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Abstract
Hemadsorption via the cytokine- adsorber CytoSorb (CytoSorbents Europe, Berlin, 
Germany) has successfully been used as an adjunctive method in adults, mainly for 
the purpose of immunomodulation under acute inflammatory conditions such as sep-
sis and cardiac surgery. In recent years, there has been growing interest in its use in 
pediatric intensive care to improve outcomes in patients with multiple organ failure 
following an inflammatory illness. Literature on the application of CytoSorb in neo-
natal and pediatric patients is scarce, though the implication is that it could be an 
effective last- resort treatment option in critically ill pediatric patients. Herein we 
present the clinical cases of two pediatric patients successfully treated with a combi-
nation of the CytoSorb hemadsorber, continuous renal replacement therapy, and ex-
tracorporeal membrane oxygenation due to multiple organ failure following different 
underlying medical conditions. Patient 1 was a 7- month- old male child with Down's 
syndrome admitted to the Pediatric Intensive Care Unit (PICU) after congenital heart 
surgery, who developed antimicrobial- resistant septic shock and severe acute res-
piratory distress syndrome. Patient 2 was a 2- year- old male child admitted to the 
PICU with influenza A- associated acute liver failure resulting in hyperammonemia, 
lactate acidosis, hemodynamic instability, and acute kidney failure. In both patients, 
hemadsorption with CytoSorb was initiated as an adjunctive rescue therapy to treat 
refractory multisystem organ failure. Improvement of laboratory and clinical pa-
rameters was observed within hours of treatment initiation. The application of the 
hemadsorber— developed for use in adults— proved simple and safe for use in both 
of our low- weight pediatric patients.
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1 |  INTRODUCTION

The use of extracorporeal blood purification methods for 
immunomodulation under acute inflammatory conditions 
following infectious and noninfectious origins has evolved 
in recent years.1,2 CytoSorb (CytoSorbents Europe, Berlin, 
Germany, approved in 2011 in Europe) is, to date, the only 
CE- certified hemadsorber for use in patients with severe cy-
tokinaemia.3 The device consists of a cartridge filled with 
biocompatible porous polymer beads with a mean diameter 
of 450 µm. The overall adsorption surface of 1 adsorber car-
tridge column is >45 000 m². Hydrophobic molecules of up 
to 55 kDa, mainly cytokines and a broad selection of inflam-
matory mediators (eg, chemokines, DAMPs, PAMPs), as 
well as other toxins, drugs, and substances such as myoglo-
bin, bilirubin, and ammonia, are irreversibly captured, bound 
to the adsorber beads and eliminated from the bloodstream.4 
Cytosorb has thus been successfully used for different clin-
ical conditions such as liver failure, pancreatitis, burns and 
trauma, intoxications, and rhabdomyolysis, though the main 
indications are the treatment of septic shock and hyperin-
flammation following cardiac surgery.1,5

The CytoSorb hemadsorber has been proven to be effec-
tive in reducing cytokine levels as well as the risk of organ 
failure and mortality in multiple preclinical studies using an-
imal models of sepsis.6,7 Because of its approval, CytoSorb's 
safety profile has been tested in several thousand clinical 
cases. However, clear evidence of its efficacy via large ran-
domized controlled trials is, to date, unavailable.1,8,9

Clinical experience with CytoSorb in pediatric patients 
is limited to several case reports and one small case series. 
Since scientific literature about the use of CytoSorb and 
blood purification in children, in general, is scarce, its use is 
still experimental, poses potential risks to pediatric patients, 
and requires a high level of expertise of the responsible pedi-
atric intensivists.

Herein, we present case reports of the successful appli-
cation of hemadsorption with CytoSorb in two pediatric pa-
tients with body weights under 15 kg.

Written informed consent for publishing these case re-
ports was signed by the patients’ legal guardians and approval 
was obtained from the local ethics committee at the Medical 
University of Vienna.

