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Prof. Michael Yaroustovsky, the Chief of the Department of Detoxication and Endoscopy at Bakoulev Scientific
Center for Cardiovascular Surgery, Corresponding Member of RAS, is a well-known Russian scientist who has
made significant contributions to the development of modern technologies of extracorporeal blood purification
in the treatment of critical states. He owns the absolute priority in the development and the introduction into
the clinical practice of Russian clinics of modern methods of correction and maintaining homeostasis, including
albumin dialysis, combined plasma filtration and adsorption, selective hemoperfusion, etc. at extremely severe
contingent of patients of different age groups having multiple organ failure and septic complications after
cardiac surgery. He is the author of more than 270 scientific articles, including 7 monographs and the first
Russian manual on Blood purification in Intensive Care.
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Extracorporeal blood purification is becoming increasingly important in intensive therapy
for multiple organ dysfunction syndrome (MODS) and sepsis, considering all of their
pathophysiological aspects. The results of treatment, particularly in children, considering
their anatomical and physiological features, are related to the severity and progression of
organ failure, the indications that are found, the choice of method, and the timely initiation
of blood purification. Multiple organ support therapy is the aim of introducing and applying
blood purification today. Various extracorporeal blood purification techniques directly affect
the molecular and electrolyte composition of blood and influence all structures of the human
body, which can allow us to correct, recover, replace and maintain homeostasis in MODS. The
potential of new extracorporeal molecular technologies allows their successful use in severe
cardiac and respiratory failure, acute kidney injury and hepatic dysfunction and in complex
therapy for severe infections and sepsis and extreme metabolic violations. Adult and pediatric
patients after cardiac surgery with cardiopulmonary bypass form a special cohort that often
requires the application of various intra- and extracorporeal techniques due to the development
of MODS, infections and sepsis in the postoperative period.
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INTRODUCTION

Extracorporeal blood purification is a modern
medical direction based on the modification of blood
components outside the patient's body aiming to
change their properties or remove pathological
substances that cause or support the disease. The use
of these methods concerning the pathophysiological
process allows us to achieve therapeutic effects, even
when traditional methods are ineffective.

BLOOD PURIFICATION FOR ACUTE
KIDNEY INJURYIN PATIENTS WITH
MULTIPLE ORGAN DYSFUNCTION
SYNDROME

Renal replacement therapy (RRT) is a routine method
for intensive care patients with acute kidney injury
(AKI). However, the incidence of isolated AKI in adult
intensive care unit (ICU) patients does not exceed
5.7%;" up to 90% of the AKI in this group are part
of a multiple organ dysfunction syndrome (MODS),
indicating the severity of the patients’ condition.??
Similarly, AKI remains one of the serious complications
after open heart surgery in children. The reported
incidence of AKI after cardiopulmonary bypass (CPB)
ranges from 23-52% with up to 17% of these patients
require RRT.M It prolongs the duration of ICU stays up
to 3-4 weeks and increases mortality up to 40-90%.5
Isolated pediatric AKI corresponds to only 15%, and it
is more common in MODS.

The goal of extracorporeal blood purification in the ICU
today should be the treatment of MODS considering
the pathophysiological aspects of it rather than the
classical RRT in AKI."# The choice of the optimal blood
purification modality is based on the ability to correct
water-electrolyte and metabolic imbalances and to
decrease the manifestations of endo- and exotoxicosis,
and other homeostatic disorders, thereby improving
survival of critically ill patients. Multiple organ support
therapy is an effective clinical approach. Various
systems and procedures for extracorporeal blood
purification including diffusion, convection, filtration,
adsorption, and apheresis directly affect the molecular
and electrolyte composition of the blood, allowing one
to correct, recover and maintain homeostasis.

Dialysis, convection and filtration can be used today
not only for RRT. Hemodialysis (HD), hemofiltration
(HF) and hemodiafiltration (HDF) are pathogenically
valid and effective methods in MODS. Pediatric AKI,
especially in underweight children, usually requires
the contemporary use of peritoneal dialysis (PD)
and extracorporeal methods. Each technique has its

advantages and limitations, which form an algorithm of
therapeutic protocol choice.®

