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ABSTRACT

Introduction: Sepsis is the most common cause of acute 

renal failure in intensive care units.

Aim: Th is study aimed to analyse the etiopathogenesis 

of sepsis and the clinical signifi cance of early detection and 

timely treatment of sepsis in intensive care units. 

Method: We analysed literature and clinical studies ad-

dressing the pathogenesis, diagnosis and treatment of sepsis 

syndrome.

Results: Th ere was a 1.5% increase in the number of pa-

tients with sepsis over one year. Severe sepsis is defi ned as 

sepsis with hypotension, hypoperfusion and organ dysfunc-

tion. Sepsis is characterised by activation of the patient’s im-

mune system and enhancement of the creation of mediators 

that play an important role in the development of multiple 

organ system failure in patients with sepsis. Th e strategy for 

preventing acute renal failure in patients with sepsis includes 

early targeted therapy (in the fi rst 6 hours), which consists of 

an early increase in blood volume circulating fl uids (at least 

20 ml/kg crystalloid in the fi rst hour). Initial therapy should 

be achieved by central venous pressure of 8-12 mmHg, mean 

arterial blood pressure greater than 65 mmHg, urine output 

greater than 0.5 ml/kg/h and mixed venous blood saturation 

of oxygen greater than 70%. Th e ventilation strategy to protect 

the lungs and kidneys in patients on mechanical ventilation 

includes a tidal volume of 6 ml/kg and an end-inspiratory 

pressure plateau less than 30 cmH
2
O. To remove a mediator 

from the serum of patients, high-volume haemofi ltration and 

continuous haemodiafi ltration with PMMA are used. 

Conclusion: Early follow-up and early implementation 

of targeted therapies play a key role in preventing the devel-

opment of acute heart and kidney damage.  

Key words: sepsis, cardio-renal syndrome, dialysis 

therapy

SAŽETAK

Uvod. Sepsa je najčešći uzrok akutnog oštećenja bubrega 

u jedinicama intenzivnog lečenja.

Cilj. Rad je imao za cilj da analizira etiopatogenezu sep-

se i klinički značaj ranog otkrivanja i pravovremenog lečenja 

sepse kod bolesnika u jedinicama intenzivnog lečenja. 

Metodologija. Analizirani su stručni radovi i kliničke 

studije koje se bave etiopatogenezom, dijagnostikovanjem i 

lečenjem sindroma sepse.

Rezultati. Jednogodišnja stopa porasta broja bolesnika sa 

sepsom iznosi 1.5%. Teška sepsa se defi niše kao sepsa sa hipo-

tenzijom, hipoperfuzijom i poremećajem funkcije organa. Sepsa 

se odlikuje aktivacijom imunskog sistema bolesnika i pojača-

nim stvaranjem pro- i antiinfl amatornih medijatora. Pojačan 

i neregulisan odgovor imunskog sistema i pojačano stvaranje 

medijatora imaju značajnu ulogu u razvoju insufi cijencije više 

sistema organa kod bolesnika sa sepsom. Strategija za prevenci-

ju razvoja akutnog oštećenja bubrega kod bolesnika sa sepsom 

uključuje ranu ciljnu terapiju (u prvih 6 sati), koja se sastoji u 

ranoj pojačanoj nadoknadi zapremine krvi u cirkulaciji tečno-

stima (najmanje 20 ml/kg kristaloida u prvom satu). Početnom 

terapijom treba da se postigne centralni venski pritisak od 8-12 

mmHg, srednji arterijski krvni pritisak veći od 65 mmHg, diu-

reza veća od 0.5 ml/kg/h i zasićenost centralne venske krvi ki-

seonikom veća od 70%. Strategija ventilacije za zaštitu pluća i 

bubrega kod bolesnika na mehaničkoj ventilaciji uključuje tajdl 

volumen od 6 ml/kg i pritisak end-inspiratornog platoa manji 

od 30 cmH
2
O. Za odstranjivanje medijatora iz seruma bolesni-

ka koriste se visoko-volumenska hemofi ltracija i kontinuirana 

hemodijafi ltracija sa PMMA membranom.

Zaključak. Rano praćenje bolesnika i primena rane cilj-

ne terapije imaju ključnu ulogu u sprečavanju razvoja akut-

nog oštećenja srca i bubrega.