2 |  CASE REPORTS

2.1 | Patient 1

A 7- month- old, 7  kg male child with Down's syndrome 
and congenital heart disease (coarctation of the aorta and 
atrioventricular septal defect [AVSD]) was admitted to the 
Department of Pediatrics and Adolescent Medicine of the 

Medical University of Vienna for elective cardiac surgery 
in June 2019. Aortic coarctation repair with resection, end- 
to- end anastomosis, and pulmonary artery banding had 
already been performed on the third day of life. Hospital 
readmission was necessary for elective AVSD correction 
and debanding, which was performed without complica-
tions. After initial extubation and transfer to the pediatric 
cardiology IMC ward on Day 4 after cardiac surgery, the 
patient had to be retransferred to the ICU and reintubated 
due to respiratory decompensation 2 days later. After treat-
ment of atelectasis and of bilateral chylothorax, the patient 
was again weaned from mechanical ventilation 3 days 
later by means of a high- flow nasal cannula. Postoperative 
C- reactive protein (CRP) elevation without clear focus ne-
cessitated antibiotic therapy with Cefuroxime. Antibiotic 
treatment was stopped after normalization of inflamma-
tion parameters on Day 12 after surgery. The following 
day, the infant became febrile, developed dyspnea, and 
had a pale complexion (Day 1 of sepsis, D1). Laboratory 
testing revealed elevated inflammation parameters (IL- 6 
>50 000 pg/mL, CRP 8.3 mg/dL) and pancytopenia (throm-
bopenia 45 000/µL, hemoglobin (Hb) 9.9 g/dL, hematocrit 
(Ht) 29.6%, leucopenia 1900/µL) substantiating the clinical 
suspicion of gram- negative sepsis. After a complete septic 
workup, antibiotic treatment was initiated with Piperacillin/
Tazobactam, Gentamicin, and Vancomycin. Blood cul-
ture results were available within 6  hours after treatment 
initiation and revealed Enterobacter cloacae complex 
and Staphylococcus epidermidis. Therefore, Piperacillin/
Tazobactam was switched to Meropenem. Antimicrobial 
treatment was further escalated to Ciprofloxacin and 
Linezolid because of drastically increasing inflammation 
parameters and clinical deterioration. Fluconazole was 
added empirically and Pentaglobin and Pentoxifyllin were 
administered as adjuvant sepsis therapy.

Although both identified pathogens were sensitive to the 
administered antibiotics according to antimicrobial suscep-
tibility testing, inflammation parameters further increased 
and the treatment was unable to prevent the patient's continu-
ing hemodynamic deterioration. He developed septic shock, 
requiring catecholamines and reintubation. Fresh frozen 
plasma, erythrocytes, and platelets were substituted as nec-
essary and granulocyte- colony stimulating factor was admin-
istered to treat neutropenia. The patient's hemodynamic and 
respiratory situation gradually worsened (Sequential Sepsis- 
related Organ Failure Score [SOFA] score 20, increasing lac-
tate 4.6 mmol/L). Severe acute respiratory distress syndrome 
(ARDS) was diagnosed and treated according to PALICC 
recommendations, including the use of elevated positive 
end- expiratory pressure of 12 mm Hg, prone position, cor-
ticosteroids, and surfactant administration. Venoarterial- 
extracorporeal membrane oxygenation (VA- ECMO) support 
became necessary on Day 3 of sepsis following progressive 
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lung failure in accordance with pediatric ARDS guidelines, 
with an oxygenation index (OI) of 50 and a paO2/FiO2 ratio 
of 60 mm Hg.

Due to increasing anasarca following the capillary leak 
and deteriorating renal function, continuous renal replace-
ment therapy (CRRT) in the continuous veno- venous hemo-
diafiltration (CVVHDF) modality was initiated to improve 
the patient's fluid balance. CRRT was performed using a 
blood- primed HF60 membrane of the Prismaflex System 
(Prismaflex, Baxter Healthcare, Vienna, Austria) connected 
to the ECMO circuit, parallel to the pump (shown in Figure 1). 
The decision to commence hemadsorption with CytoSorb 
was made as an adjunctive, last- resort treatment modality due 
to the ongoing septic inflammation. The adsorber was primed 
with 150 mL of erythrocytes and fresh frozen plasma (1:1) 
and inserted in the CRRT circuit, in series with the hemofil-
ter in a postfilter position. The patient received a continuous 

infusion of unfractionated heparin sodium to keep postfilter 
activated clotting time between 160 and 180 seconds. Blood 
flow was maintained at 100- 150 mL/min, and the same ad-
sorption column remained in place for 40 hours.