Cardiosurgery patients with MODS form an extremely
serious group. First, one should pay attention to the
left and right ventricle efficiency, level of preload,
volume overload of pulmonary circulation and
oxygenation index (PO,/FiO,). At the time of initiating
extracorporeal therapy, such patients usually
have severe gas exchange and hemodynamic
disturbances, which require a multicomponent
inotropic (epinephrine > 0.2 pg/kg/min, dobutamine
> 5 upg/kg/min, dopamine > 7 ug/kg/min) and
mechanical circulatory support [intra-aortic balloon
counterpulsation and extracorporeal membrane
oxygenation (ECMO)]. Patients with MODS have an
increased preload [central venous pressure (CVP)
> 18 mmHg, left atrial pressure (Pla) > 20 mmHg],
low oxygenation index (PO,/FiO, < 150), edematous
syndrome, azotemia (creatinine > 350 pmol/L,
urea > 25 mmol/L), and electrolyte (hyperkalemia)
and metabolic (lactic acidosis) disorders. After
the first several hours of dialysis, hemofiltration,
hemodiafiltration (HD, HF, HDF), we observed
preload reduction (CVP and Pla decreased > 10%)
and hemodynamic stabilization [cardiac index, left
ventricular ejection fraction (LVEF) and arterial
pressure] against a background of inotropic support
decline, up to 25% of the prescribed dose.

In the pediatric ICU, the use of acute PD is justified
as the RRT method. PD does not adversely affect
hemodynamics; it requires no systemic anticoagulation
or vascular access, and it excludes the emergence
of disequilibrium syndrome. Moreover, this method
is simple, efficient and safe, and it does not require
complex expensive equipment. The indications for
PD in children after cardiac surgery are oligo/anuria,
hypervolemia, edematous syndrome with cardiac
and respiratory insufficiency progression, azotemia
and hyperkalemia.®*" PD allows one to decrease
circulatory insufficiency, in particular, to raise mean
arterial pressure (MAP) and LVEF with inotropic support
decline, to normalize ventricular filling pressure and
preload and postload (CVP and Pla), to optimize the
circulating blood volume and correct edema syndrome
[Figure 1]. The favorable effect of slow and constant
filtration in PD helps reduce tissue hyperhydration,
improve pulmonary gas exchange and increase the
oxygenation index. Individualized programs and
dosages of PD and appropriate parenteral nutrition
make it possible to predict the course of AKI, along with
the stabilization and further decrease of azotemia.!'”

More “aggressive” blood purification in infants is
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dictated by an inadequate PD dosing in metabolic
and water-electrolyte disorders with severe edema
syndrome, tissue hyperhydration and the preservation
of azotemia. Carrying out constant HF/HD in
infants makes it possible to achieve the necessary
fluid balance, and decreases in CVP and Pla are
accompanied by MAP and LVEF increases, which
allow inotropic support reduction in some cases.["’!

We are in strong agreement with researchers who
believe that hemodynamic and gas exchange
improvements are associated with the optimization of
circulating blood volume and plasma colloid osmotic
pressure.’ We also think that blood purification’s
positive effects are implemented by filtration of
interstitial fluid excess and reduction of myocardial and
pulmonary edema.®

The effectiveness of any blood purification method
in cardiosurgery patients depends on the adequate
correction of electrolyte (hyperkalemia, hyper- and/or
hyponatremia) and metabolic (lactatemia, acidosis,
alkalosis) disorders and azotemia. Hyperkalemia
is caused by acute kidney injury, catabolism,
rhabdomyolysis and reperfusion after crash syndrome,
hemolysis and disseminated intravascular coagulation.
It is often aggravated by concomitant metabolic
acidosis and is an additional cardiotoxic factor.

The diffusion and filtration rates during continuous
veno-venous hemofiltration (CVVHF) or CVVHF
dialysis permit one to correct azotemia, hyperkalemia
and metabolic parameters and control them later.l'! In
contrast to PD, constant or intermittent extracorporeal
therapy stabilizes and significantly reduces the
azotemia level earlier, quickly corrects hyperkalemia
and metabolic disorders, and provides clearance of
exo- and endotoxins.

Extracorporeal blood purification in adult and pediatric
MODS patients is used for both renal and extrarenal
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Figure 1: Hemodynamics parameters during peritoneal dialysis.
CVP: central venous pressure; Pla: left atrial pressure; MAP: mean
arterial pressure; LVEF: left ventricle ejection fraction

indications. Its elimination of medium-molecular
depressive factors, which are elevated in MODS
and sepsis,?® and correction of hyperkalemia and
azotemia prevent the development ofimmune paralysis
and uremic polyserositis. During extracorporeal
procedures, itis possible to normalize body temperature
and temperature balance as a whole.

The ability to perform the necessary volume of
infusion-transfusion therapy in anuria and tissue
hyperhydration without the risk of hypervolemia is
very important.

Because of the high risk of both hypo- and
hypercoagulation in cardiosurgery patients, choosing
the anticoagulation mode carefully is also very
important.

