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Abstract

Acute kidney injury is one on the most frequent and clinically important of all postoperative complications in the
cardiac surgery setting. It is estimated that almost half of patients suffer from a deterioration in kidney function
after cardio-pulmonary by-pass. Renal insufficiency affects the outcomes in terms of an increase in postoperative
morbidity and mortality and a decrease in the quality of life. Recently, a modified and unified classification of cardio-
-renal syndrome has been established that takes into account the bilateral association between the heart and the
kidneys. Because acute decompensation in heart function leads to acute kidney damage, cardiac surgery-associated
acute kidney injury may be recognised as a type 1 cardio-renal syndrome from a pathophysiological point of view.
This paper aims to review current data on the diagnosis of acute kidney injury and preventive strategies that can be
implemented in cardiac surgery perioperative care.
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Cardiac surgery-associated acute kidney injury (CSA-
-AKIl) is a common and clinically relevant complication in
cardiac surgery. Various degrees of impaired renal function
are observed in 19-45% of patients undergoing surgical
procedures under extracorporeal circulation [1]. A cohe-
rent classification of cardio-renal syndrome (CRS) has been
recently proposed; this classification describes interactions
between heart and kidney pathology [2]. According to this
classification, CSA-AKI is a clinical entity of type 1 CRS, in
which acute cardiac decompensation initiates a chain of
events leading to acute kidney injury. The aim of the review
is to present the current knowledge regarding the preven-
tion and treatment of acute kidney injury that are an integral
element of management of cardiac surgery patients.

EPIDEMIOLOGY OF CSA-AKI

According to various estimates, AKI complicates up to
45% of cardiac surgical procedures [1,3,4]. In patients un-
dergoing coronary artery bypass grafting, the duration of

AKI has been shown to correlate with postoperative mor-
tality rates. The hazard ratio (HR), which assesses the risk of
death, is found to be 1.66 (95% Cl: 1.32-2.09), 1.94 (95% Cl:
1.51-2.49) and 3.40 (95% Cl: 2.73-4.25) for the durations of
1-2 days, 3-6 days and > 7 days, respectively [3,5]. Similar
results have been reported by other authors [4].

NOMENCLATURE, CLASSIFICATION AND
THE PATHOPHYSIOLOGY OF CSA-AKI

According to the classification system presented (Table 1)
[2], CSA-AKI is a type 1 cardio-renal syndrome unless it is
caused by other factors (e.g., contract-induced nephropathy,
drug nephrotoxicity, generalised infection) [6]. It is characte-
rised by an increase in the plasma creatinine concentration
by 50% compared to the baseline value during the 7 posto-
perative days and a decrease in the glomerular filtration rate
by 25% or a urine output less than 0.5 mL kg™ per hour for
more than 6 h (according to the criteria of the Risk Injury
Failure Loss End-Stage Renal Disease, RIFLE) [7]. The alter-
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Table 1. Classification of cardio-renal syndrome. According to [2]

Type Characteristics

1 Acute cardiac failure leads to acute kidney injury

2 Chronic cardiac failure leads to chronic renal disease
3 Acute kidney injury leads to acute cardiac failure

4 Chronic renal disease leads to chronic cardiac failure
5 An external factor leads to simultaneous injury to the

heart and kidneys

native criteria of the Acute Kidney Injury Network (AKIN)
allow for the diagnosis of CSA-AKI based on an absolute
increase in creatinaemia by at least 0.3 mg dL (26.2 umol
L") during a 48 h period [8, 9]. The most recent guidelines
of the Kidney Disease: Improving Global Outcomes (KDIGO)
suggest uniform standards for diagnosing AKI based on
the two classification systems mentioned above (RIFLE and
AKIN) (Table 2) [10].