Under combined treatment with ECMO, CVVHDF, and 
CytoSorb, rapid clinical stabilization was achieved in terms 
of the improved respiratory situation, hemodynamics, and 
laboratory parameters (shown in Table 1). Moreover, SOFA 
scores declined markedly. After the first 12 hours of CytoSorb 
application, there was a pronounced drop in IL- 6, procal-
citonin (PCT), and CRP. The patient required only half the 
amount of vasopressor support compared with levels before 
initiation of therapy, and catecholamines were discontinued 
after 40 hours of combined CytoSorb, continuous CVVHDF, 
and ECMO treatment. With increasing urine output, hemo-
diafiltration was only necessary for a further 8  hours, and 
ECMO support was discontinued after a total of 10 days of 

F I G U R E  1  Connection of CytoSorb 
into standard CRRT (CVVDHF) circuit in 
postpump position, connected in parallel 
into standard VA- ECMO circuit (Patient 1) 
[Color figure can be viewed at wiley onlin 
elibr ary.com] 

http://wileyonlinelibrary.com
http://wileyonlinelibrary.com
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treatment. The patient was successfully weaned from me-
chanical ventilation 2 weeks later. After an additional 14 days 
of noninvasive respiratory support (NIV- PC, NIV- NAVA), 
the patient was discharged from the PICU and transferred to 
the pediatric cardiology IMC ward. The patient was finally 
discharged home 2 weeks later in good clinical condition and 
with normal lung function.

2.2 | Patient 2

The 22- month- old male child of consanguineous parents 
weighing 14 kg presented at the pediatric emergency depart-
ment in March 2019 with a history of fever (39℃), cough, 
diarrhea, and vomiting for 2 days.

The patient's past medical history included 2 previous 
episodes of acute liver failure following febrile infection 
(November 2017 and February 2018), during which he de-
veloped toxic encephalopathy with subsequent symptomatic 
epilepsy and psychomotor retardation. Previous diagnostic 
workups including whole- exome sequencing, congenital 
disorder of glycosylation diagnostics, and inborn errors of 
metabolism had been inconclusive. Family history revealed 
that the patient's brother had recently died from infection- 
associated acute liver failure, and likewise, extensive testing 
had to be unable to show a causative medical condition.

Upon presentation (D1), the patient appeared unwell, 
with altered consciousness, tachycardia (158/min), and mild 
jugular retractions. Capillary blood gas analysis revealed un-
compensated metabolic acidosis (pH 7.12, pCO2 25 mm Hg, 
HCO3 9.8 mmol/L, BE −19.8 mmol/L, lactate 14.7 mmol/L) 
and hypoglycemia (22 mg/dL). The patient was immediately 
admitted to the PICU where he was intubated and subse-
quently mechanically ventilated. Hemodynamic instability 
(RR 83/31 (45) mm  Hg) required initiation of vasoactive 
treatment with noradrenaline. Hypoglycemia was treated 

with intravenous dextrose 20% and did not reoccur under 
continuous iv administration.

Upon admission (D1), CBC showed leukocytosis (19.08 
G/L), and normocytic, normochromic, hypo- regenerative 
anemia (Hb 10.2  g/dL, Ht 31.5%, reticulocytes 0.69%). 
Biochemical laboratory results revealed abnormal liver 
function tests (AST 2297 U/L, ALT 633 U/L, GGT 94 
U/L, total bilirubin 2.4 mg/dL) and mild hyperammonemia 
(135 µmol/L). Coagulation tests showed pathologic levels of 
INR (2.6) and TPZ (19%), and hypofibrinogenemia (125 mg/
dL), while single factor analysis demonstrated markedly re-
duced activity of factors II, V, VII, VIII, IX, and X.

