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Abstract: Extracorporeal blood purification therapies are increasingly applied in the field of intensive care medicine. These 

techniques are applied to a relevant number of clinical situations as Sepsis, Trauma, burns, Influenza, surgery, Pancreatitis, 

ARDS, Life support, Liver failure. Compared to filtration-based methods mainly used for renal replacement therapy, newest 

adsorptive approaches have shown to specifically target the inflammatory cascade by the effective removal of relevant mediators. 

In the neonatal and pediatric setting however, the application of these methods brings with it various challenges but also profound 

technical difficulties. Recently, a promising extracorporeal device for cytokine adsorption (Cytosorb) has been introduced, 

however data for its application in critically ill pediatric patients remains sparse [1]. The lack of data and procedure protocols led 

us to take some aprioristic diagnostic and speculative decisions only from a scientific point of view: “in primis” when we decided 

for the first time in a pediatric patient to use this "Cytosorb Absorber", a device not registered and delivered for toddlers; second 

when it was clear that we could extend its use to not conventional disease therapeutic strategies; third when we decided to give to 

“Cytosorb” use the appellation and indication of “rescue treatment”. These results are interesting for the scientific community, 

but further research is needed. 
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1. Introduction 

We describe the use of Cytosorb in combination with 

standard therapy, continuous renal replacement therapy 

(CRRT) and plasmapheresis in 20 severely ill pediatric 

patients with multiple organ failure of various etiologies. 

This is a historical report of our clinical decisions pathway 

and of the changes we made in the applicative utilization of 

Cytosorb during a period of 4 years with particular attention 

to the story of patient cases that we consider as a turning 

point that supported our therapeutic strategy changes (Figure 

1) [1]. 
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1.1. Methodology 

The lack of data and procedure protocols related to this 

new promising extracorporeal device led us to take some 

aprioristic diagnostic and speculative decisions only from a 

scientific point of view. 

Only after a long period of study, we decided for the first 

time in a pediatric patient to use this "Cytosorb Absorber", a 

device not registred or delivered for toddlers. 

Only after we decided to give to “Cytosorb” use the 

appellation and indication of “rescue treatment”, we used this 

device as not conventional disease therapeutic strategies. 

Compared to filtration-based methods mainly used for 

renal replacement therapy, newest adsorptive approaches 

have shown to specifically target the inflammatory cascade 

by the effective removal of relevant mediators. In the 

neonatal and pediatric setting however, the application of 

these methods brings with it various challenges but also 

profound technical difficulties. So our experience was 

defined patient after patient, result after result, data after data. 

1.2. First Case 

The history of our experience in the application of Cytosorb 

in the pediatric field starts from May 2016 up to nowadays and 

was written “patient after patient” along a horizon of different 

applications: a success based on the collaboration between 

different specialists. 

The use of CytoSorb allowed us to obtain a rapid 

improvement of the hemodynamic conditions, the upgrading 

of renal and pulmonary functions, the reduction of 

vasopressors and the resolutive reduction of “cytochine storm” 

in several dramatic condition [1-2]. 

We observed a marked decrease in inflammatory mediators, 

a reduction in catecholamine dosages and an improvement in 

organ functions, which was particularly pronounced in 

patients who survived. An early onset of treatment (at best 

within 24-48 hours after diagnosis of sepsis) seemed to be 

beneficial for eventual survival [1]. These results were not 

“our first aim or intention” when we applied Cytosorb for the 

first time. Everything started by chance in a critical moment: 

in May 2016 a six years patient, 21 kg weight, was having in 

extracorporeal assistance a pediatric cardiac surgery 

procedure, a “Fontan treatment at its third surgical Redou”. 

The patient was having an intractable surgical and medical 

bleeding due to surgical procedural difficulties and 

requirement of massive administration of blood, FFP, platelets, 

coagulation factors. The more the patient was bleeding the 

more the surgeon could not make correct sutures the more we 

administered volume but the patient was dying for bleeding. 

We decided to apply a Cytosorb filter on the field blood 

recovery machine in post reservoir bag position and started to 

give to patient Cytosorb filtered blood. In a few minutes the 

bleeding became normal and the procedure was completed. 

We noted how the postoperative bleeding was very trivial. 