Ključne reči: sepsa, kardio-renalni sindrom, dijalizna 

terapija
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INTRODUCTION

Cardiorenal syndrome is a pathophysiological disorder 

of the heart and kidneys, where acute or chronic dysfunc-

tion of one organ stimulates acute or chronic dysfunction 

in the other [1-6]. We distinguish five types of cardiorenal 

syndrome, of which Type 5 CRS causes severe sepsis and 

septic shock and leads to acute disorders of the heart and 

kidneys (septic cardiorenal syndrome) [1-6]. Due to the 

complexity and severity of acute kidney injury (AKI) (sep-

sis and multiple organ dysfunction syndrome), patients in 

intensive care units require a team approach, skilled staff 

and technical equippedness, continuous and enhanced 

cooperation between a nephrologist and intensivist an-

aesthesiologist and the use of a new treatment plan, which 

includes multiple organ support therapy [7]. Several of the 

main tasks of an intensivist physician in the ICU include 

detecting sepsis early, treating septic patients by achieving 

optimal blood volume status and preventing the develop-

ment of cardiorenal syndrome [7]. 

 

Sepsis: definition, aetiopathogenesis

and clinical significance 

Sepsis is a serious clinical syndrome in medicine and a 

major health problem in both developed and underdevel-

oped countries. The number of septic patients has grown 

by 1.5% in the past year, and 934,000 patients in the USA 

developed sepsis in 2010. Regardless of technological ad-

vances (dialysis supportive therapy, respiratory supportive 

therapy), the mortality rate of patients with severe sepsis 

remains high at 30-50%, and the cost of one-year treatment 

of such patients exceeds 50 trillion USD [8].

Definition

Bacteraemia is the presence of bacteria in the patient’s 

blood. A patient`s response to an infection is systemic in-

flammatory response syndrome (SIRS) and is defined as 

the presence of two or more related criteria: body temper-

ature > 380C or < 360C, heart rate > 90 beats per minute, 

respiratory rate > 20 breaths per minute or arterial par-

tial pressure of pCO
2
 less than 32 mmHg, white blood cell 

count > 12 x 109/mL or < 4 x 109/mL or > 10% immature 

neutrophils (band forms) [9, 10]. Sepsis is defined as SIRS 

with a confirmed infection. Severe sepsis is defined as sep-

sis accompanied with hypotension, hypoperfusion, organ 

dysfunction (serum lactate > 2 mmol/L), altered mental 

status, capillary volume recharge ≥ 3 s, diuresis < 0.5 mL 

/kg/h, serum creatinine levels increase of ≥ 26.4 μmol/L, 

platelet count < 100 x 109/mL or disseminated intravas-

cular coagulopathy, acute lung injury/acute respiratory 

distress syndrome and heart disorder (cardiac index < 2.2 

L/min/m2) [9, 10]. Septic shock is defined as severe sepsis 

with hypotension, with no improvement following intrave-

nous infusion therapy (i.e., restoring fluid volume in circu-

lation), evidence for hypoperfusion or organ dysfunction, 

mean arterial blood pressure < 60 mmHg (< 80 mmHg in 

previously hypertensive patients) after crystalloids infusion 

(0.9% saline) in the dose range of 40-60 mL/kg in the first 

hour or pulmonary capillary filling pressure in the range 

of 12-20 mmHg and the need for dopamine > 5 μg/kg/min 

or epinephrine < 0.25 μg/kg/min to maintain mean arte-

rial blood pressure > 60 mmHg (> 80 mmHg in previously 

hypertensive patients). Refractory septic shock is defined 

as the need for dopamine > 15 μg/kg/min or epinephrine 

> 0.25 μg/kg/min to maintain mean arterial blood pressure 

> 60 mmHg (> 80 mmHg in previously hypertensive pa-

tients) [9, 10]. 

Etiopathogenesis

Sepsis is a serious medical condition characterised 

by the activation of the patient’s immune system and en-

hanced production of pro- and anti-inflammatory media-

tors [11]. The initial patient response to infection (i.e., the 

interplay between host and microbial agent) is followed by 

an increased and unregulated immune system response, 

increased production of proinflammatory mediators such 

as interleukin-1 (IL-1), interleukin-6 (IL-6), interleukin-8 

(IL-8) and tumour necrosis factor-alpha (TNF-α), and  

haemodynamic instability accompanied by reduced renal 

blood flow [11]. The proinflammatory phase is then re-

placed by the compensatory anti-inflammatory response 

phase, which blocks the immune system and is character-

ised by the reduced proliferation and increased apoptosis of 

lymphocytes, decreased chemotaxis, reduced phagocyto-

sis and increased production of interleukin-10 (IL-10) [11]. 