Although CSA-AKI characteristic of type 1 CRS is the
major topic of this review, type 2 CRS may also develop in
cardiac surgery [11]. In many cases, patients undergoing
surgical procedures under extracorporeal circulation suffer
from congestive heart failure because they have had co-
ronary disease for many years. The percentage of patients
with preoperatively compromised kidney function is high;
their conditions predispose them to the development of
AKI after surgery and increase the hospital mortality and
incidence of other postoperative complications [12, 13].
This relationship has been used for many years to assess
the operative risks in cardiac surgery. The classic Parsonnet
risk scale [14] included dialysis therapy in the operative risk
stratification. Newer scales take into account such parame-
ters as the baseline creatinine concentration (the Cleveland
Clinic Foundation [15]) or the estimated glomerular filtration
rate (eGFR) (the European System for Cardiac Operative Risk
Evaluation — EuroSCORE) [16].

Type 5 cardio-renal syndrome, a special case of multiple
organ failure [17], is important because anaesthesiologists
are faced with it most frequently. Generally, the simulta-
neous deterioration of cardiac and renal functions occurs
because of low cardiac output syndrome or septic shock. Its

Table 2. Diagnosis of AKl according to KDIGO 2012 [10]

initial endogenous cause is likely gastrointestinal mucosal
ischaemia favouring bacterial translocation. The common
exogenous cause in cardiac surgery is sternal wound in-
fection or pneumonia; in the ICU setting, this condition
can be caused by an infection of a different underlying
cause. The presence of bacterial lipopolysaccharides in
blood induces a generalised dilation of resistance arteries
and leads to reduced arterial pressure and decreased renal
perfusion. Additionally, the mediators of the generalised
inflammatory response, such as tumour necrosis factor-
-alpha (TNF-a), exert direct cardiodepressive effects, likely
by enhanced expression of inducible nitric oxide synthase
in cardiomyocytes [18], thus decreasing the cardiac output
and glomerular filtration.

As far as pathogenesis is concerned, CSA-AKI is a much
broader term than individual types of CRS. Although acute
circulatory failure resulting in renal ischaemia plays a pivotal
role in its development, CSA-AKI is the condition compli-
cating pre-existing chronic cardiac dysfunction (including
right-, left-ventricular, diastolic/systolic, ischaemic/other
than ischaemic), hence pre-existing renal dysfunction. Irre-
spective of these other dysfunctions, its pathology is super-
imposed by the action of cytokines and pro-inflammatory
substances that are formed in response to perioperative
tissue trauma, which can easily lead to the development of
peripheral hypoperfusion and shock. The systemic inflam-
matory response syndrome (SIRS), which is initiated by the
activation of immune cells during blood flow through the
peristaltic pump and contact with an oxygenator membra-
ne, isimportant [19]. A different clinical picture is observed
when the postoperative course is complicated by the deve-
lopment of severe infection and its systemic consequences.

RISK FACTORS OF CSA-AKI

To date, several potential risk factors of CSA-AKI have
been identified, including preoperative (older age, diabetes
mellitus, smoking and elevated baseline creatinine concen-
tration) and intraoperative factors (use of inotropic drugs,
transfusions of blood preparations, time of aortic cross-
-clamping, and the necessary re-use of extracorporeal cir-
culation); factors connected with cardio-pulmonary bypass

Stage Change in creatinine concentration [creat.] Urinary output
1 >1.5-1.9x 1 [creat] within 7 days* or >26.2 umol L' (03 mg | <0.5mLkg" h'for>6h
dL") during 48 h*
2 >2-2.9 x 1 [creat.]* | <05mLkg" h'for>12h
3 >3 x| [creat.]* or [creat.] > 353.6 pmol L (4 mg dL™") } <03 mLkg™ h' for > 24 h or anuria for 212 h

or initiation of renal replacement therapy or | eGFR < 35 mL

min’' 1.73 m in patients < 18 years of age

*compared to the baseline creatinine concentration, **compared to the baseline GFR level

156



tukasz Krzych et al., Postoperative kidney injury

(CPB) (diuresis and use of furosemide during CPB); and five
postoperative parameters (transfusions required and use of
diuretics or of vasoconstrictive, inotropic or anti-arrhythmic
drugs) [20, 21].