Management included continuous administration of 
TRIS buffer solution, repeated administration of fresh fro-
zen plasma and erythrocyte concentrates, and initiation of 
treatment with l- arginine and sodium-  benzoate following 
increasing hyperammonemia (max. 536 µmol/L). Antibiotic 
therapy with Cefotaxim and Vancomycin was initiated due 
to elevated inflammatory parameters (CRP 2.81 mg/dL, IL- 6 
393.6 pg/mL, PCT 5.25 ng/mL). Viral testing was positive 
for influenza A, and Oseltamivir was administered from D1 
to D7. Blood cultures as well as PCR analysis taken from tra-
cheal secretions and urine were repeatedly negative, despite 
the growth of Candida albicans in tracheal secretions on D7.

Under this therapeutic management, hyperammonemia, 
lactate acidosis, and inflammation parameters decreased; but 
due to worsening hemodynamic instability, the patient began 
to require epinephrine in combination with norepinephrine. 
Additionally, he developed acute kidney failure (creati-
nine 2.05 mg/dL, BUN 33.3 mg/dL, anuria). Consequently, 
CVVHDF (Prismaflex, Baxter) was commenced (D5) after 
inserting a hemodialysis catheter into the right external jugu-
lar vein. Throughout CVVHDF, hypotension and bradycardia 
continued, with the patient requiring increasing doses of ino-
tropic agents and vasopressors. In addition, bilirubin levels 
increased dramatically (up to 26 mg/dL), so the decision was 

T A B L E  1  Summary of hemodynamic and respiratory variables and inflammation parameters before, during, and after combined treatment 
with CytoSorb (CS)/CVVHDF/ECMO (Patient 1)

Before treatment 
initiation

12 hours CS/CVVHDF/
ECMO

24 hours CS/CVVHDF/
ECMO

End of CS treatment 
(40 hours)

CRP mg/dL 42 11 / 8

IL6 pg/mL 640 335 / 77

PCT ng/mL 41 3.4 / 1.8

Norepinephrine µg/kg/min 0.35 0.17 0.05 0

Lactate mmol/L 4.6 3.8 2.7 3.0

UPR mL/kg/h 2.2 / / 13

SOFA score 20 16 14 8

FiO2% 100 40 35 25

Pmax mbar 34 25 23 27

OI (MAP × FiO2/PaO2) × 100 51 9 2.2 2.7
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made to start adjunctive treatment with the CytoSorb hemad-
sorber (D11- D12 and D13- D14). The cartridge column was 
primed with 150 mL erythrocyte concentrate and 5% albumin 
solution in a 1:1 ratio and inserted into the CRRT circuit in 
series in a postfilter position (shown in Figure 2). The patient 
received unfractionated heparin sodium for anticoagulation. 
Blood flow was maintained between 100 and 150  mL/min 
and the adsorber column was exchanged after 24  hours as 
recommended by the manufacturer. Within the first 12 hours 
after CytoSorb initiation, bilirubin levels dropped from 26.2 
to 6.6 mg/dL. After 2 treatment courses of 24 hours each, the 
patient's hemodynamic and respiratory situation improved 
(summarized in Table  2). Catecholamine support was sus-
pended and, as urinary output normalized, discontinuation 
of CVVDHF was possible on D15. The patient's respiratory 
situation increased dramatically under CytoSorb treatment, 
both in terms of lower oxygen requirement and also under 
gradually decreased inspiratory pressure. Weaning from me-
chanical ventilation was well- tolerated and he was extubated 
on D19. He was transferred from ICU on D29 and discharged 
home after 8 more weeks in a stable clinical condition with 
normal liver function tests.

3 |  DISCUSSION

In these reported cases, we used the CytoSorb hemadsorber 
as an adjunctive last- resort treatment option for pediatric in-
tensive care patients with multisystem organ failure, although 
to date its use in children has been experimental.