The highest concentration of serum mediators (presump-

tion of mediator “peak levels”) plays an important part in 

the pathogenesis of multiple organ dysfunction syndrome 

in patients with severe sepsis [12-15]. Extracorporeal 

blood cleansing techniques such as high-volume continu-

ous veno-venous haemofiltration (HVHF) and continuous 

veno-venous haemodiafiltration using PMMA membrane 

(PMMA-CHDF) improve the patient’s haemodynamic sta-

tus, reduce the need for vasopressors, restore the balance 

of immune system response (i.e., the balance between pro- 

and anti-inflammatory mediators), reduce the concentra-

tion of cell apoptosis-inducing mediators and improve sur-

vival in patients with severe sepsis [12-15].  

Type 5 Cardiorenal Syndrome:

Mechanisms of Aetiopathogenesis

The relationship between heart and kidneys is impor-

tant for regulating the volume of arterial blood , which pro-

vides blood flow and oxygen supply to the bodily tissues 

[16-18]. Endothelial dysfunction, arterial vasodilation, de-

creased myocardial function and reduced blood volume in 

the arterial circulation, which normally enables  renal per-

fusion, play a major role in causing septic cardiorenal syn-

drome [16-18]. A reduction in arterial blood volume may 

occur due to reduced heart rate and/or arterial vasodilation 

[16-18]. In patients with severe sepsis and septic shock, de-

creased renal blood flow is caused by arterial vasodilata-
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tion, due to increased production of nitrogen oxides (NO), 

and decreased myocardial function (increased myocardial 

concentrations of cytokines/myocardial inflammation and 

elevated levels of NO in the myocardium) [16-18]. De-

creased renal blood flow (reduced blood volume in the ar-

terial circulation, which normally enables renal perfusion) 

leads to ischaemia of the renal tubular epithelial cells and 

the development of acute kidney injury (ischaemic acute 

tubular necrosis) [16-18]. Acute kidney injury and fluid 

retention in the body have an adverse effect on myocar-

dial function and thus trigger a vicious cycle of kidney and 

heart disorders [16-18].

Type 5 Cardiorenal syndrome: Diagnosis

Sepsis biomarkers

Leukocyte count and C-reactive protein levels are the 

“gold standard” for diagnosing infection. Normal concen-

trations of serum procalcitonin are < 0.05 ng/mL  and in-

creases in severe bacterial infections with systemic mani-

festations [19]. A serum procalcitonin level below 0.5 ng/

mL indicates a possible local infection and inflammation, 

the absence of a significant inflammatory response and a 

low risk of progression to severe systemic infection (severe 

sepsis). Procalcitonin concentrations should be remea-

sured at 6- to 24-hour intervals due to the possibility of 

disease development [19]. With serum procalcitonin con-

centrations ranging from 0.5-2.0 ng/mL, systemic infec-

tion (sepsis) is possible, systemic inflammatory response is 

moderate, and the risk of a progression to severe systemic 

infection (severe sepsis) is moderate as well. Procalcitonin 

testing is recommended at 6-24 hours after the last mea-

surement [19]. Serum procalcitonin concentrations rang-

ing from 2-10 ng/mL indicate systemic infection, severe 

systemic inflammatory response and a high risk of pro-

gression to severe systemic infection (severe sepsis). Daily 

procalcitonin measurements are recommended [19]. Pro-

calcitonin values ≥ 10 ng/mL indicate pronounced system-

ic inflammatory response, severe sepsis and septic shock, 

as well as possible multiple organ dysfunction syndrome 

and a high risk of death. Daily procalcitonin measurements 

are recommended [19].