The most recent meta-analysis carried out by Kumar et
al. [22], based on 9 independent studies involving patients
undergoing surgery under extracorporeal circulation, de-
monstrated that the time of extracorporeal circulation in pa-
tients who developed AKl was significantly longer compared
to patients without this complication. In one of the statistical
models, the average absolute difference in surgery duration
between both groups was approximately 25 min. The risk
of AKI was found to be lower by 39% when mini-CPB was
used instead of conventional CPB [23]. Based on the above
observations, it can be assumed that the extent of surgery
affects the risk of development of CSA-AKI.

The risk of AKI was twice as high in patients with base-
line anaemia [24] receiving perioperative transfusions of
red blood cell concentrate (RBCC) or otherwise. A positive
correlation was observed between the number of RBCC
units transfused and the incidence of AKI. The same gro-
up of researchers widened their analysis and assessed the
prophylactic importance of transfusions in patients with
preoperative anaemia [25]. They showed that patients with
a baseline haemoglobin concentration of 10-12 g dL' who
preoperatively received 2 units of RBCC required significan-
tly fewer post-procedure transfusions. The management
described did not limit the risk of CSA-AKI. Unnecessary
transfusions should be avoided to limit the development of
postoperative AKI; excessive haemodilution during CPB is
associated with impaired renal function in the postoperative
period [26]. The results of another large randomised trial
differ to some extent. According to that trial, the risk of death
is comparable, irrespective of the degree of haemodilution,
or more precisely of the transfusion threshold assumed
— more liberal (to maintain haematocrit > 30%) versus more
restrictive strategy (to maintain haematocrit > 24%) [27].

Itis difficult to explain the above observations; therefore,
it is advisable to refrain from their clinical interpretation.
Physicians providing cardiac surgery patients with periope-
rative care should consider all the elements discussed earlier.

DIAGNOSIS OF CSA-AKI

Early diagnosis of AKl encounters the diagnostic barrier,
and commonly determined serum creatine concentrations
have numerous limitations and do not fulfil the conditions
of an ideal AKI marker [28]. In most cases, the creatini-
ne concentration increases 4-5 days after the exposure
to a causative factor, albeit not earlier than after 24-48 h
[2, 28]. Despite a decrease in the number of active nephrons,
the concentration of creatinine increases only very slightly
during the first days, as the process of substance accumu-

lation in blood requires time and the relationship between
creatinine concentration and GFR is of an exponential natu-
re. During the first 24 h after surgery, the serum creatinine
concentration can even decrease due to haemodilution
following extracorporeal circulation [29]. Such a long delay
in the diagnosis exposes patients with an unfavourable
preoperative history to the adverse consequences of AKI,
including a higher risk of death during the postoperative
period. Intensive attempts are being undertaken to find
an effective method of early (preferably in the preoperative
period) identification of patients who will develop acute
kidney injury. Such attempts are made in cardiac intensive
surveillance units of cardiac surgery departments but are
also increasingly common in intensive care units.

The strategies with the most potential as identification
methods are linked with determinations of neutrophil ge-
latinase-associated lipocalin, Lipocalin-2 (NGAL), whose
concentration rapidly increases in serum after 1-2 hours and
in urine 4-6 hours after damage to the renal tubule epithe-
lium in cases of kidney injuries of various aetiology [28-32].
This finding has been reliably confirmed in many studies
that are well summarised by the meta-analysis conducted
by the TRIBE-AKI group. The analysis involved 1219 cardiac
surgery patients from 10 independent clinical trials who
had serial determinations of NGAL in serum as well as NGAL
and IL-18 in urine. Elevated NGAL concentration in serum
and urine was associated with a fivefold higher risk of CSA-
-AKl; it was an independent risk factor of early death and
correlated with longer hospitalisation and the risk of chronic
renal disease [33]. There were no differences in the NGAL
determinations in the postoperative period between indi-
viduals undergoing cardio-pulmonary bypass under extra-
corporeal circulation and otherwise [34]. It can be implied
that the generalised inflammatory process accompanying
CPB most likely does not generate an additional risk of AKI
whose development is associated with preoperative risk
factors and perioperative complications.