Some order of problems came to our attention: first we had 

used a device not released for pediatric patients weighting less 

than 40 kg without parents permission; second there was no 

ethical committee authorization and this situation convinced 

us that we could not repurpose the use of Cytosorb. Last but 

not least, in the aim to have more data a very accurate 

bibliographic research about the use of Cytosorb in pediatric 

field was done but no article was found. We found in literature 

that the use of Cytosorb in adults surgical bleeding leads: 

1. Limits and does not amplify the Coagulation Cascade 

and the activation of the Complement (Cfr. Figure 1- 

Patient Case Number 9) 

2. Limits elimination and consumption of Fibrinogen: 340 

KD 

3. Limits the elimination and consumption of coagulation 

factors; AT III 

4. Is not relevant in elimination of Albumin 

5. Has poor impact on platelets 

A clinical sperimental research work was proposed to the 

Ethical Committee of our institution, but a long time passed 

without a response. In the meanwhile the Ethical committee 

authorized us in the use of Cytosorb in patients “imminentia 

mortis” 
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Figure 1. Our First Ten Patient characteristics, treatment modalities and patient outcome. 

(Published on Leonardo Milella, Maria Teresa Ficarella, Gerolmina Calabrese, Michele Sisto, Rita Luana Grieco, Paola Moliterni, Pasquale Raimondo, Fabiana 

Cito, Vito Bellino, Antonio Ranieri, Mario Giordano. Application of Hemoadsorption in Neonatal and Pediatric Hyperinflammatory States: A Case Series. 

American Journal of Pediatrics. Vol. 5, No. 2, 2019, pp. 34-42. doi: 10.11648/j.ajp.20190502.1. 

1.3. Second Case: The Treatment of a Secondary 

Hemophacocytic Lynfohistiocytosis Using Cytosorb 

We did not use Cytosorb until July 2016 when a 4-year-old 

patient is hospitalized in severe clinical conditions in our ICU. 

The patient had been recovered in our institution since 25 days 

for fever and hypostenia, increased of white blood cells count 

(WBC), Presepsine levels, (PRS) and Procalcitonine levels 

(PCT). During this period the patient received many 

laboratoristic tests, cultural spread tests, imaging test at 

different anatomical districts CT Scan; Magnetic Resonance 

Scan (MRI), Ecographic with no evidence of infection or 

metabolic or neurological pathology. In the last three days was 

decided to perform a video laparoscopic procedure for 

appendicitis but the patient was abdominal disease free. For 

the worsening of clinical conditions, the patient came to our 

ICU. 

She had: 

1. Sensor in rapid deterioration 

2. Fever (39°C degrees) 

3. Unstable hemodynamics (FC 150 bpm; MAP <50 

mmHg) 

4. Worsening of Respiratory Exchanges and subsequent 

Intubation 

5. Anuria 

6. Altered Laboratory Exams: 35 WBC, PCR and PCT are 

rapidly increasing 

7. Myoglobin value rapidly increasing 

8. Bilirubin total value rapidly increasing 

9. PRS and PCT rapidly increasing 

10. Ascites 

11. Evidence of DIC 

We started a septic shock and sepsis treatment with CRRT 
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and Plasmapheresis. Vasoconstrictive drugs, fluid infusion 

and antibiotics but there was an hitherto non responder clinical 

condition. We decided to apply a Cytosorb treatment 

declaring the “Imminentia Mortis” of the patient and the 

Cytosorb as rescue treatment to parents having the approval to 

the procedure, (Tables 1-2). 

Table 1. Priming was done with blood. 

Tecniques Priming/mls Flow mls/min Duration-Days 

CVVHDF 58 150-350 5 

Plasmapheresys 67 
1500-2000 

mls/h 
5 

Cytosorb 180 90 3 

Table 2. Treatment 

CVVHDF 5 TREATMENTS 

PLASMAPHERESYS 5 TREATMENTS 

CYTOSORB 3 TREATMENTS 

Published on Milella L and Ficarella MT. First application of CVVHDF, 

plasmapheresis and “Cytosorb Absorber” to solve a pediatric 

Haemophagocitic Histyocitosis case. Crimson publisher. December 8, 2017. 