Cardiac injury biomarkers

Determination of the natriuretic peptides BNP and 

NT-proBNP is needed to diagnose heart failure [20-24]. In 

patients suffering from chronic kidney disease, serum BNP 

and NT-proBNP concentrations may be increased, even if 

clinical manifestation of heart failure is absent due to re-

duced renal function through decreased renal clearance 

of natriuretic peptides, myocardial scarring and thicken-

ing of the left ventricular wall [20-24]. In patients whose 

endogenous creatinine clearance is ≥ 60 mL/min/1.73 m2, 

BNP values greater than 100 pg/mL and NT-proBNP val-

ues greater than 300 pg/mL indicate heart failure. If en-

dogenous creatinine clearance is < 60 mL/min/1.73 m2, 

then BNP values greater than 200 pg/mL and NT-proBNP 

values greater than 1200 pg/mL indicate heart failure [20-

24]. Cardiac troponins (cTnI/cTnT) are biomarkers used 

to demonstrate ischaemia-induced myocardial injury [24, 

25]. An increase in serum troponin I of ≥ 20% from base-

line indicates ischaemic damage to cardiac cells (cardio-

myocytes), while values   ≥ 2.0 ng/mL indicate the develop-

ment of acute myocardial infarction [24, 25]. 

Renal injury biomarkers

In the last decade, a number of biomarkers for the early 

detection of acute kidney injure were discovered: interleu-

kin-18, a kidney injury protein called KIM-1 (kidney injury 

molecule-1), NGAL (neutrophil gelatinosa-associated li-

pocalin) and cystatin C [23-25]. Lipocalin is used in clinical 

practice. NGAL values in urine in excess of 100 ng/mL two 

hours after initial event indicate a development of acute 

kidney damage [23-25]. Cystatin C is a cysteine protease 

blocker filtered in the glomeruli and completely reabsorbed 

by proximal tubular epithelial renal cells. An increase in 

cystatin C serum concentrations over 0.3 mg/L in the first 

48 hours from the initial event, when compared to baseline, 

is indicative of the development of acute kidney injury. An 

increase in the cystatin C serum concentration occurs 1-2 

days prior to an increase in serum creatinine, indicating 

that cystatin C is a more sensitive parameter for the detec-

tion of acute kidney injury compared to creatinine[23-25]. 

Monitoring of patients with severe sepsis

and septic shock

Patients in intensive care units require monitoring of 

infection parameters (e.g., WBC, CRP, procalcitonin), hae-

modynamic status parameters (e.g., mean arterial blood 

pressure, central venous pressure [CVP] or internal jugu-

lar vein catheterisation, central venous oxygen saturation 

[ScvO
2
], pulmonary capillary wedge pressure [PCWP] or  

pulmonary artery catheterisation), perfusion parameters 

and organ dysfunction (e.g., serum lactate concentrations, 

cardiac index [CI], left ventricular ejection fraction [EF], 

diuresis, serum creatinine concentration, platelet count, 

D-dimer, protein C, coagulation status [PT, aPTT, INR]) 

[26, 27].

Treatment of Type 5 Cardiorenal Syndrome

Strategic approach to prevention of

acute renal injury in sepsis

Guidelines for the management of severe sepsis high-

light the importance of early detection and timely admin-

istration of initial treatment within the first six hours of 

symptom onset to stop the septic cascade. Initial treat-

ment should achieve a central venous pressure (CVP) of 

8-12 mmHg, mean arterial blood pressure (MAP) greater 

than 65 mmHg, diuresis greater than 0.5 mL/kg/h and cen-

tral venous oxygen saturation greater than 70% [28-32]. 

The treatment strategy for preventing the development of 

acute kidney injury includes early goal-directed therapy 
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(EGDT), which consists of increased early compensation 

of blood volume in fluid circulation (i.e., at least 20 mL/kg 

of crystalloids in the first hour of admission followed by 

500 mL crystalloids every 60 minutes in first 6 hours until 

a central venous pressure of 8 to 12 mmHg is reached) 

with strict monitoring of patient response [28-32]. When 

adequate compensation of the circulating blood volume 

(3000 mL crystalloids) does not lead to increased blood 

pressure (MAP < 65 mmHg) and adequate tissue perfu-

sion, a vasopressor treatment is used (dopamine or epi-

nephrine vasopressor therapy) while inotropic therapy 

(dobutamine) is used when the cardiac index is reduced 

(CI < 2.2 L/min/m2)  [28-32]. The saturation of central 

venous blood reflects a balance in oxygen transport and 

oxygen consumption; thus, when saturation falls below 

70%, even after CVP and MAP are normalised and hae-

matocrit levels are less than 30%, a transfusion of packed 

red blood cells should be administered [27-32]. In tertiary 

health care institutions, EGDT is administered in the clin-

ical practice by only 7% of physicians attending to ICU pa-

tients. Training of health care professionals in ICUs plays 

an important part in the use of early goal-directed therapy 

in septic patients [28-32].