Considering their numerous medical conditions and
initially severe clinical states, patients after heart transplant
are at a particular risk of complications. In this group of
patients, the incidence of clinically significant chronic kid-
ney disease (CKD) diagnosed at eGFR < 60 mL min™ was
found to range from 38 to 64%, depending on the method
of eGFR calculations [35]. CKD is an adverse sequel of pri-
mary CSA-AKI. Przybytowski and Matyszko demonstrated
that determinations of NGAL after heart transplantation
not only helped in early identification of patients at risk of
acute cardio-renal syndrome but also correlated with the
renal function expressed using the serum concentration
of creatinine (correlation coefficient r = 0.70; P < 0.001), of
cystatin C(r=0.74; P <0.001) and of eGFR (r=0.56; P < 0.001)
[36]. NGAL determinations are particularly useful in elderly
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patients whose other parameters of kidney function do not
indicate any pathology [37].

The observations in a cohort of 136 children who un-
derwent CPB procedures are also optimistic. Elevated urine
concentrations of NGAL two hours after the completion of
surgery were associated with a severe course of AKI and
occasionally with prolonged impairment of renal function,
risk of dialysis, total duration of hospitalisation and mortality
rates. In the group in question, the incidence of CSA-AKI was
51%, which markedly deviated from the mean percentages
[38]. Another study published in mid-2010 dampens the
enthusiasm connected with the clinical usefulness of NGAL.
Its authors highlight the low sensitivity of determinations,
at only 38.7% [39]. Randomised clinical trials are needed
to determine whether the initiation of interventions based
onincreased NGAL concentrations may contribute to lower
mortality rates after cardiac surgical procedures.

Recently, the concept of using Doppler examination
of renal arteries to predict the risk of CSA-AKI has received
interest. This relatively simple and inexpensive method is
based on measurements of the resistive index (RI), which is
proportional to the intensity of vascular bed contraction or
compression [40] according to the equation,

PSV - MDYV
PSV

RI:

where PSV is the peak systolic velocity and MDV indi-
cates the minimum end-diastolic velocity of blood flow.
Rl is measured once the arcuate and interlobular arteries
have been localised using colour Doppler or power Doppler
imaging. Based on the study findings, the upper value of the
normal Rl range was assumed to be 0.7 [40].

Rl effectively predicted the development of AKlin septic
shock or mechanically ventilated patients; it is hoped that
Rl can be successfully used in cardiac surgery.

A group of French researchers recently published the
results of their study in 65 patients over 60 years of age with
risk factors of kidney injury who underwent elective proce-
dures under extracorporeal circulation. The Rl measurement
was correlated not only with the occurrence of AKI 1-4 days
after surgery but also with the severity of its course. The
above results are consistent with observations in patients
after kidney transplants, demonstrating the usefulness of
the Rl determinations in the early period following kidney
transplantation to predict the early function of transplanted
kidneys [41]. Further prospective studies are required to ac-
curately assess the usefulness of Rl determinations in cardiac
or post-cardiac surgery intensive therapy [42].

MANAGEMENT OF CSA-AKI

The treatment of acute kidney injury complicating the
early postoperative period remains challenging and is often
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the source of clinical dilemmas amongst the therapeutic
team, i.e., an anaesthesiologist-intensivist, cardiac surgeon,
cardiologist or internist-nephrologist, because the main-
tenance of kidney function is as important as the support
of cardiovascular function. No coherent guidelines for the
treatment of cardio-renal syndrome consistent with eviden-
ce-based medicine (EBM) principles have been accepted.