CVVHF IN CONJUNCTION WITH ECMO
IN CHILDREN WITH CRITICAL HEART
FAILURE AND ACUTE KIDNEY INJURY
AFTER CARDIAC SURGERY

Due to the significant expansion of cardiac
surgery worldwide, the number of ECMO patients
in the near postoperative period has increased
significantly. Severe cardiac and/or respiratory
failure is accompanied by cardiogenic shock
and hypoxia with MODS and AKI development.
These patients have hypervolemia and electrolyte
disorders (hyperkalemia, hypocalcemia, hypo- or
hypernatremia, tissue hyperhydration), which can
increase azotemia and metabolic disorders. Thus,
continuous hemofiltration in conjunction with ECMO
is a justified method of correcting the entire complex
of homeostatic disorders.["”

Many medical centers offer continuous RRT as
the most manageable and effective method.'s! We
chose CVVHF, which influences various aspects of
the pathogenesis of MODS, inhibits its development
and progression, and helps eliminate the medium
molecular weight substances, thereby contributing
to a decrease in inflammatory cascade activity.''” In
addition, the use of high volumes of replacement
liquids (more than 30-35 mL/kg/h) can be of great
importance for enhancing lymphatic transport between
the intercellular space, tissues and blood and for
reducing the activity of the inflammatory cascade.

The results of the treatment and its cost allow the
conclusion that CVVHF connected to an ECMO circuit
(single circuit) is relatively simple and has advantages
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We have shown the successful use of CVVHF in
conjunction with ECMO in children (more than 80
patients) who have undergone correction of complex
congenital heart defects.” This combination of
different techniques in a single extracorporeal
circuit allows the correction of water and electrolyte
disturbances, metabolic disorders and azotemia from
the first day of treatment. Moreover, the prescribed
ultrafiltration volume is calculated and programmed
according to the level of volemia in each specific
case. The determining factors are as follows: CVP
and Pla, pulmonary artery pressure, ventricular end-
diastolic volumes, the volume of necessary infusion
and transfusion therapy and nutritional support. Only
one day after connecting CVVHF to an ECMO circuit,
we observed a significant (P < 0.05) decrease in CVP
and Pla to 15 (14-17) and 16.5 (14-18.75) mmHg,
respectively. When CVP reached 8-12 mmHg and
Pla 10-14 mmHg, the RRT mode was switched to
isovolemic ultrafiltration [Figure 2].

Since a significant amount of liquid is exchanged
daily during CVVHF in conjunction with ECMO,
the use of automated volumetric control devices
(infusomats) is a prerequisite to avoid possible
errors and maintain clear liquid balance. It should
be noted that passive (non-automated) ultrafiltration
in CVVHF is always associated with an inaccurate
calculation of the liquid balance and is dangerous,
particularly in children weighing up to 10 kg.?"

According to the proposed scheme (CVVHF + ECMO
in single circuit), a substitute is administered in one of
the patient’s central veins (v. femoralis, v. subclavia
or v. jugularis) by means of infusomat. The type of
replacement solution is determined directly in each
case, depending on the level of potassium and other
blood electrolytes. As a substitute, we used crystalloid
solutions of Duosol (BBRAUN, Germany) with
bicarbonate buffer and variable potassium content
(2 or 4 mmol/L). The hemofiltration “dose” is set at a
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Figure 2: Dynamics of CVP and Pla during CVVHF in conjunction
with ECMO. CVP: central venous pressure; Pla: left atrial
pressure; CVVHF: continuous veno-venous hemofiltration; ECMO:
extracorporeal membrane oxygenation

rate of 20-40 mL/kg/h to ensure the required quality of
the procedure. Anticoagulation was carried out for the
combined ECMO and HF single circuit with the use of
unfractionated heparin; the activated clotting time was
maintained within 180-200 s.

The circuit lifetime should not exceed 48 h. Since the
aim of the CVVHF connection was to perform RRT, its
duration was determined by the dynamics of the renal
dysfunction and the clinical state of the child.

The use of methods of extracorporeal blood purification
should be considered a “bridge” to the recovery of
kidney function. Given the obvious need to control the
electrolyte, acid-base and water balance in patients
with AKI, the use of CVVHF may be considered a
method of supporting kidney function that is similar
to breathing assistance by mechanical ventilation
or cardiac and respiratory support by ECMO.!"%2"
The primary goal of RRT is to prevent undesirable
additional effects by reducing uremic intoxication and
maintaining the “internal environment” as close to
the physiological state as possible, without adversely
affecting the functions of the patient’s vital organs and
system. 2"

EXTRACORPOREAL BLOOD
PURIFICATION IN INTENSIVE CARE
PATIENTS WITH ACUTE LIVER FAILURE

Acute liver failure (ALF) is a rare but severe and
life-threatening condition in patients after cardiac
surgery. In most cases, ALF develops in the setting
of MODS. The frequency of MODS in patients after
cardiac surgery with CPB is relatively low, but the
occurrence of liver dysfunction increases mortality to
almost absolute values.?>?¥ Despite the progress of
conservative treatment for ALF and the development of
new therapeutic recommendations, blood purification
continues to play an important role in this case.
Extracorporeal methods have the ability to eliminate
both hydrophobic albumin-bound and water-soluble
substances, thereby limiting the extent of hepatocyte
damage and providing time for the organ’s recovery
or performing liver transplantation for the patient.’?5%¢
Extracorporeal therapy also helps achieve one of the
most important goals in this case -- increasing the
albumin binding capacity by eliminating albumin-bound
toxic substances.