This is a Case Report of Secondary hemofagocytic 

lymfohistiocytos as a consequence of infection (Streptococcus 

Pneumoniae) with a contextual transitory deficit of perforine 

protein that developed an acute syndrome with macrophage 

activation, septic shock and sepsis. There was a clear evidence 

of the usefulness of Cytosorb action in the healing of the 

patient, (Figure 1 - Case 3). This was a turning point case for 

many reasons: gave us the chance to start an off-label use of 

Cytosorb even in patients weighting less than 40 kg. This 

situation permitted us to submit a structured and clinical 

reliable protocol of Cytosorb application at the analysis of 

Ethical Committee that gave us, in the hitherto of taking a 

decision, the permission to use Cytosorb in “Imminentia 

Mortis” cases. This condition convinced us that the operating 

modality and scientific principia of Cytosorb where different 

from other CRRT techniques especially for the rapidity of its 

action; convinced us that a device structured and released for 

adults treatment could be used even in pediatrics with many 

attentions and property of skills by operators. In the 

meanwhile we continue to use Cytosorb in every “Imminentia 

Mortis” clinical condition do to septic shock, sepsis, MOF. 

1.4. Dedicated Lab Test Protocol 

The first step was to structure and define a lab tests protocol 

that could give us a very rapid and short control over 

Cytokines levels during Cytosorb use, (Table 3). 

Table 3. “Specific Cytosorb Lab Tests”. 

ZERO TIME BEFORE CYTOSORB APPLICATION 

Patient anamnestic data; weight; height, body surface; clinical step of Cytosorb application 

Hemoglobine 

Myoglobine 

Free Hemoglobine 

TNFα, Il-6, Il-10; 5 ml of serum centrifugate and stored at -80 degree 

8 HOURS AFTER CYTOSORB APPLICATION AND EVERY 8 HOURS DURING PROCEDURE 

Hemoglobine 

Myoglobine 

Free Hemoglobine 

TNFα, Il-6, Il-10; 5 ml of serum centrifugate and stored at -80 degree 

AT SUSPENSION OF CYTOSORB APPLICATION 

Hemoglobine 

Myoglobine 

Free Hemoglobine 

TNFα, Il-6, Il-10; 5 ml of serum centrifugate and stored at -80 degree 

AT 24 HRS AFTER SUSPENSION OF CYTOSORB APPLICATION 

Hemoglobine 

Myoglobine 

Free Hemoglobine 

TNFα, Il-6, Il-10; 5 ml of serum centrifugate and stored at -80 degree 

 

1.5. Specific Lab Test Result 

The second step was to collect a reasonable number of 

samples; the last step was to ask Fresenius Clinical Medical 

GmBH – Berlin, Germany to do all the tests regarding the 

Cytokine levels (Figures 2 - 3 - 4). From left to right images for 

each parameter display patients receiving 1 (left), 2 (middle) or 

3 (right) Cytosorb treatments, respectively. Values were 

assessed directly prior to treatment (pre), immediately after 

termination of each treatment (after Cytosorb) and 24 hours 

after termination of the last treatment (24 hours after Cytosorb). 

Solid lines indicate ICU survivors, dashed lines represent ICU 

non-survivors. Please note that some data were not available 

from all patients. 
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Figure 2. “Specific Cytosorb Lab Tests results”. 
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Figure 3. Development of catecholamine need during the course of treatment. 

(Published on Leonardo Milella, Maria Teresa Ficarella, Gerolmina Calabrese, Michele Sisto, Rita Luana Grieco, Paola Moliterni, Pasquale Raimondo, Fabiana 

Cito, Vito Bellino, Antonio Ranieri, Mario Giordano. Application of Hemoadsorption in Neonatal and Pediatric Hyperinflammatory States: A Case Series. 

American Journal of Pediatrics. Vol. 5, No. 2, 2019, pp. 34-42. doi: 10.11648/j.ajp.20190502.11). 

 

Figure 4. PRISM III scores during the course of treatment. 

(Published on Leonardo Milella, Maria Teresa Ficarella, Gerolmina Calabrese, Michele Sisto, Rita Luana Grieco, Paola Moliterni, Pasquale Raimondo, Fabiana 

Cito, Vito Bellino, Antonio Ranieri, Mario Giordano. Application of Hemoadsorption in Neonatal and Pediatric Hyperinflammatory States: A Case Series. 

American Journal of Pediatrics. Vol. 5, No. 2, 2019, pp. 34-42. doi: 10.11648/j.ajp.20190502.11). 

