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SUMMARY - Acute kidney injury (AKI) is a serious complication associated with increased
morbidity and mortality. Total incidence of AKI in hospitalized patients is 1%-5%. As many as 30%
of these patients develop AKI in the perioperative period, which is associated with anesthesia and
surgery. Despite scientific advances and improved surgery techniques, as well as treatment in intensive
care units, no significant decrease in AKI incidence has been achieved. To change this outcome, it is
important to identify patients at risk of AKI and prevent its occurrence. Correct selection of anes-
thetic drugs during general anesthesia, adjusted to the individual needs of patients, also influences the
overall outcome of treatment. Nowadays, inhalational anesthetics are not considered nephrotoxic. The
more so, inhalational anesthetics have a strong and direct protective effect on many organs through
preconditioning and postconditioning. New studies have shown that sevoflurane diminishes ischemia/
reperfusion kidney injury and has an anti-inflammatory effect, thus having the potential to reduce the
occurrence of AKI. Given the incidence of AKI in the perioperative period, as well as new findings
about anesthetics, the issue of anesthetic selection during general anesthesia might be of crucial im-

portance for the final outcome of treatment.
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Introduction

The choice of general anesthesia best suited to the
individual patient needs is of great importance, as the
correct selection of anesthesia-inducing drugs can pre-
vent unwanted effects on risk-group patients. In addi-
tion, it increases the effectiveness of the protective ef-
tects of individual anesthetics that have been proven in
clinical practice, thus improving the outcome of treat-
ment.

Acute kidney injury (AKI) in the perioperative pe-
riod is characterized by acute kidney function reduc-
tion within 48 hours of surgery. In most cases, the
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damage is partially reversible, and recovery is expected
within several weeks. Unfortunately, function recovery
is complete only in 15% of patients. AKI is a serious
perioperative period complication accompanied by in-
creased mortality, morbidity and treatment costs. It is
accompanied by the development and progression of
chronic kidney disease, as well as an increased need for
tuture dialysis, particularly in patients already suftering
from disturbances in kidney function.

There are several classifications of AKI, previously
known as acute renal failure, of which the most widely
used are the Kidney Disease Improving Global Out-
comes (KDIGO) and Risk, Injury, Failure and End-
stage renal disease (RIFLE) classifications. The main
characteristic of AKI is lost kidney function, which
can be assessed by measuring serum creatinine levels as
a measure of glomerular filtration rates, and by mea-
suring urine output volume®.
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An increase in creatinine occurs only after a de-
crease in the glomerular filtration rate by more than
50%. Therefore, it is not surprising that even a small
serum creatinine increase is associated with increased
short-term and long-term mortality, regardless of
whether at the time of discharge from the hospital
kidney function has partially or fully recovered. Con-
sequently, even a minor creatinine increase needs to be
considered seriously, as it represents significant kidney
function damage?®”’.

'The incidence of AKI in surgery patients depends
on the type of surgery. Some types of surgery associ-
ated with a high incidence of AKI development are
cardiac surgery, abdominal and thoracoabdominal an-
eurysm surgery, and liver transplantation, while the
incidence is significantly lower in general surgery. De-
spite new findings on AKI and improvements in sur-
gery techniques and treatment in intensive care units,
there has been no significant impact on this outcome.
Therefore, identifying the risk groups and prevention
of AKI occurrence are of extraordinary importance®’.
The results of risk factor studies are often analyzed ac-
cording to the type of surgery. In a prospective study of
patients undergoing major non-cardiac surgery, Khet-
erpal e al. found an increased risk of developing AKI
in seven risk groups: patients older than 59 years, those
with a body mass index greater than 32 kg/m?, those
with chronic obstructive pulmonary disease, liver dis-
ease or peripheral vascular occlusive disease, and ur-
gent surgery and high-risk surgery patients™.

Knowing the preoperative, intraoperative and post-
operative risk factors enables the introduction of pre-
cautionary measures in each particular perioperative
period. Measures are aimed at the prevention of
hemodynamic disorders and inflammatory changes,
avoiding nephrotoxic drugs, and the prevention of met-
abolic disorders. In the preoperative period, optimiza-
tion of the patient’s condition is important. During an-
esthesia, emphasis is on the choice of anesthetics and on
hemodynamic optimization, maintaining medium ar-
tery pressure (MAP >65 mm Hg), adequate volume
compensation and vasoactive drug administration. In
the postoperative period, particularly in intensive care
units, where patients are administered a large number of
drugs, administration of nephrotoxic drugs should be
avoided and drug dosage adapted to kidney function.

'This review discusses the results of research investi-
gating the use of inhalational anesthetics and their ef-
tect on kidney function.
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For the time being, modern inhalational anesthet-
ics are basic anesthetic agents, equally used for anes-
thesia maintenance and for anesthesia induction.
Sevoflurane, isoflurane and desflurane are the most
frequently administered inhalational anesthetics. The
major anesthesiological effect of these gases is uncon-
sciousness as a result of the central nervous system
depression. In recent years, their non-anesthesiological
characteristics, such as their direct effect on AKI, have
been investigated.