PHARMACOLOGICAL METHODS

The issue of diuretics used in CSA-AKI is of particular
importance. The attempt to reverse the unfavourable re-
distribution of fluids by intensive diuretic therapy seems
a logical step to prevent and treat cardio-renal syndrome.
There are reports regarding potentially nephrotoxic effects
of these drugs [43]. The loop diuretics, which are most fre-
quently used in acute circulatory failure, act by blocking the
co-transporter N*K*2Cl"in the ascending limb of the loop of
Henle. This blockage enhances the delivery of sodiumions to
the macula densa and activates tubuloglomerular feedback;
subsequently, the secretion of adenosine increases, and
the afferent glomerular arteriole contracts, which is likely
to result in more severe ischaemia of the renal medulla.
A more relevant factor is the reduced renal flow associa-
ted with decreased vascular bed filling. If the drugs induce
hypovolaemia, diuretics intensify the sympathetic system
activation and stimulate the renin-angiotensin-aldosterone
system and the secretion of vasopressin. Although these
mechanisms counteract the reduction in the effective volu-
me of arterial blood, they simultaneously impair intrarenal
circulation and enhance renal hypoxia. Diuretic therapy
requires monitoring of its consequences. Ronco and colle-
agues recently proposed a therapeutic strategy based on
monitoring the well-known parameters of hydration, i.e.,
the balance of fluids, the arterial pressure, and the intrava-
scular volume, and on measurements of novel biomarkers,
such as the N-terminal prohormone B-type brain natriuretic
peptide (NT-proBNP) or kidney injury molecule (KIM-1) and
bioimpedance (the 5B therapy— balance of fluids, blood
pressure, blood volume, biomarkers, bioimpedance) [44].
The use of the last two markers should be discussed in detail.

In the only published randomised prospective clinical
trial, Damman and co-workers demonstrated that a 3-day
withdrawal of diuretics induced increases in concentrations
of KIM-1, N-acetyl-glucosamine (NAG) and NT-proBNP. After
re-institution of the diuretics, the plasma concentrations
of the elevated markers decreased, suggesting beneficial
effects of the therapy applied on KIM-1 [45]. In the near
future, measurements of biomarkers are likely to become
one method to assess the efficacy of diuretic therapy.

A novel and simple method enabling the estimation
of total water content in the body is the measurement of
bioimpedance [46]. The examination is based on the as-
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sumption that the human body behaves as an electric cir-
cuit of a defined resistance. Considering this assumption,
computer-assisted calculations of bioimpedance are per-
formed and expressed graphically as a vector. The vector’s
length is inversely proportional to the body water content
(a short vector = overhydration). The nutritional state and
fat content do not affect the accuracy of examinations. The
measurement of bioimpedance detects fluid retention with
a sensitivity of 88% and a specificity of 87% [47]. The use-
fulness of this technique has been positively verified while
assessing diuretic therapy, e.g., in the treatment of acute
cardiac failure. The lengthening of the bioimpedance vector
and the decrease in the NT-proBNP concentration below
250 pg mL" on discharge were not associated with a better
prognosis [47].

The measurements of central venous pressure (CVP)
are relevant for the assessment of vascular bed filling and
volaemia. If necessary and possible, patients requiring in-
tensive diuretic therapy and an intravenous continuous
supply of fluids should be invasively haemodynamically
monitored. In most cases of hypervolaemia, the CVP should
be approximately 8 cm of H,0. It is worth re-emphasising
that a high CVP (a worse outflow of venous blood from
kidneys) is associated with a higher risk of death and the
development of renal failure [48].