1.6. MOF During Neonatal and Pediatric ECMO or 

Cardiopulmonary By-pass for Cardiac Surgery 

A new horizon of application came to us when we decided to 

try to overtake the huge amount on difficulties that Cytosorb 

application could present in very dramatic conditions: 

Terminal MOF during neonatal and pediatric extracorporeal 

mechanical support (ECMO) or neonatal Cardiopulmonary 

by-pass for cardiac surgery. 

There were procedures done again during “Imminentia 

mortis”, but data showed us that Cytosorb use could be 

applied even in neonates in very dramatic clinical conditions 

with good results; 

The application technique was relatively changed because 

of the assisted flow but, during the procedure, we had to 

change the site of Cytosorb position because the increase of 

flow and priming was having an important effect on the 

ECMO or CPB flow. 

There also was interference from the ventilator assistance 

due to the changes in toracopolmonary interaction causing 

alteration of pulmonary V/Q distribution; all these 

interferences did not permit to reach a good peripheral 

perfusion. 
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Figure 5. Neonatal ECMO support with CRRT and Cytosorb. 

 

Figure 6. Neonatal Cardiopulmonary By Pass with CRRT and ECMO. 

We decided to not staple the CRRT and Cytosorb circuit in a 

sequential mode on the ECMO or CPB circuit but to cannulate 

the patient in different sites and treat the blood directly from 

the patient and not the pump blood (Figures 5-6). The pump 

flow was increased of 20%. 

We also decided to give rescue ventilation to patient using 

the less PEEP and the most respiratory ventilation frequency 

able to set up the mean airway pressure in a plateau stable 

interval within 13 and 15 CmH02. 

We gave the patient a basal dosage of catecholamines even 

during assistance. If we consider data showed in our article 

from June 2019 it is very comfortable to see haw valuable was 

the technique. 

We observed: 

1. A very rapid recovery of clinical conditions 

2. Rapid slope of hynothropic drugs 

3. Rapid recovery of hepatic failure 

4. Rapid recovery of renal failure 

5. Rapid recovery of lung desease 

6. Rapid improvement of inflammation levels (cytokines 

drop down) (figures 2-3-4) 

Data in figures 2-3 show that Cytosorb also in this particular 

application was very useful in treating the MOF but even show 

that two neonatal patients died: the first for cerebral death and 

the second for huge aortic valve dysfunction. 

In our opinion this do not represents a limit in Cytosorb 

neonatal use: according with recent literature these two events 

appended after 28 days from the end of the use of Cytosorb 

and did not affected the principles and the scientific and 

clinical use of Cytosorb. 

Another step in our pathway came in the mild 2018; it gives 

us the chance to think about some valuation, error that 

permitted us to start a different Cytosorb application protocol 

and new ideas. 

1.7. The Treatment of Acute Hemorrhagic Encephalitis 

A 5-year-old boy (weight 29 kg) was admitted to a 

peripheral hospital after he had a syncopal episode at school 

along with a short (few days) history of vomiting and 

difficulties in walking, (Figure 1- Case 8). Upon direct 

admission to the ICU, the patient presented with significant 

hyposthenia in his limbs, dysmetria, nystagmus and 

uncoordinated pupillary movement. 

Cerebral CT scan showed areas of diffuse bilateral 

hypodensity in the supra and subtentorial areas with lesions 

most probably of an infectious-inflammatory nature. 

The neurosurgeons excluded the need to intervene 

surgically considering the likelihood of infectious lesions, 

therapy with inotropic and vasodilatative drugs, diuretics, 

corticosteroids, immunoglobulins, IgG, and antibiotics 

(ceftriaxone) were started immediately, blood red cells and 

fresh frozen plasma where also given and a continuous 

infusion of albumin 20% was stared as for protocol at 2 ml/hr. 

Examination of bronchial sample was positive for 

Acinetobacter Haemoliticus, while direct virological testing 

from pharyngeal swabs was positive for Human Herpes Virus 

7 (HHV-7). 

So, a Plasmapheretic treatment in albumin was started, as 

CRRT in CVVHD at a flow of 300 ml/h. 

About anticoagulation: we used a low molecular weight 

sodium heparin at a rate of 5 IU/kg/h. Therapy resulted in 

removal of inflammatory mediators, improvement in the 

hemodynamic, neurological and overall clinical condition, 

ventilatory insufficiency was treated with extubation in two 

days, MOF dysfunction lab test reduces; in a six days time it 

was decided to dismiss the patient. 

In two days time the patient represented the overall 

symptoms and came in ICU in very critical condition. 