Currently, there are two groups of extracorporeal
methods to support liver functions: the systems
containing cells (human or animal hepatocytes), and
techniques without biological substrates.
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Extracorporeal methods based on patient’s blood
perfusion through exogenous hepatocytes were not
widely used due to their high complexity and cost, the
insufficient cell mass for liver regeneration (= 400 g
would be needed) as well as low biocompatibility and
infection risk.

Modern extracorporeal blood purification methods
without using biological components comprise
high-volume plasma exchange, albumin dialysis
[Molecular Adsorbent Recirculating System (MARS®)],
single-pass albumin dialysis (SPAD) and methods
that combine plasma separation and adsorption
[Fractionated Plasma Separation and Adsorption
(FPSA) Prometheus®)].

In acute liver failure, plasma exchange provides a
reduction in bilirubinemia, but this is achieved only
at high exchange volumes (up to 10 L), and the lack
of specificity and high risk of allergic and infectious
complications reduce the benefits and limit the use
of this method.?"? SPAD therapy uses standard
equipment for kidney replacement therapy with a
highly porous membrane dialyzers and albumin
containing dialysis solutions to remove hydrophobic
substances.

The emergence of new hi-tech techniques, such as
albumin dialysis (MARS-therapy) and fractionated
plasma separation and adsorption (Prometheus-
therapy), allow optimistic results to be obtained with
complex intensive therapy for this severe category of
patients.?!

The beneficial effect of these procedures on clinical
and laboratory parameters is explained by the
removal of vasoactive substances and toxins, leading
to improvements in organ and tissue perfusion,
hemodynamic parameters and kidney function and
reducing portal hypertension, intracranial pressure
and hepatic encephalopathy.t%*" The experience from
implementing this therapy in adults allows the use of
extracorporeal liver support to be recommended in
pediatric practice.?***

MARS-therapy is a method of albumin dialysis that
uses a filter permeable to substances with a molecular
weight of up to 50 kDa. The toxins accumulated on
the filter membrane are subsequently bound to the
donor albumin used as a dialysate. Simultaneously,
the albumin dialysate is purified by passing through
activated carbon, anion exchange resin and a low-
permeability dialyzer, which provides a link between
the albumin circuit and the traditional bicarbonate-
based dialysis solution. Thus, the simultaneous
selective removal of albumin-bound and water-soluble

substances has become possible.?%!

The principle of Prometheus-therapy is based
on plasma separation on the AlbuFlow filter, the
membrane of which is permeable to molecules of
up to 250 kD, including albumin, clotting factors and
fibrinogen. Separated plasma regenerates when
it successively passes through absorbers with ion
exchange and neutral resin. Removal of low molecular
weight water soluble compounds is provided by the
performance of HF or HD. This technique is the most
effective for eliminating albumin-bound toxins such as
unconjugated bilirubin and bile acids.*"2®

In assessing the safety and efficacy of MARS and
Prometheus therapies in adult patients with ALF
after cardiac surgery, we analyzed the dynamics
of hydrophobic and hydrophilic toxic substance
concentrations as well as the severity of hepatocyte
cytolysis and the impairment of liver synthetic
function. A key aspect in the evaluation of MARS
and Prometheus liver support system safety in
patients after cardiac surgery was the absence of
a negative influence on hemodynamics and lung
oxygenation function. In evaluating the safety of
these systems, monitoring the dynamics of serum
albumin is recommended, which is important in the
setting of initial dysproteinemia in ALF and the use of
high permeability hemo- or plasma filters. According
to several authors, the serum albumin concentration
during MARS-therapy remains unchanged
because the diameter of the filter pores (50 kDa)
does not exceed the size of the albumin molecule
(65 kDa).***8l However, the albumin loss during
Prometheus-therapy can reach 3 g/L (P =0.055).13%
We observed no significant negative dynamics of
serum albumin [oscillations: 32 (30-35) and 30 (26-
35) g/L, P = 0.052, before and after MARS-therapy;
33 (31-34) and 31 (28-36) g/L, P =0.051, before and
after Prometheus-therapy], which is probably due to
the adequate routine correction of hypoproteinemia
in patients with ALF.B9 Likewise, despite published
data on the loss of coagulation factors during
Prometheus-therapy,“” we did not observe clinically
significant hemorrhagic complications.