The use of dopamine and fenoldopam, a selective
agonist of dopaminergic receptors, for the prevention and
treatment of AKl should be discussed. Based on the largest
available meta-analysis of 61 clinical trials, it can be conclu-
ded that the use of a “diuretic” dose of dopamine does not
significantly affect either survival or renal function [49]. The
KDIGO guidelines note that because convincing data on
the efficacy of dopamine are lacking, the risk of its adverse
effects, e.g., tachyarrhythmias, myocardial ischaemia, impa-
ired intestinal perfusion, hypopituitarism or suppression of
Tlymphocytes, should be considered [10]. The information
regarding the beneficial effects of fenoldopam is slightly
more encouraging. The compilation of the available data
does not speak in favour of its widespread use [10], mainly
because of insufficient data from large-scale randomised
clinical trials. A meta-analysis of 13 randomised and non-
-randomised trials published to date shows that the use of
fenoldopam in cardiac surgery patients allows for limiting
the requirements for renal replacement therapy by 63%
and reduces the risk of early death by 46% [50]. In a ran-
domised study carried out by Morelli and co-workers [51]
amongst septic patients, the use of fenoldopam reduced
the risk of AKI by 53% and was associated with a ICU stay
shortened by approximately 3 days. Slightly conflicting are
the results from another meta-analysis summarising only
the data from randomised studies [52]. Although fenoldo-
pam significantly reduced the risk of AKl in cardiac surgery

patients (OR = 0.41), its beneficial effects on renal replace-
ment therapy requirements, ICU stay and survival were not
observed [52].

A commonly raised issue is related to the use of angio-
tensin-converting enzyme inhibitors (ACEls) and angioten-
sin receptor blockers (ARBs) in CRS1. A potential adverse
effect of ACEIs results from a decrease in the descending ar-
teriole tension, which reduces intraglomerular hypertension
in chronic kidney disease but can also significantly reduce
glomerular filtration [6, 53]. It is generally believed that
patients with cardio-renal syndrome are too often deprived
of routinely used drugs because of ungrounded fears of the
further deterioration of renal function. Blockers of the renin-
-angiotensin-aldosterone system should not be routinely
discontinued in AKlin the course of acute decompensation
of the circulatory system because their beneficial cardiac
effects may outweigh the risk of further impairment of renal
function. In such cases, the concentration of creatinine, urine
output per hour and concentration of potassium should be
frequently monitored [54] (Table 4).

An extremely relevant element of management in
acute and chronic cardiac failure is the avoidance of non-
-steroidal anti-inflammatory drugs (NSAIDs). NSAIDs inhibit
the production of vasodilating prostaglandins, causing the
contraction of straight arteries, which results in ischaemia of
the renal medulla or necrosis of the renal papilla in extreme
cases. This effect can also occur with paracetamol, which
is considered to be less harmful. The preferable analgesics
in circulatory failure are opioids and metamizole [55-57].
Patients receiving both ACEls and diuretics and patients
with diabetes are at the highest risk [58].

Finally, the influence of statin therapy on the develop-
ment of CSA-AKI should be outlined. Although preliminary
reports (mainly retrospective) documented that the risk
of AKl in patients receiving statins was lower [59, 60], the
controlled studies did not confirm those promising obse-
rvations [61, 63].

Novel drugs that are likely to be used in the treatment of
coexisting cardiac and renal pathology are worth highligh-
ting. One of these drugs is nesiritide, a human recombinant
BNP [64]. This drug should exert natriuretic, vasodilating
and anti-inflammatory effects. In practice, its efficacy in
the treatment of cardiac and renal failure has not been
demonstrated, despite an observed improved tolerance of
the symptom:s [6].

The drugs from the group of vasopressin receptor V2 an-
tagonists (vaptans) have a different uptake point. The only
examined drug from this group, tolvaptan, alleviates the
severity of symptoms in acute circulatory failure but does
not reduce the mortality rates orimprove renal function [65].