To support the pharmacological treatment of coma, sepsis, 

and MOF a first step Cytosorb treatment was applied: 

1. 3 treatments with Cytosorb for a total treatment time of 

54 hours (18 hours each treatment) separated by pause 

intervals of 6 hours 

2. Cytosorb was used in conjunction only with CRRT 

(Prismaflex, Gambro) run in CVVHDF mode 

3. No plasmapheretic treatment was done 

4. Blood flow: 90 ml/min 

5. Dialysis flow: 300 ml/h 

6. Anticoagulation: low molecular weight sodium heparin 

at a rate of 5 IU/kg/h 

7. Cytosorb position: post-hemofilter, red blood cell 

priming of 90 ml was used 

The case of this patient with acute hemorrhagic encephalitis, 

cerebral edema and multiple organ failure and the clinical 

therapeutically events suggested us that in order to treat these 

MOF from different etiologies our idea tending to start with 

Cytosorb use as first treatment or rescue treatment had to be 

considered; 

The combined treatment with CRRT and Cytosorb followed 



 American Journal of Pediatrics 2020; 6(3): 207-217 214 

 

by plasmapheresis could be the goal of therapy resulting in the 

rapid removal of inflammatory mediators, and an 

improvement in the hemodynamic, neurological and overall 

clinical condition. 

As the resolution of coma, respiratory insufficiency, renal 

and metabolic failure occurred shortly after the first discharge 

of patient, Cytosorb treatment should probably have already 

been initiated during the first recovery instead of apheresis, 

not waiting for a subsequent evidence of not correct and 

exhaustive disease therapy. 

This evidence was confirmed from the analysis of cytokines 

level data, and from the analysis of clinical data showed in 

figures 2-3-4: 

1. It was clear that Cytosorb has to be applied as first 

choice; 

2. Application timing had to be not more than 18 hours due 

to absorbtion default; 

Important: In all the not survived patients there has been a 

persistent high IL10 level. 

This last parameters was very impressive: Il-10 is known to 

be an important index of the organic response to aggressive 

pathogens and its high levels always led us to think that there 

was an adequate immunity response. 

We made some considerations: the mainly problem of 

Cytokine storms is the velocity of release of pathologic 

mediators, it is very difficult to stop these release in very short 

time and break the chains of an auto-susteinig mediators 

release. 

When you use a apheretic filter a quote of mediators is not 

removed and goes further circulation sustaining the 

immunitary deficitary response. The best therapeutic result 

cannot avoid the removal of circulating mediators: Cytosorb 

use aloud us to do it. 

Consequently a persistent or increasing high level of Il-10 

indicates a negative prognostic sign, as we published in “Use 

of Cytosorb in a pediatric case of acute hemorrhagic 

encephalitis and multiple” organ failure, Case of the Week in 

Cytosorb Literature Database, (L. Milella 14/2018). 

1.8. The Treatment a Case of Septic Shock Due to 

Streptococcal Arthritis 

We were strongly convinced of our ideas in March 2019 

when we treated a case of septic shock due to Streptococcal 

Arthritis (Figure 1 - Case 8). A 4 years old patient weighing 16 

kg was admitted to our unit from Orthopedic Unit where he 

was treated for Streptococcal Arthritys. At the admission of 

the patient he was in very critical condition due to coma, 

respiratory insufficiency, septic shock and MOF, cardiogenic 

shock (table 4). 

Table 4. Patient Data at the admission in ICU. 

Hypotension MAP< 40 mmHg 

Tachycardia 175 bpm 

Fever 38,8°C 

GCS 7 

pH 7.19 

PaO2 75 mmHg 

PaCO2 55 mmHg 

Lactate 5.5 mmol/L 

Be -12 mmol/L 

PRC 480 mg/dL 

PLT 50000 

Our protocol for treatment of Septic Shock, Sepsis, MOD 

was started as previously referred. CRRT was immediately 

started as CVVHD and an emoadsorbent cartridge (Cytosorb) 

was integrated in a post-hemofilter position in the traditional 

CRRT circuit. Continuous veno-venous hemodiafiltration 

(CVVHDF) flow ranged from 20-30 ml/kg/h, ultrafiltration 

rate was variable with hemodynamics; heparin 

anticoagulation (5-30 IU/Kg/h) was controlled with activated 

clotting time (ACT: 150-200 sec), APTT-INR (1.5-1.8), 

Thromboelastogram (TEG), every 4 hours. The first treatment 

had a duration of 18 hours separated from the second one by a 

24 hours pause interval, to verify improvements in PRISM III 

and SOFA score; Clinical and biochemical parameters were 

measured daily. There was a sudden improvement of patient 

clinical conditions (Table 5): 

Table 5. Patient Data before, during and after the treatment. 