The use of both liver support systems in cardio
surgical patients provided a significant reduction in
the total bilirubin concentration, and Prometheus-
therapy allowed the clearance of unconjugated
bilirubin. During MARS-therapy, the initial level of total
bilirubin was 230 (181-256) pmol/L whereas during
Prometheus-therapy, it was 333 (189-450) pmol/L;
the concentrations of unconjugated bilirubin were
103 (72-135) and 119 (74-166) pymol/L, respectively.
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Extracorporeal liver support provided a statistically
significant reduction in total bilirubin concentration
(8.6% for MARS-therapy (P = 0.028) and 33% for
Prometheus (P < 0.001)). Prometheus-therapy
also provided significant clearance of unconjugated
bilirubin (29%, P = 0.003).° These results agree with
data from other researchers, who reported a total
bilirubin reduction of 26-59% during Prometheus and
of 23% during albumin dialysis.*'*% Such differences
in reducing the level of total bilirubin are primarily due
to the technical characteristics of the membranes and
the different rates of perfusion and albumin dialysate/
plasma.

During our study, we noted positive dynamics of
the serum aminotransferase levels, which reflect
hepatocyte cytolysis. This trend indirectly indicated
a decrease in the degree of liver parenchyma lesion.
The decrease of ASAT and ALAT was 15.5% (P
= 1.0) and 43% (P = 0.31) during MARS-therapy,
respectively, and 8% (P = 0.79) and 26% (P = 0.0005)
during Prometheus-therapy, respectively. According
to foreign colleagues, Prometheus-therapy decreases
serum aminotransferase to 40-55% in patients with
predominantly toxic ALF."4

In our study, serum cholinesterase was the marker of
normalization of liver synthetic function. Its growing
concentration in the setting of extracorporeal liver
support suggests a positive effect of the treatment.
This conclusion is also confirmed by the observed
growth of the initially low level of antithrombin Il in
patients enrolled in the study [MARS-therapy: 31%
(30-33%), Prometheus-therapy: 51% (33-62%)]. Since
most of the patients were receiving RRT at the time
of enrollment, the baseline levels of azotemia and
ammonia were low. However, in spite of the performed
blood purification procedures, there were significant
positive changes of urea and creatinine levels, which
indicates that the efficiency of MARS and Prometheus
methods in eliminating water-soluble substances was
sufficiently high to allow their use in AKI and ALF in the
setting of MODS.[%¢44

According to many authors, the impact of
extracorporeal blood purification methods on survival
rate in ALF was statistically insignificant. However,
the results of multi-center prospective randomized
studies for this issue were ambiguous.

In the HELIOS study including 145 patients with
acute-on-chronic liver dysfunction receiving 8-10
Prometheus procedures, the increase in total survival
rate was statistically insignificant. However, the
subgroup of patients with the most severe condition,
i.e. with hepatorenal syndrome type | and MELD score

above 30, a statistically significant increase in survival
rate was found.”s! Taking such results into account,
we recommend to perform a differentiated evaluation
of extracorporeal therapy effectiveness, including its
effect on survival rate in specific patient subgroups.

At the AN. Bakulev NSPCCS, the MARS-therapy
method was successfully applied for the first time
in children with MODS after the radical correction
of congenital heart disease. Patients with MODS
developed severe hepatic failure along with heart (EF
< 40%, required inotropic support), respiratory and
renal failure. We observed the failure of conservative
therapy for hepatic insufficiency, progressive increases
in bilirubin (up to 500 uymol/L) and cytolytic syndrome
with an increase of ASAT and ALAT enzymes (more
than 200 U/L). During MARS-therapy, positive
dynamics were more evident in children than in adults.
The reduction of jaundice was noted at the end of the
procedure (duration: 16-18 h), which indicates the
effective elimination of bilirubin and bile acids. This
fact can be explained by the ratio of the child’s body
surface area to the sorption capacity of the columns
with activated carbon and ion-exchange resin.
For example, the total bilirubin decrease in a child
weighing less than 6 kg (age: 4 months) at the end was
approximately 75% and stayed constant over 12 h.
The unconjugated bilirubin decrease in this patient
amounted to 80% of the initial value, continued 12 h
later and reached almost 90%. Conjugated bilirubin
decreased less significantly: by 70% directly at the end
of the procedure and by 55% in 12 h [Figure 3].

As observed for other types of blood purification,
the liver support system’s effects on the circulatory
and respiratory systems are very important for using
these methods in intensive therapy for children after
cardiac surgery. By the end of MARS-therapy, MAP
exceeded 25% of the baseline, but the need for
inotropic support decreased.?%!