The blockage of the type 1 adenosine receptor localised,
among other places, in the afferent glomerular arterioles is
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Table 3. Methods of CSA-AKI prevention. Based on [6, 10]

CSA-AKI prevention methods

Proper selection of patients for cardiac surgery by a multi-disciplinary medical team (the Heart Team) consisting of a cardiologist, an invasive
cardiologist, a preventive cardiologist, an anaesthesiologist, a diabetes specialist, a nephrologist, and a geriatrician; assessment of the surgical risk

based on history taking, co-morbidities, results of additional tests

Assessment of the risk of contrast-induced nephropathy before surgery (patients after coronary angiography, patients qualified for TAVI)

Shortening of extracorporeal circulation, particularly keeping the aorta clamping time to a necessary minimum

Avoidance of intraoperative hypotension and arterial blood fluctuations

Strict monitoring of balance of fluids; prevention of dehydration (and overhydration) by monitoring the hydration (and using diuretics)

Continuous haemodynamic monitoring (arterial pressure, CVP, bioimpedance, etc.)

Monitoring of the plasma creatinine concentration, urinary output per hour and determinations of NGAL (for early identification of patients at risk of AKI)

Nephrotoxic drugs should not be used in the perioperative period

Strict control of glycaemia in the perioperative period (preferable glycaemia in the range of 110-149 mg dL)

Treatment of anaemia by transfusions of blood preparations (usually when the concentration of haemoglobin < 7 g dL" or haematocrit < 21%)

interesting. The mechanism of action of such an antagonist
consists of blocking the tubuloglomerular feedback. In this
manner, adenosine receptor antagonists can reduce the
resistance to diuretics and exert natriuretic effects without
impairing the GFR. Phase Il trials regarding the use of rolo-
fylline (a selective type 1 adenosine receptor antagonist) in
acute decompensated cardiac failure with hypervolaemia
are being performed (PROTECT) [66].

NON-PHARMACOLOGICAL METHODS

An alternative to the pharmacological approach to
cardio-renal syndrome treatment is continuous renal re-
placement therapy (CRRT). According to the current recom-
mendations, CRRT techniques are preferable to intermittent
ones, particularly in haemodynamically unstable patients
[10] (Table 3).

CRRT is a theoretically safer and more predictable me-
thod of intravascular volume reduction and does not disturb
the body’s electrolyte balance. Unlike diuretics, haemo-
filtration does not induce neurohumoral reflex activation
that impairs the intrarenal circulation. CRRT can sensitise
the nephron to the action of diuretics in cases of diuretic
resistance [67]. Nevertheless, the use of continuous veno-
-venous haemofiltration (CVVH) is expensive and has a risk
of severe complications, such as haemorrhage or crossed
air embolism in cases of a patent foramen ovale (PFO).
Atheoretical hazard is the dialysis-related decompensation
syndrome and the destructive neurological consequences
[68]. This syndrome is associated with a sudden drop in the
extracellular concentrations of metabolic products (e.g.,
urea) and an increasing concentration gradient of these sub-
stances through the cell membrane, which usually occurs
in intermittent haemodialysis procedures; this possibility
should be considered when the continuous method is in-
troduced too rapidly with a high accumulation of nitrogen
metabolites [68].
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Considering the above discussions, a question of which
method is superior for the treatment of cardio-renal failure
remains, and the opinions are inconsistent. The Ultrafiltration
vs. Intravenous Diuretics for Patients Hospitalized for Acute
Decompensated Heart Failure (UNLOAD) study partially sho-
wed that CVVH is more effective in removing excess fluid
compared to diuretics and contributes to a reduced 90-day
mortality without affecting the incidence of AKI[69]. The rele-
vance of these observations has been repeatedly challenged,
mainly because the study was not blinded, the population of
patientsincluded was small and the diuretic doses were inap-
propriately chosen. The multi-centre randomised clinical trial
called Cardio-Renal Rescue Study in Acute Decompensated
Heart Failure (CARRESS-HF) has been designed [70], which
compared the effects of ultrafiltration or the intensification
of pharmacological therapy on the renal function in patients
with decompensated heart failure. The intensification of
pharmacotherapy was understood as increased doses of
diuretics and the use of vasodilators and/or positive inotropic
agents. Most importantly, it was documented that ultrafiltra-
tion was an intervention that was not as efficacious and was
not as safe [70]. Similar controlled studies devoted to cardiac
surgery patients with AKl can be expected in the near future.