Patient 1 was an infant with therapy refractory septic 
shock and severe ARDS requiring ECMO and CRRT. The 

underlying condition of Down's syndrome with congenital 
heart disease requiring cardiac surgery made the overall sit-
uation very challenging. In combination with inadequate re-
sponse to standard therapy and persistently high serum levels 
of inflammatory parameters despite an appropriate sixfold 
antibiotic regimen, mortality risk was high. This was un-
derlined by our patient's OI of 51; mortality risk for pARDS 
when OI exceeds 16 has been reported at 40%,10 while pre-
dicted mortality with a pediatric SOFA score of 20 is esti-
mated at 50%.11

Combined treatment with VA- ECMO, CVVHDF, and he-
madsorption with Cytosorb led to a decrease of CRP, PCT, 
and IL- 6 levels within hours of therapy initiation, accompa-
nied by a significant improvement in hemodynamic status 
as indicated by stabilized blood pressure, increasing urine 
output, and reduced lactate levels in our patient. Moreover, 
the need for platelet replacement and other blood products 
decreased.

The rationale for use of CytoSorb in sepsis and septic 
shock is to filter excessively released pro- inflammatory and 
anti- inflammatory mediators from the bloodstream. This may 
theoretically restore immuno- homeostasis, mitigate a “cyto-
kine storm,” and reduce life- threatening organ dysfunction 
caused by a dysregulated host response to infection.12- 16 It 
has been shown that mortality in sepsis is highest when both 
pro- inflammatory and anti- inflammatory cytokine levels are 
highest.17

Similar to the pathogenesis of sepsis and septic shock, 
pathogen- associated and damage- associated molecular pat-
terns (PAMPs and DAMPs), that are released by infection 
or necrosis, are also thought to be involved in the develop-
ment of acute- on- chronic liver failure.18,19 These molecules 

F I G U R E  2  Connection of CytoSorb 
into standard CRRT (CVVDHF) circuit in 
postpump position (Patient 2) [Color figure 
can be viewed at wiley onlin elibr ary.com] 

http://wileyonlinelibrary.com
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seem to trigger an excessive inflammatory response that 
causes organ failure.20 CytoSorb hemadsorption removes 
PAMPs and DAMPs from the bloodstream and might thereby 
potentially reduce organ damage. Based on these consider-
ations, CytoSorb was applied for Patient 2 who suffered from 
infection- triggered acute liver failure.

Our findings are in line with previously published data on 
CytoSorb application in the case of sepsis and septic shock, 
although literature pertaining specifically to the pediatric 
population is scarce. Moreover, existing data in adults are 
mainly based on retrospective analyses and case series and 
results are partly conflicting.1,2,21

After several in vivo and ex vivo animal studies, nu-
merous case reports and case series showed hemodynamic 
stabilization in septic patients combined with a reduction 
of circulating cytokines and chemokines, and a potential 
improvement of clinical outcomes was postulated.1,2,6,7 An 
international registry on the use of CytoSorb published by 
Friesecke et al included data from 198 ICU patients from 22 
different countries.22 Results showed that sepsis was the most 
common indication for CytoSorb use. The authors reported 
reduced observed mortality of 65% versus the predicted risk 
of death of 78% according to APACHE II scores and reduced 
IL6 levels after treatment (median 5000  pg/mL before and 
289 pg/mL after treatment). However, there was no signifi-
cant decrease in SOFA scores after treatment. More recently, 
Paul et al performed a multicentered observational study that 

prospectively analyzed CytoSorb treatment along with the 
standard of care in 45 septic patients and found a 52% reduc-
tion in IL- 6 levels, significant improvement of sepsis scores 
(SOFA, APACHE II), and a reduced actual versus predicted 
mortality (48.8% vs. 56.6%).23

However, there have been few randomized clinical trials 
evaluating clinically relevant outcomes. The first and larg-
est randomized controlled trial to date was carried out by 
Schädler et al.24 This multicenter study evaluated the effect 
on IL- 6 elimination in 97 septic patients suffering from septic 
shock, multiple organ failure, and/or ARDS randomized to 
cytokine adsorption with conventional treatment or standard 
of care alone. Despite the removal of IL- 6 under CytoSorb 
treatment, patients’ IL- 6 levels were not significantly lower 
in the treatment group. In addition, no statistically signifi-
cant differences were detected in terms of organ function pa-
rameters and survival. However, the authors stated that their 
study was not powered to detect differences in mortality and 
that their patients’ cytokine levels were only moderately ele-
vated with a median IL- 6 level of 500 pg/mL. Interestingly, 
it has been reported that the reduction of systemic IL- 6 levels 
was only significant when they exceeded 1000  pg/mL.25,26 
This most likely reflects the concentration- dependent clear-
ance effect of the hemadsorber and could explain the good 
response in our Patient 1 regarding the fast reduction of his 
high IL- 6, PCT, and CRP levels during CytoSorb hemad-
sorption. Another aspect is that cytokine hemadsorption in 