Due to the large heat loss during extracorporeal
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Figure 3: Dynamics of the fractions of bilirubin during molecular
adsorbent recirculating system-therapy (4-month patient)
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blood purification in children, it is important to prevent
hypothermia. Hypothermia can lead to cardiac output
decrease by peripheral vasospasm and an increase
in TPVR and post-load. To avoid heat loss during
MARS-therapy in children, it is necessary to use a
heat exchanger and other physical heating means
and to establish a high temperature (38-39 °C) on the
bicarbonate line."*

EXTRACORPOREAL BLOOD
PURIFICATION IN COMPLEX INTENSIVE
THERAPY FOR SEPSIS IN ADULT AND
PEDIATRIC PATIENTS AFTER OPEN-
HEART SURGERY

Sepsis and septic shock are among the most common
causes of death in critically ill patients in the ICU. Over
the last decade, clinics worldwide have noted a trend
towards a decrease in the frequency of Gram-positive
bacteria and an increase in the frequency of Gram-
negative bacteria within microbiological studies.

A structural component of the membrane of
gram-negative microorganisms is bacterial
lipopolysaccharide (or endotoxin), which is the main
trigger of both sepsis and a cascade of inflammatory
reactions.”® When entering the systemic bloodstream
from afocus of infection (e.g. pneumonia, mediastinitis)
or natural reservoir (for example, the gastrointestinal
tract, particularly after CPB), endotoxin interacts
with competent cells of the immune system as a
hormone and activates the synthesis of a wide
range of mediators. The excess production of which
determines the clinical manifestations of sepsis, such
as systemic endothelial damage, decreased vascular
tone, hypotension, cardiovascular hyporeactivity,
fever, microcirculatory disorder, activation of
hemostatic system factors, tissue hypoperfusion,
hypoxia and multi-organ failure.*”“® The development
of microcirculatory disorders and tissue hypoxia in the
gastrointestinal tract creates conditions for bacterial
translocation. Thus, the vicious circle initiated by
lipopolysaccharide is closed.! 5%

The pathogenic chain of septic development and
progression determines a need to develop and
introduce new promising technologies.”%1:5]

Modern methods of blood purification allow
etiopathogenic therapy application for sepsis: to
eliminate the etiotropic agent (endotoxin) by selective
lipopolysaccharide (LPS)-adsorption and to remove
the effector substances of systemic inflammation,
replacing the functions of the affected organs and
recovering the body’s homeostasis by coupled

plasmofiltration and adsorption (CPFA), convection
and filtration techniques using ultrahigh permeable
membranes. 354

Many authors have observed that LPS-adsorption
with PMX cartridges leads to a significant decrease
in endotoxin activity levels after two consecutive
procedures.®® Positive dynamics of the endotoxin
concentration (lowering by 38%) in patients with
abdominal sepsis and septic shock were demonstrated
in the European multicenter study “EUPHAS”.*! In the
MEDIC study conducted in Europe and North America
on ICU patients, selective LPS-adsorption led to a
decrease in the mean endotoxin activity assay (EAA)
level from 0.65 to 0.45 within 12 h after the procedure.
According to the authors, the average reduction of the
endotoxin concentration (26.1%) measured with the
EAA is equivalent to a 50-100-fold decrease in the
LPS level.*"

In the European multicentre trial, the EUPHAS trial,
28-day survival after DHP-PMX was 53% and 32%
in the study and control groups, respectively.”® The
assessment of retrospective data on using selective
LPS adsorption in 306 patients with severe sepsis
enrolled in the EUPHAS 2 ftrial indicated that 28-
day mortality was 35% and 49% in the group with
abdominal surgical pathology and in the group
with  non-abdominal pathology, respectively.
Similar results were observed in earlier published
Japanesel®*¢ and European studies®®” and in the
meta-analysis data regarding immobilized Polymyxin
B use efficacy during sepsis.26°

Our experience with combined application of various
techniques in a single circuit (LPS-adsorption +
CPFA and LPS-adsorption + HD/HDF using filters
with high cut-off membranes) showed their safety
and pathogenic efficiency.’*** The application of
convection and filtration techniques (CPFA, HDF
using filters with high cut-off membranes) allows
the correction of water-electrolyte and metabolic
disorders and azotemia, which often accompany
sepsis-associated MODS.[6467]

LPS-adsorption using Toraymyxin-PMX-20R
Polymyxin B immobilized fiber cartridges was found
to be effective, simultaneously acting through sorption
and apheresis on bacterial endotoxin, systemic

inflammatory mediators and activated immune
Ce||s_[59-61,68,69]

CPFA performs an immunomodulatory role by acting
on inflammatory mediators (interleukin-1p, -6, -8,
-10, -18, tumor necrosis factor-o. and others) via
various mass transfer mechanisms such as diffusion,
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convection and adsorption. The advantages of
CPFA include the passage of plasma (and not blood)
through the sorption column, which increases the
contact time with the sorption surface and improves
the efficiency of the procedure.’® 7"