Sepsis treatment

Intravenous antibiotic therapy should be initiated im-

mediately within the first hour of determining sepsis 

symptoms and following the collection of peripheral blood 

samples. Effects of antibiotic therapy should be evaluated 

after 48-72 hours using microbiological and clinical data, 

and antibiotic drugs should be used in accordance with 

the antibiogram. Source of infection (e.g., abscess, infected 

necrotic tissue, gastrointestinal perforation) should be re-

moved as soon as possible using the least aggressive surgi-

cal method in accordance with adequate patient care [28]. 

Additional therapies used in the treatment of severe 

sepsis and septic shock include corticosteroids and recom-

binant human activated protein C (rhAPC - drotrecogin 

alfa). Intravenous corticosteroids are recommended in pa-

tients with septic shock with relative adrenal insufficiency, 

as indicated by a cortisol increase of less than 9 μg/dL af-

ter the application of 250 μg adrenocorticotropic hormone 

(ACTH)  [28]. Hydrocortisone at 50 mg IV q6h for 5 days 

is to be administered, and the dose should be gradually 

decreased to 50 mg IV q12h through 6-8 days, followed 

by an increase to 50 mg IV q24h through 9-11 days [28]. 

Recombinant human activated protein C (rhAPC) exerts 

anti-thrombotic, profibrinolytic, anti-inflammatory and 

cytoprotective effects [28, 32-34]. It is used in patients with 

sepsis and multiple organ dysfunction syndrome (MODS) 

or in patients suffering from septic shock with high risk of 

death (APACHE score > 25) when there is no absolute con-

traindication due to bleeding (i.e., active internal bleeding, 

cerebral bleeding in the last three months) at a dose of 24 

μg/kg/h for 96 h as an IV infusion [28, 33-35]. 

Frequent glucose control as well asand continued glu-

cose and insulin infusion to achieve a target blood glucose 

level of 6-9 mmol/L are recommended. Lactic acidosis 

treatment includes bicarbonate therapy when arterial 

blood pH decreases below 7.15. Stress ulcer prophylaxis is 

achieved by hydrogen receptor blockers. Unfractionated 

heparin and low molecular weight heparin (LMWH) are 

used for the prevention of deep vein thrombosis in ade-

quate dose monitoring  (anti-factor Xa activity) [28, 33].

In patients in intensive care units suffering from severe 

sepsis and septic shock, acute lung injury and acute kidney 

injury may occur simultaneously (i.e., multiple organ dys-

function syndrome). Acute lung injury (ALI) (arterial oxygen 

tension PaO
2
 and fractional inspired oxygen FiO

2
 ratio below 

300), acute respiratory distress syndrome (ARDS) (PaO
2
/FiO

2 

ratio below 200) and mechanical ventilation contribute to the 

development of acute kidney injury (direct interconnected-

ness between lungs and kidneys) [36-38]. Positive pressure 

ventilation (PPV) (mechanical ventilation) lowers renal per-

fusion with its haemodynamic and non-haemodynamic ef-

fects. Positive pressure ventilation increases the pressure in the 

chest cavity and decreases venous return (preload reduced), 

resulting in decreased heart rate and cardiac output and, con-

sequently, the activation of neurohormonal systems, such as 

the renin-angiotensin-aldosterone system, sympathetic nerv-

ous system and non-osmotic vasopressin system, release and 

ANP production. Finally, the activation of neurohormonal 

systems will reduce renal blood flow, decrease glomerular 

filtration rate (GFR), and increase sodium and water reten-

tion in the patient’s body [36-38]. Patients in septic shock with 

acute respiratory failure should undergo protective lung ven-

tilation using low respiratory volume (tidal volume of 6 mL/

kg of ideal body weight), with end-inspiratory pressure pla-

teau below 30 cmH
2
O, while using the smallest positive end-

expiratory pressure (positive end-expiratory pressure - PEEP) 

to achieve satisfactory oxygenation [36-38]. 