T A B L E  2  Summary of hemodynamic and respiratory variables and laboratory parameters (Patient 2)

Admission
Before 
CVVHDF

Before 
CS

After 
12 hours CS

After 
24 hours CS

After 
CS

2 days after end 
of treatment

Discharge 
PICU

Ammonia µmol/L 135 333 86 93 43 98 48 38

AST U/L 2297 1215 120 69 95 137 157 128

ALT U/L 633 122 27 10 32 28 37 61

GGT mg/dL 94 46 43 / 22 22 46 1236

LDH U/L 8606 1449 1753 / 1133 700 1012 446

Bilirubin mg/dL 2.4 4.8 26.2 6.6 8.8 5.3 13.4 6.6

Creatinine mg/dL 0.71 2.05 0.28 / 0.34 0.34 0.65 <0.15

BUN mg/dL 19.6 33.3 6.0 / 5.7 10.9 59 16.6

UPR mL/kg/h 3.07 0.27 0.3 0.20 0.05 1.79 4.11 4.7

Lactate mmol/L 17.0 6.0 3.7 4.6 3.8 2.7 2.6 1.7

Pmax mbar 20 36 34 29 28 17 24 /

FiO2% 0.4 100 0.45 0.25 0.25 0.3 0.3 0.4

Norepinephrine 
µg/kg/min

0.14 0.357 0.06 0.1 0.06 0.01 0 0

Epinephrine µg/
kg/min

0 0.119 0 0 0 0 0 0

CRP mg/dL 2.9 0.7 2.8 2.18 4.2 1.5 4.6 0.5

IL6 pg/mL 331 74.0 550 90 46.4 28.8 328 14.6

PCT ng/mL 5.6 / 0.81 0.35 / / 2.3 0.65
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the cited study was only applied for 6 hours each day for a 
period of 7 days, whereas cytokine production and release 
during sepsis is thought to be continuous.24 This could have 
been a further advantage in the treatment of our Patient 1, 
where hemadsorption was continuously applied over a period 
of 40 hours. The first randomized clinical trial investigating 
CytoSorb as a standalone treatment without CRRT in adults 
with septic shock reported a significant reduction in PCT 
plasma levels and a reduced need for norepinephrine.27,28 
With the onset of the COVID- 19 pandemic, another field of 
application for cytokine adsorption has emerged. Although 
the use of CytoSorb has been recommended by the FDA for 
the treatment of SARS- CoV- 2- associated cytokine storm,29 
first randomized controlled trials could not show a significant 
reduction in serum IL- 6 or any benefit for survival.30

However, to date, robust data through large- scale RCTs 
investigating potential effects on sepsis- related organ injury 
and survival are still lacking.1,2

Aside from several isolated case reports, the largest two 
studies to date evaluating hemadsorption use in a pediatric co-
hort were retrospective analyses and comprised 8 and 10 pe-
diatric patients with bodyweight between 3.5 and 52 kg.31,32 
Bottari et al reported that the use of CytoSorb in combination 
with CVVHDF and/or ECMO in pediatric patients experi-
encing septic shock was associated with rapid hemodynamic 
stabilization within the first 2 days of treatment and a signif-
icant reduction in IL- 6, IL- 10, and TNF- α.31 The need for 
vasopressors and inotropic agents was reduced by more than 
half in up to 70% of these patients after 48 hours. The me-
dian removal ratio for IL- 6, IL- 10, and TNF- α was 80%, 90%, 
and 29%, respectively.31 Milella et al analyzed 10 pediatric 
patients suffering from multiple organ failure of various eti-
ologies and observed a decrease in inflammatory parameters 
and catecholamine demand accompanied by improved organ 
functions.32 The authors of both cited case series reported 
no complications or adverse effects through the application 
of CytoSorb.31,32 Further pediatric case reports included pa-
tients between the age of 3 days to 17 years of age. CytoSorb 
treatment in these case reports had been applied for various 
different indications such as sepsis and septic shock, ARDS, 
cardiac shock, SIRS following cardiac surgery, toxic shock 
syndrome following an insect bite, acute kidney injury fol-
lowing rhabdomyolysis, and drug- induced cytokine release 
syndrome, and most recently in a patient with severe MIS- C 
(a multisystem inflammatory syndrome in children) follow-
ing SARS- CoV- 2 infection.33- 40