SUMMARY

The early diagnosis and adequate treatment of acute
kidney injury accompanying cardiac failure are challenging
for physicians providing care to patients in the immediate
perioperative period. Further progress in perioperative care
requires the introduction of new markers, such as NGAL,
KIM-1, interleukin-18 or liver fatty acid-binding protein
(L-FABP)[71]. It will likely be necessary to determine several
markers in the form of a specific study panel, which should
allow for the early and extremely specific identification of
patients at risk of CSA-AKI and allow for the use of new, not
yet designed methods of treatment. The development of
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Table 4. CSA-AKI treatment methods; based on [6, 10]

Current

1.

Simultaneous use of intravenous fluids and catecholamines in patients with low arterial pressure, a negative fluid balance and impaired renal

perfusion

« Balanced crystalloid solutions are recommended; with colloids, mainly balanced hydroxyethyl starch solutions (6% HES 130/0.4), the

colloid-crystalloid ratio of 1:3 at the max. dose of 50 mL kg b.w.”" day!

« Noradrenaline is recommended based on peripheral vascular resistance; dopamine in “a diuretic dose” is not recommended

2. Use of loop diuretics in cases of overhydration
« Itis recommended to adjust the doses of diuretics to the current volaemia assessed using the arterial pressure (and its curve),
bioimpedance and central venous pressure
« Itis not recommended to use diuretics for the “prevention” of CSA-AKI in patients with a high risk of its development
3. Potentially nephrotoxic drugs should be avoided
« Do not use non-steroidal anti-inflammatory drugs; treatment of choice: opioids, methimazole and paracetamol
+ Do not use aminoglycoside antibiotics, amphotericin B or cytostatics
« Angiotensin convertase inhibitors (ACEls), angiotensin receptor blockers (ARBs) and spironolactone should be used only if absolutely
necessary and should be avoided because of the risk of hypokalaemia and deterioration of renal perfusion
4. Institution of continuous veno-venous renal replacement techniques (haemofiltration, haemodialysis, haemodiafiltration) in life-threatening
cases of acidosis, hyperkalaemia, uraemia, overt clinical overhydration, including pulmonary oedema
« When selecting patients, their clinical states, especially their haemodynamic efficiency, should be considered
« Vascular access is recommended: right internal jugular vein - femoral vein - left internal jugular vein - subclavian vein
« Continuous techniques are recommended (also in patients chronically dialysed before surgery); intermittent dialysis therapy should be
used only in exceptional cases
5. Treatment of AKI should be combined with strict glycaemic control (recommended values of 110-149 mg dL™"), enteral nutrition
(recommended fulfilment of requirements of 20-30 kcal kg b.w. " day™! with protein supply 0.8-1.0 g kg b.w." day™" in patients without RRT,
1.0-1.5 g kg b.w." day™" in patients with intermittent RRT and 1.7 g kg b.w.™ day™' in patients with CRRT); parenteral nutrition is recommended
only in patients with clear contraindications for enteral therapy or as an addition
Future
1 The management described above will be instituted once the kidney injury factor exerts its action based on the determinations of early
markers of AKI, such as NGAL, KIM-1 or interleukin 18, when clinical AKI symptoms are still absent
2. Prospective clinical trials comparing the efficacy of pharmacological therapy and renal replacement techniques in cardiac surgery patients are
required
3. On-going studies assess the efficacy of nesiritide (recombinant human B-type natriuretic peptide), vaptans ( type 2 arginine vasopressin-

receptor antagonists), and rolofylline (selective adenosine 1 receptor antagonist)

continuous renal replacement methods should facilitate the
choice of a correct, effective therapy. We hope to witness
advances likely to contribute to an improved efficacy of tre-
atment of acute renal failure, which should shorten the ICU
stays and reduce the mortality rates in this group of patients.
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