Methods of extracorporeal blood cleansing

in septic patients

Sepsis is the leading cause of death in intensive care 

units. Treatment using extracorporeal blood cleansing 

techniques change a patient’s immune response to the 

infection by non-selectively removing inflammatory me-

diators and toxins/bacterial products [39]. Endotoxins and 

other bacterial products (e.g., lipopolysaccharide [LPS], 

peptidoglycan, flagellin) stimulate increased production 

and release of cytokines into the serum of septic patients 

(“cytokine theory”). Increased concentrations of serum 

cytokines play an important part in the development of 

multiple organ dysfunction syndrome (MODS) (the as-

sumption of “peak levels”). Removal of cytokines from a 

septic patient’s serum significantly improves renal and pa-

tient outcomes. The two most important extracorporeal 

cleansing techniques for cytokine blood removal are high-

volume continuous veno-venous haemofiltration (HVHF) 

and continuous veno-venous haemodiafiltration using a 

polymethylmethacrylate membrane haemofilter (PMMA-

CDHF) [39]. 
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Treatment initiation time for dialysis

supportive therapy

In patients with AKI, it is necessary to assess the sever-

ity of injury and the presence of absolute indications for 

treatment with renal replacement therapy (RRT) (dialysis 

supportive therapy). Absolute indications for initiation of 

dialysis treatment include: serum urea concentration ≥ 36 

mmol/L, complications of uraemia (uremic encephalopa-

thy, uremic pericarditis), resistant hyperkalaemia (K+ > 6.5 

mmol/L with or without electrocardiographic changes), 

hypermagnesaemia (Mg2+ ≥ 4.0 mmol/L and absence of 

deep tendon reflexes), severe metabolic acidosis (arterial 

blood pH ≤ 7.15) and volume overload (pulmonary oe-

dema) resistant to diuretics in the presence of oligoanuric 

AKI [40]. In patients with severe AKI (RIFLE-F or AKIN 

III), initiation of dialysis supportive therapy is to be con-

sidered, and increased monitoring and treatment is recom-

mended in those with mild/moderate AKI (RIFLE-R or I, 

AKIN I or II). Prior to making a decision to initiate RRT 

treatment in patients with mild or moderate renal injury, 

the treatment objectives, primary diagnosis, severity of the 

patient’s clinical condition, renal functional reserve and 

the need to prevent development of complications should 

be taken into account. In patients with sepsis (high catabo-

lism), there is a potential benefit of early initiation of di-

alysis treatment [40]. When making the decision to start 

dialysis treatment with supportive therapy, clinical condi-

tions that adversely affect renal function in ICU patients, 

such as increased intra-abdominal pressure, mechanical 

positive pressure ventilation and use of nephrotoxins and 

radiocontrast agents, should be considered [40].

Selecting modes of dialysis supportive therapy 

Patients with AKI are treated with numerous dialysis 

modalities, employed to remove uremic toxins and sub-

stances from the blood using mechanisms of diffusion 

(peritoneal dialysis, standard haemodialysis, slow low effi-

ciency dialysis [SLEDD], continuous veno-venous haemo-

dialysis), convection (intermittent haemofiltration, contin-

uous veno-venous haemofiltration [CVVHF], continuous 

veno-venous high-volume haemofiltration [HVHF]), a 

combination of diffusion and convection (intermittent hae-

modiafiltration, slow low-efficiency diafiltration [SLEDDf], 

continuous veno-venous haemodiafiltration [CVVHDF]) 

and adsorption (continuous veno-venous haemodiafiltra-

tion using a polymethylmethacrylate membrane haemofil-

ter [PMMA-CHDF]) [41-49]. 