As the hemadsorber is designed for use in adults, exist-
ing safety profile data and application recommendations can-
not easily be extrapolated for use in pediatric patients. First, 
the extracorporeal blood volume of the adsorber column is 
150 mL, which constitutes a considerable portion of the circu-
lating blood volume of a neonate or a young infant. Inserting 
the cartridge column in the extracorporeal circuit can thus 

result in hemodilution when primed with crystalloids, or lead 
to severe hypotension, even when primed with blood.

The youngest reported patient to date, a neonate weigh-
ing 4 kg treated with CytoSorb for refractory shock follow-
ing congenital heart surgery, experienced severe hypotension 
when the device was inserted in the extracorporeal circuit.33 
The authors stated, however, that hypotension was rapidly 
resolved after the administration of fresh frozen plasma and 
red cell concentrates. In Patient 2, we also observed a hy-
potensive deterioration when the adsorber was added to the 
extracorporeal circuit. After administration of 10  mL/kg 
crystalloids and transient elevation of norepinephrine, the pa-
tient's blood pressure rapidly stabilized.

An additional factor is blood flow. According to 
CytoSorb's manufacturer, the recommended blood flow 
is 150- 700  mL/min. However, this is not feasible for low- 
weight pediatric patients and there is no available data on the 
safety and effectiveness of using lower flow rates. We main-
tained blood flow rates at 100- 150 mL/min due to a paucity 
of recommendations in pediatric patients. Other studies have 
reported blood flow as low as 40 mL/min without negative 
effects.34

CytoSorb adsorption columns are authorized for a max-
imum treatment duration of 24 h/device.41 We acted in ac-
cordance with this recommendation in Patient 2 but did not 
change the adsorber column during the total treatment course 
of 40 hours in Patient 1 because of his low body weight, as 
previously described in other case reports of infants with 
body weights under 10 kg.33- 35 The priming volume of the 
hemadsorber is 150 mL, which accounts for approximately 
25% of the patient's total blood volume and this bears the 
risk of hypotension and hemodilution. In order to avoid these 
risks, we decided not to change the column. The other aspect 
was that we did not observe a decline in the treatment effect. 
It is thought that the adsorption capacity of CytoSorb is satu-
rable after approximately 8 hours in the clinical setting which 
can be evidenced by a rebound in systemic cytokine levels 
or by an increase in vasopressor demand. This effect can be 
tapered by changing the adsorption column.2 However, we 
did not observe any rebound effect in our patient. A possible 
explanation of this phenomenon could be that we used lower 
blood flow rates.

Studies in adults have shown that early CytoSorb treat-
ment initiation within the first 24  hours of sepsis resulted 
in better outcomes.23,42- 44 However, this was not feasible 
in our pediatric patients, where CytoSorb was only applied 
as salvage therapy after standard of care treatment was not 
successful.

