day of hospitalisation – Earthquake in Zagreb- ward evacuated !
45th day of hospitalisation – SARS CoV2 PCR positive!
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Remained asymptomatic, but positive for more than three weeks!
Second liver biopsy done – resolved inflammation – suspicion of lymphoprolipherative disease
- bone marrow biopsy done

•In favour of T-LGL:
Bone marrow imunophenotipisation:
• 90% of lymphocytes are T – cells, CD4/CD8 =0,2
• 30% of T cells have T-LGL phenotype ( CD3+, CD4-, CD5+, CD7+CD8+ CD57+
TCRab+)

CONCLUSIONS
Patients with cholestatic liver lesion and high bilirubin values could be effectively treated with
CytoSorbTM filter.
In a setting with an additional SARSCov2 infection, CytoSorbTM therapy could be used to
prevent the development of cytokine storm.
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Case 2: B.D., ♂,. 58
1st hospitalisation in 2017th
- Diagnosed with liver lesion due to steatosis combined with alcohol (toxic) injury
- biopsy consistent with NASH combined with toxic lesion, Mallory hyaline positive
- Gilbert syndrome
- Abstinent for more than a year, till pandemic started
- Did not get vaccinated, did not get infected
- Started alcohol consummation again
2nd hospitalisation on 8th March 2022nd
- highly jaundiced with no other significant symptom!
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LABORATORY PARAMETER

At the admission

AFTER corticosteroids treatment attempt

AFTER HEMOPERFUSION
1st/2nd 72h later
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Erythrocytes (x1012/L)

3.07

3.92

2.20/2.12

Haemoglobin (g/L)

113

144

83/79

Leukocytes (x109/L)

10.7

39.2

13.1/10.7

Thrombocytes (x109/L)

125

202

63/120

PV-INR

0.41

0.47

0.43/0.40

Fibrinogen (g/L)

2.2

1.6

ND

Bilirubin Total (umol/L)

444

541

396/204

Bilirubin conjugated (umol/L)

347

350

228/133

Aspartate-aminotransferase (U/L)

91

133

63/43

Alanine-aminotransferase (U/L)

27

75

40/16

Alkaline-phosphatase (U/L)

161

155

117/114

Gamma-glutamyl-transferase (U/L)

429

300

120/109

Lactate-dehydrogenase (U/L)

210

ND

ND

Bile acids (umol/L)

ND

ND

ND

Urea (mmol/L)

4.6

5.7

9.8/4.6

Creatinin (umol/L)

85

158

118/133

Potassium (mmol/L)

2,8

4.2

3.6

GFR CKD-EPI (mL/min/1,73m2)

87

45

59

86,4

28.3

58/45

C reactive protein (mg/L)
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Presented for liver transplant
- not eligible for urgent – acute on chronic
- active alcohol consumption prior to hospitalisation !!
Accepted for transplantation and listed
Transplanted on 29th of April with excellent early posttransplant recovery
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Use of CytoSorb in liver failure:
be aware !
• CytoSorb purification is NOT a primary treatment for liver failure itself, but is a
SUPPORT for excretory liver function.
- beneficial effects from the modulation of the systemic hyperinflammation
usually present in liver failure patients

• threshold values of bilirubin for starting and terminating CytoSorb therapy are not fixed
- unlikely that bilirubin can be decreased below 6-8 mg/dl (102-136 mcmol/L)
4

- it is a concentration dependent removal
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Possible indications for the use of CYTOSORB purification

o Bilirubin > 10mg/dl (171 mcmol/L)
o Hepatic encephalopathy
o Intractable pruritus
o ACLF grade 2-3
o Acute liver failure (often LTx within less than 24 hrs. - no place for CytoSorb?)
o Patients when MARS was indicated/considered/used
o Concomitant systemic hyperinflammation
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Thank you very much for your kind
attention!

Ljubljana, 10.05.22

31