DATA Before 1st Treatment After 1st Treatment After 24 hours 

Norepinephrine 0.05 µg/kg/min 0.03 µg/kg/min 0 

IL-6 140 pg/ml 0.5 pg/ml 0.5 pg/ml 

TNFα 351 pg/ml 38 pg/ml 0.5 pg/ml 

SOFA Score 27 10  

PRISM III Score 18 9  

(P. Raimondo, M. Ficarella, P. Moliterni, M. Sisto, F. Cito, G. Calabrese, L. Milella Pediatric Department of Neonatal and Pediatric Anesthesia and Intensive Care 

Unit – Neonatal and Pediatric Cardiac Anesthesiaand ICU; Giovanni XXIII Hospital – Policlinico di Bari (Italy); Blood Purif 2019; 47 (suppl 4): 3–37 31DOI: 

10.1159/000500179). 

The patient was extubated in 3d day and dismissed in 6th day. 

It is our convincement that the immediate use of Cytosorb 

allowed us to obtain a rapid improvement of the hemodynamic 

conditions, of renal and pulmonary functions, reduction of 

vasopressors and resolutive reduction of “cytokines storm”, a 

not rare deadly event even in pediatric patients, (we broke the 

auto - sustaining chain), as we published in Single Pediatric 

Case Recovery for Septic Shock Due to Streptococcal 

Arthritis Using Early Extracorporeal Cytokine Adsorber 

Treatment, (P. Raimondo, M. Ficarella, P. Moliterni, M. Sisto, 

F. Cito, G. Calabrese, L. Milella Pediatric Department of 

Neonatal and Pediatric Anesthesia and Intensive Care Unit – 

Neonatal and Pediatric Cardiac Anesthesiaand ICU; Giovanni 

XXIII Hospital – Policlinico di Bari (Italy); Blood Purif 2019; 

47 (suppl 4): 3–37 31DOI: 10.1159/000500179). 
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2. Albumin and Sepsis 

According with Archimed’s tought: “give me a lever and a 

foothold and I will rise up the world”, it is our strong opinion 

since a long time that if we look at Blood as a body well 

defined System with a single organ philosophic working 

attitude, very complex indeed, but very multicovariate defined, 

Albumin is our “lever” and “blood reology” is our foothold. 

In our unit we where use to treat since 2005 every patient 

recovered because affected from viral infections with 

plasmapheresis. 

Until six years ago we performed only plasma exchange 

apheresis, but, according with our thoughts, we ipotized that 

body wather overload was the first problem in SIRS or septic 

patients and peripheral cellular leakage, as well, was either 

due to oligoanuria or fluid overload was at the basis of clinical 

conditions of the patient and worsening of mortality and 

morbility. 

This opinion led us to not overload the patient with large 

fluid intake (or cristalloids, or plasma expanders) but to apply 

CRRT (CVVHF) as a routinary treatment to avoid fluid 

overload and peripheral leakeage. 

We change our first step infectious desease treatment and 

we stared to give at every patient, independently from weight 

and age, a 2 ml/hour albumin 20% infusion to take Albumin 

levels not less than minimal range value, (20-48 mg/dl). 

We were convinced that among the multiple albumin 

functions, to administer albumin in continuous infusion to 

avoid lost of it or to correct low levels was the first and better 

choice for the patient in the aim to administer noble fluid 

replacement, increase the plasmatic osmolarity and to recall 

water and liquids from third space into plasma. 

The second step was to perform albumin driven 

plasmapheresis and support immunitary response with fresh 

frozen plasma administration at not less than 20 ml/kg/ day. 

Albumin functions are more than to maintain plasmatic 

reology (Figure 7); a default in albumin level could be done 

from less intake, reduced concentration caused by fluid 

overload, more oxidation, post transcriptional changes in 

isoforms. Many studies have been done in the last decade 

confirming the role of albumin in many pathological situations, 

(Figure 7). 