Another aspect of CytoSorb treatment is that it is not 
selective to cytokines and toxic agents. Rather, it clears all 
hydrophobic molecules of up to approximately 55 kDa from 
the bloodstream, including physiologic mediators such as al-
bumin, platelets, neutrophils, monocytes, some antibiotics, 
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and other drugs.44 Because this effect is concentration de-
pendent, physiologic mediators are not influenced in a clin-
ically relevant manner according to the manufacturer.4 The 
reported clearance of albumin, for example, is estimated at 
<5% and for platelets, <10% in adults.24 Both our patients 
required albumin and platelets replacement during CytoSorb 
application. In Patient 1, serum albumin dropped from 19.9 
to 10.1 g/L within the first 4 hours after initiation of treat-
ment. Under continuous albumin infusion of 2  g/kg/d, al-
bumin serum levels were stable between 20 and 26 g/L. We 
also noticed that platelet depletion increased during treat-
ment. In Patient 1’s septic condition, the need for platelet 
transfusions rose from once to twice daily during CytoSorb 
treatment. His platelet count before initiation of CytoSorb 
was 10 G/L and dropped to 8 G/L despite substitution. After 
another transfusion, the platelet count rose to 27  G/L and 
then dropped to 5 G/L again within several hours. Our ob-
servations can only demonstrate a temporal association. 
However, if this increased requirement for platelet transfu-
sions was a direct result of the adsorber— with more pro-
nounced and rapid platelet depletion than has been reported 
in adults— this particularity should be systematically inves-
tigated in larger studies.

Regarding the influence of CytoSorb on pharmacokinet-
ics, the manufacturer recommends monitoring plasma levels 
of antibiotics such as piperacillin, meropenem, linezolid, and 
glycopeptides.45 In the aforementioned newborn case de-
scribed by Perez et al, the authors explained that vancomycin 
dosing was adapted in accordance with plasma levels under 
CytoSorb treatment. They cautioned that after removing the 
adsorber, vancomycin rapidly reached toxic plasma levels re-
sulting in acute kidney damage.33

Most published pediatric case reports do not report such 
adverse effects, however, plasma levels of administered drugs 
were often not monitored.35- 37 Table 3 summarizes the pub-
lished literature on pediatric CytoSorb application.

Although designed for use in adults, the application of the 
CytoSorb hemadsorber in patients with bodyweight <45 kg 
is not contraindicated and is not regarded as off- label use. 
However, in these cases, the responsibility for individual use 
in pediatric patients is left to the physician's discretion and it 
is recommended to adjust blood flow rates to reduce the risk 
of an adverse effect, according to the official instructions for 
use.46

Given the special considerations described above, he-
madsorption in pediatric patients should be restricted to in-
dividualized indications, where predicted mortality is high 
under standard care treatment and where anticipated bene-
fits outweigh potential risks. Those potential adverse events 
include hemodilution and hypotension that could result in 
cardiac arrest, reduction of serum albumin, platelets, and 
neutrophils, as well as altered serum levels of hydrophobic 
antibiotics and other drugs. Therefore, CytoSorb application 

in children requires a high level of expertise of the medical 
staff and close monitoring of patients. Platelet and absolute 
neutrophil count and serum albumin should be monitored 
at close intervals to allow rapid and appropriate substitu-
tion. In addition, plasma levels of hydrophobic drugs need 
to be measured, including digoxin and antibiotics such as 
piperacillin, meropenem, glycopeptides, aminoglycosides, 
linezolid, and clindamycin. Priming with or administration 
of red blood cells during priming should be considered in 
newborns and small children, where the extracorporeal vol-
ume of the cartridge column exceeds 10% of the patient's 
total blood volume.47

4 |  CONCLUSION

Our observation suggests that hemadsorption with CytoSorb 
contributed to the favorable outcomes of our 2 patients suf-
fering from multisystem organ failure following refractory 
septic shock and acute liver failure. Its application was safe, 
efficient, and did not cause any notable complications.

Whether our positive experience with CytoSorb can 
be generalized across a broader cohort under pediatric and 
neonatal intensive care settings requires further investi-
gation through large- scale randomized controlled trials. 
To date, its use in pediatric patients is still experimental. 
Recommendations for specific pediatric challenges such as 
optimal blood flow in low- weight patients, length of treat-
ment, and plasma level surveillance of certain drugs and 
physiologic agents remain to be determined. From a medical 
device design perspective, a smaller cartridge column with 
lower dead space volume could be favorable for applying this 
treatment modality across different indications in pediatric 
intensive care and neonatology.
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