HDF, which is carried out using filters with high cut-
off membranes (EMiC2, Fresenius, Germany; 40 kDa
cut-off), eliminates substances of low and medium
molecular weight without albumin or coagulation
factor loss. The permeability of these filters is similar
to that of the kidney glomerular basement membrane,
suggesting that the therapeutic effect of HDF is more
physiological.[.71-73I

Several studies have demonstrated the beneficial
effect of selective LPS-adsorption, HD/HDF (with high
cut-off membranes) and CPFA in sepsis.[°¢64¢6l

We proposed two new techniques of combined
blood purification methods in single circuit: (1)
LPS-adsorption + HDF using filters with high cut-
off membranes; and (2) LPS-adsorption + CPFA.
In the available literature, there was no information
about a similar extracorporeal therapy protocol for
sepsis in cardiac surgical patients. A study of adults
enrolled in these protocols, carried out at the A.N.
Bakulev NSPCCS in 2009-2016, showed the safety
and efficacy of the combined therapies mentioned
above.[r354

We observed that the combination of LPS-adsorption
and HDF filters with high cut-off EMiIC2 membranes
led to a 34% MAP increase [from 76 (65-81) to 90
(85-102) mmHg, P < 0.001] with reduced vasopressor
and inotropic support. The increase in MAP during
LPS-adsorption with  CPFA was 12% with the
significant decrease in vasopressor support [the dose
of noradrenaline was halved from 0.2 (0.15-0.3) to
0.1 (0.05-0.15) pg/kg/min, P = 0.024]. The improved
oxygenation was confirmed by an increase in the
oxygenation index increase (by 36% and 28% in LPS-
adsorption with HDF in single circuit using EMiC2
and LPS-adsorption with CPFA in single circuit,
respectively). One of the mechanisms that have a
favorable effect on blood oxygenation is a decrease in
the intensity of the infiltrative-inflammatory lung tissue
process during blood purification.

We also evaluated the efficiency of blood purification
in sepsis by monitoring the dynamics of EAA,
procalcitonin level, bacteriological blood and sputum
examination and the clinical state of patients during
the procedures. The obtained results showed a
decrease of 20% in EAA (from 0.74 to 0.59, P = 0.03)
and of approximately 70% in procalcitonin (from

8.2 to 2.44 pg/mL, P = 0.01) in patients with sepsis
after two procedures of combined LPS-adsorption
and HDF with EMIiC2. Similar dynamics of the
infectious markers were observed when conducting
LPS-adsorption with CPFA: EAA decreased by 30%
(from 0.77 to 0.53, P = 0.003) and procalcitonin
by 55% (from 6.23 to 2.83 pg/mL, P = 0.005). We
also observed positive dynamics in leukocytosis
and hyperthermia. Both variants of combined blood
purification contributed to decreases in C-reactive
protein (CRP) and pro-inflammatory cytokine levels,
thus confirming the decrease in the intensity of the
systemic inflammation response.®354

Including combined blood purification methods into
the complex therapy for sepsis allowed the results of
treatment to be optimized. The 28-day survival was
65% in the LPS-adsorption + HDF with EMiC2 group
and 75% in the LPS-adsorption + CPFA group.

The efficiency of the proposed concept of
etiopathogenetic extracorporeal therapy for gram-
negative sepsis is confirmed by the favorable results
obtained in cardiac surgical patients characterized
by their initially severe condition and more severe
course of septic complications. The combined
methods of blood purification can affect either the
starting factor in the early development of sepsis
by endotoxin removal or the subsequent release of
inflammatory mediators after immune cell activation.
These therapeutic methods also maintain vital organ
function in MODS development.

Our experience from using selective LPS-adsorption
in adult patients with sepsis allowed us to use this
method for sepsis treatment in children. Blood
purification in children with sepsis is limited to RRT
technologies. The principle of selective sorption use
in children is absolutely innovative. No information
was found in the database of the US National Library
of Medicine National Institutes of Health on the use
of selective LPS-adsorption for sepsis treatment in
children after cardiac surgery.