This is because it is accleared that Albumin is the most 

abundant plasma source of anti-oxidant agents in the 

extra-cellular space due to the free Cys-34. 

Cys-34 is a thiole acid component and represents the level 

of oxidate cysteine in human serum albumin level (HA) Low 

Cys-34 levels have a deep impact in the ligand albumin-nitric 

oxide giving to this ligand a stabilizations. In a few words 

Cys-34 stabilizes the link and carrying on nitric oxide to 

albumin and its distribution to BioPhase and cellular receptors 

during sepsis contributing to decrease the peripheral vascular 

microembolization [31]. It is ineludible that severe sepsis is 

associated with a large increase in albumin oxidation: 

There are two type of albumin oxidative pathways: 

The first one is the so called HNA-1 that is a reversible 

oxidative action, and the second one i NHA-2 that is 

irreversible oxidative reaction. 

Both these oxidative reactions lead to a decrease in the level 

of metalbumin levels (HMA) the active form of circulating 

albumin. 

This not reversible process (HNA-2) of albumin oxidation 

may be associated with an increased mortality and morbidity 

during sepsis, whereas a reduced average serum albumin may 

oppose the solution of primary infection. [32] 

The Italian Multicenter Study “Albios” 33 confirmed the 

central role of albumin levels in sepsis and infectious disease 

pathologies. [33] 

In the end we are sure that albumin normal level is on of the 

principal driven of sepsis treatment. 

 

Figure 7. Albumin. 
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3. Other Horizons: Hemolitic Huremic 

Syndrome and Bridge for Liver 

Transplantation 

We already used Cytosorb treatment in 20 MOF sepsis 

related patients with last 5 patients survived at treatment, this 

data are on the way to be published. 

It is compulsory to us to point out that we enlarged the use 

of Cytosorb in patients not strictly affected from MOF sepsis 

related but also affected from peculiar pathologies potentially 

deadly. 

Two experienced examples can be helpful: 

The use of Cytosorb could represent a new adjuvant 

therapeutic approach in the treatment of septic shock–HUS 

related, its efficacy leads less vasoplegia, better hemodynamic, 

reduction of vasopressor drugs. A difference of the only case 

in the literature, we use a triple therapy: CVVHDF, early use 

of Cytosorb; PEX. In a four years patient that survived without 

neurological sequel. 

In pediatric patients, acute liver failure caused by different 

insults to the liver, represents a critical condition and requires 

timely intervention with liver transplantation for the survival. 

In a case of a six-month-old patient, agonic with coagulation 

dramatic alterations and MOF we use Cytosorb rescue 

treatment of 18 hours before leading it to liver transplant the 

patient survived. 

Using Cytosorb as a bridge to transplant in a case of severe 

Hepatic Failure can reduce morbidity and mortality and obtain 

a better to long-term survival in pediatric patient. 

4. Conclusions 

This was the report of our unit journey during almost four 

years time in the treatment of sepsis and sepsis related MOF. 

And this will be not a conclusion strictly correlated to our 

results during this journey. 

This will be a personal consideration about a change in our 

way to approach the patient treatment. 

But also we tried to show how many changes have been 

done in application of therapies during this period according 

with our new approach. 

Starting from the basis of previous experience and new 

therapeutical ideas, we changed our way to look after the 

patient only in a very schematic and guidelines-protocols 

guided asset. 

Cytosorb was extremely useful in giving the patient a new 

way of treatment in sepsis, SIRS and many clinical conditions 

that coul’d lead to patient death. 

But the principal change in our therapeutic treatment was to 

consider Blood as an organ, a system with a proper philosophy 

of work and probably the center of our anatomical and 

physiological structure. 

This speculation convinced us that the way to propose for 

sepsis or MOF treatment is not unitary but requires a global 

vision of the patient response to it, especially from one point 

of view: our aim has to be accompany nature, to go with the 

nature, to bring back every single organ to its work 

philosophy. 

This opinion seems to be very difficult to express and much 

more to be understood because we need results, we need 

patient survive and therapy is our sword to fight against 

aggressive pathogens or genetical conditions or immunitary 

deficiency, but we can’t forget what Dr William Osler 

communicated us in the early 1900 years: “Except in few 

occasions, the patients seems to die from the body’s response 

to infection rather then from it”. 

Further studies are needed from several points of view and 

not least may be that a new consideration about human 

behavior and nature philosophy relationship has to be studied 
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