Intermittent haemodialysis is performed in patients 

who are haemodynamically stable, with high levels of 

nitrogen and severe hyperkalaemia, and in patients with 

an increased risk of bleeding. Individual session doses 

for conventional intermittent (3 times per week) and en-

hanced intermittent (6 time per week) haemodialysis are 

single pool Kt/V index ≥ 1.2 [47, 48]. Intermittent hae-

modialysis has little impact on most of the major inflam-

matory cytokines. Hybrid modes of dialysis therapy, such 

as slow low-efficiency dialysis (SLEDD), provide excel-

lent clearance of low molecular weight uraemic toxins, 

moderate clearance of medium molecular weight uremic 

toxins and good haemodynamic stability of patients [47, 

48]. Individual session doses for conventional SLEDD (3 

times per week for 6-12 hrs) and enhanced SLEDD (6 

times per week for 6-12 hrs) are a single pool Kt/V in-

dex ≥ 1.2 (single pool Kt/V index = 1.2-1.4) [47, 48]. SSC 

(Surviving Sepsis Campaign) guidelines recommend that, 

in the absence of haemodynamic instability, intermittent 

and continuous dialysis treatment modalities should be 

equally considered [49]. Haemodynamically unstable pa-

tients (septic shock) in intensive care units suffering from 

AKI, with multiple organ dysfunction syndrome, elevated 

levels of serum cytokines (interleukin-6 concentrations ≥ 

1000 pg/mL), increased catabolism and hypervolaemia 

require treatment modalities of continuous renal replace-

ment therapy (CRRT) [41-49]. 

Most immune system mediators are substances of me-

dium molecular weight (5-50 kD), soluble in water and 

removable using continuous renal replacement modali-

ties. The standard dialysis dose in continuous veno-venous 

haemofiltration (CVVHF) and continuous veno-venous 

haemodiafiltration (CVVHDF) is 20-30 mL/kg/h, while 

in patients with sepsis and acute kidney injury the dose of 

continuous dialysis modality should be 35 mL/kg/h [41-45, 

50, 51]. High-volume continuous veno-venous haemofil-

tration (HVHF) is used for the removal of pro- and anti-

inflammatory mediators, due to the high convective trans-

port, at > 35 mL/kg/h. It may be used continuously, with an 

ultrafiltration rate of 50-70 mL/kg/h (35-80 mL/kg/h) over 

24 hours, or as pulse high-volume haemofiltration, with 

an ultrafiltration rate of 85-100 mL/kg/h (100-120 mL/

kg/h) over 4-8 hours, followed by the standard dose after-

wards [48-50]. High-volume haemofiltration significantly 

reduces the concentration of inflammatory mediators and 

restores the balance between inflammatory syndrome and 

compensatory anti-inflammatory systemic responses [41-

45, 50, 51]. 

Continuous veno-venous haemodiafiltration with 

PMMA membrane (PMMA-CHDF) is administered within 

24 hours of developing septic shock, and it removes cytok-

ines via the adsorption process to the dialysis membrane 

matrix (i.e., cytokine adsorption to highly specific mem-

branes/membranes with high cytokine removal capacity). 

It is effective in the treatment of clinical conditions asso-

ciated with increased concentration of serum cytokines 

(interleukin-6 concentrations 6 ≥ 1000 pg/mL), such as 

septic shock, multiple organ dysfunction syndrome caused 

by sepsis, acute respiratory distress syndrome and severe 

acute pancreatitis [41-45, 50, 51]. The results of clinical 

trials (EUPHAS Study) show that PMMA-CHDF is more 

effective in cleansing blood of patients with severe sepsis 

and septic shock compared to PMX-DHP (Polymyxin-B di-

rect haemoperfusion), which plays an important part in the 

removal of endotoxin (lipopolysaccharide) from the blood 

of septic patients [41-45, 50, 51]. 
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Continuous modalities of dialysis supportive therapy 

should provide haemodynamic stability and homeostasis 

of the immune system. It provides an opportunity to use 

CRRT not only as supportive therapy, but also but also as 

a treatment to prevent injury progression and the devel-

opment of multiple organ dysfunction syndrome in septic 

patients [50, 51]. 

Conclusion

The early identification of patients at increased risk for 

developing acute kidney injury and timely implementation 

of an appropriate treatment plan can prevent the devel-

opment of acute kidney injury and reduce morbidity and 

mortality in septic patients. Haemodynamically unstable 

patients (septic shock) in intensive care units suffering 

from acute kidney injury, on mechanical respiration, with 

multiple organ dysfunction syndrome, elevated levels of 

serum cytokines, increased catabolism and hypervolaemia 

require treatment modalities of continuous renal replace-

ment therapy. Well-controlled, prospective, randomised 

clinical trials should more precisely determine the place 

and role of various modalities of dialysis therapy in pa-

tients with sepsis and AKI in intensive care units.
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