The application of the smaller volume and sorption
capacity of the Polymyxin B-immobilized cartridge
(Toraymyxin-PMX-0.5R) is a new and promising
extracorporeal technology that aims to reduce
mortality from sepsis in children. Experience in
selective endotoxin sorption is available only in
Japan, where a study group enrolled children with
abdominal pathology. The authors identified the safety
and high efficiency of using Toraymyxin-PMX-0.5R
cartridges.l579

Today, the A.N. Bakulev NSPCCS has gained initial
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Table 1: Changes of clinical and laboratory data before and after LPS-adsorptionin the children with sepsis

Indices Before After P
MAP, mmHg 65.5 (63.5-74.8) 80.5 (76.3-83.5) 0.012
HR, beats/min 141 (126-146) 135 (126-141) 0.19
Epinephrine, pg/kg/min 0.05 (0.048-0.07) 0.05 (0.05-0.06) 0.92
Body temperature, °C 37.9 (36.2-38.5) 36.8 (36.6-37.1) 0.07
WBC, 10°/L 13.3 (9.2-20.1) 11.5 (9.4-20.4) 0.65
PLT, 10°/L 164 (81-257) 132 (67-253) 0.5
PCT, ng/mL 5.11 (2.48-19.48) 1.24 (0.76-2.14) 0.11
EAA 0.75 (0.68-0.97) 0.6 (0.33-0.8) 0.013
Presepsin, pg/mL 914 (673-2,812) 525 (288-3,343) 0.44
CRP, mg/dL 3.41 (1.37-5.95) 1.5 (1.04-8.67) 1.0

LPS: lipopolysaccharide; MAP: mean arterial pressure; HR: heart rate;

procalcitonin; EAA: endotoxin activity assay

experience with selective LPS-adsorption for sepsis
treatment in children after congenital heart disease
correction with cardiopulmonary bypass. Selective
endotoxin adsorption was carried out using Polymyxin
B-immobilized cartridges (Toraymyxin-PMX-0.5R).
Ten children aged 9-48 months and weighing 6.2-14 kg
received this procedure. In 8 cases, the infection
source was ventilator-associated pneumonia, and in
1 case, it was mediastinitis and pleural empyema, and
in 1 patient infected by bacterial translocation from the
gut after the ECMO procedures (duration of 5 days)
and dysfunction of gut. Gram-negative etiology in all
cases was confirmed by microbiological examination
of blood and of bronchoalveolar lavage fluid (sputum).
The decision to include selective LPS-adsorption in
complex therapy was made on the basis of clinical and
laboratory data by a council of physicians. This study
was approved by the Local Ethics Committee of the
A.N. Bakulev NSPCCS.

Children before LPS-adsorption have clinical and
laboratory signs of sepsis, hyperthermia (38.7-
39.5 °C), leukocytosis/leucopenia 3.3-21 x 10°L,
subcompensated disseminated intravascular
coagulation syndrome (D-dimer 530-1,580 ng/mL),
procalcitonin 6.5-130 ng/mL, presepsin 415-1,300
pg/mL, EAA 0.6-1.0, and high levels of CRP. The
cardiopulmonary component prevails in the structure
of organ failure, which requires multicomponent
inotropic and/or vasopressor support and mechanical
ventilation with high positive end expiratory pressure.
Two children required RRT, daily intermittent
hemodialysis, which used polysulphone high-flux
membrane filters (AVpaed, Fresenius, Germany).

The results of this pilot study showed an improvement
in hemodynamic and oxygenation indices, a tendency
for leukocytosis and body temperature to decrease,
positive X-ray dynamics and negative microbiological
examination results. After LPS-adsorption, we noted
decreases in the endotoxin level, procalcitonin and
CRP [Table 1]. Statistical analyses were performed
with SPSS software, version 20 (SPSS, Inc., USA).

WBC: white blood cell; CRP: C-reactive protein; PLT: platelet; PCT:

The results are expressed as the median and
interquartile range. The critical level of significance
was set at 0.05. Nine patients were discharged, and
one patient died of cerebral edema and MODS after
repeated emergency surgery due to the development
of an acute fistula of the prosthetic mitral valve.

Other authors also reported that this blood purification
method in children has no side effects.>"% Our results
suggest that selective LPS-adsorption in children
from middle childhood is clinically effective and safe.
Endotoxin adsorption using Polymyxin B cartridges is
one of the promising methods in children.

In this article, we briefly discussed some aspects
of blood purification in the ICU of a cardiac surgery
hospital. Over the last several decades, there have
been huge changes in extracorporeal therapy use for
critically ill patients. This is due to the proven efficiency
of these methods in many pathological conditions
and the emergence of new promising technologies.
The availability of appropriate equipment and trained
medical staff limiting the wide use of extracorporeal
blood purification, especially in pediatric intensive care
where it seems so complicated, is a thing of the past.
The only issue that preserves a degree of technical
complexity is creating adequate vascular access in a
child and providing the possibility of performing the full-
dose extracorporeal therapy according to the protocol
and the assigned clinical tasks. Of course, we await
the results of new multicenter randomized trials and its
application for practical goals of blood purification in
specific pathological conditions and clinical situations,
particularly in MODS. These results will allow the most
appropriate time for the initiation of blood purification
to be determined, valid indications to be developed
and its efficiency to be proven (convective or diffusive,
continuous or intermittent, sorption or apheresis) in
critically ill patients after high-risk surgery.
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