Preconditioning and Postconditioning
of Inhalational Anesthetics

It is known that the use of inhalational anesthetics
ahead of an expected organ ischemia has a protective
effect. This phenomenon is called anesthetic precondi-
tioning'*2 Inhalational anesthetic agents have a neu-
roprotective effect owing to the activation of adenos-
ine triphosphate (ATP)-dependent potassium chan-
nels. Sevoflurane preconditioning for 10 minutes sig-
nificantly decreases the postoperative release of brain
natriuretic peptide, a biochemical marker of myocar-
dial contractile dysfunction. In addition, translocation
of protein kinase C isoforms 6 and € in human myo-
cardium in response to sevoflurane preconditioning
has been observed, as well as lower postoperative plas-
ma cystatin C concentrations. This indicates better
cardiac and renal function in patients.

The updated American Heart Association Guide-
lines recommend administering inhalational anesthet-
ics during general anesthesia in non-cardiac surgery in
hemodynamically stable patients at high risk of peri-
operative myocardial ischemia®.

Administering inhalational anesthetics after com-
pletion of ischemic injury protects several organs, in-
cluding liver, heart and kidney, which is called anes-
thetic postconditioning*".

These facts open up new possibilities for AKI pre-
vention and treatment.

In the past, administering inhalational anesthetics,
particularly sevoflurane, was associated with nephro-
toxicity as a result of the production of vinyl halide
(compound A) during dehydrofluorination by carbon
dioxide absorbers. Compound A has been shown to be
nephrotoxic in rats'®. Contrary to this are the results of
the research conducted by Bito ez a/., who measured
the impact of sevoflurane and isoflurane on blood urea
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nitrogen and serum creatinine concentration values,
and on urinary excretion of the kidney-specific en-
zymes. The results of the study did not show any sig-
nificant effects of compound A production during
sevoflurane anesthesia on kidney function’.

Modulation of Ischemia/Reperfusion Injury
and Anti-Inflammatory Effects

The major cause of AKI incidence is inflammatory
reaction as a consequence of ischemic/reperfusion in-
jury. Inflammatory response in tubules and endotheli-
um causes breakdown of the endothelial basement
membrane and inflammatory migration into the inter-
stitial space. The inflammatory response can be re-
duced by activation of regulatory T lymphocytes fur-
ther facilitating the production of anti-inflammatory
mediators.

Inhalational anesthetics exert powerful multi-or-
gan protective effects during the perioperative period
and powerfully modulate ischemia/reperfusion injury.
It has been proven that they activate multiple path-
ways to synthesize key cytoprotective and anti-inflam-
matory signaling molecules to attenuate ischemic AKI,
as has been detailed by Fukazawa and Lee'. In isch-
emia/reperfusion kidney injury, proinflammatory cy-
tokines are produced in dying or injured cells of proxi-
mal tubules, while the increasing number of chemo-
kines attracting cytotoxic neutrophils and cytotoxic T
lymphocytes additionally contributes to the local in-
flammatory response.

On the other hand, regulatory T cells produce anti-
inflammatory mediators, including transtorming
growth factor (TGF)-£1 and interleukin (IL)-10, and
express ectonucleoside triphosphate diphosphohydro-
lase (CD39) and ecto-5-nucleotidase (CD73), which
convert proinflammatory ATP into cytoprotective ad-
enosine, which produces effects wiz A2a receptors.
'Thus, regulatory T cells protect the kidney from isch-
emic/reperfusion injury.

Inhalational anesthetics decrease nuclear translo-
cation of NF-kB, a key proinflammatory transcription
factor”. Furthermore, inhalational anesthetics produce
and promote anti-inflammatory mediators important
for renal protection, including TGF-B1 release, CD73
activation, and adenosine generation®*%2.

Serum creatinine and estimated glomerular filtra-
tion rate as kidney function markers are insensitive to
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truly test the efficacy of the protective role of inhala-
tional anesthetics. Recent research has been aimed at
an early predictive marker of AKI, i.e. neutrophil gela-
tinase associated lipocalin (NGAL). A study of sevo-
flurane effects on renal function in rats after liver
transplantation demonstrated significantly reduced
NGAL concentrations in the sevoflurane group, as
well as smaller epithelial necrosis. In the group anes-
thetized with sevoflurane, significantly lower serum
concentrations of TNF-a, IL-6, and myeloperoxidase
were found 2 hours after reperfusion®.

In parallel with the increase in the number of stud-
ies demonstrating the protective role of sevoflurane
against the occurrence of AKI, there is also a large
number of studies on the protective effects of other
anesthetics, such as propofol, with regard to AKI.
While some studies point to a stronger protective ef-
fect of propofol as compared with sevoflurane relative
to the occurrence of AKI*, others demonstrated that
there were no statistically significant differences in the
incidence of AKI between the two groups*.

Conclusion

Acute kidney injury in the perioperative period is a
serious complication which often has an adverse eftect
on the course of treatment and outcome in surgical
patients. This syndrome manifests with increased labo-
ratory values of creatinine without clinical symptoms
of anuria. The results of studies have shown higher
mortality rates even in milder forms of AKI. The pres-
ent-day approach aimed at reducing AKI incidence is
based on applying precautionary measures in patients
at risk during the perioperative period. AKI needs to
be treated in a timely manner in order to ensure maxi-
mum kidney function recovery. It is also important to
point out the multidisciplinary approach required for
such patients, which includes an anesthesiologist, a
surgeon, clinical pharmacologist and nephrologist.

'The major cause of AKI incidence is inflammatory
reaction as a consequence of ischemic/reperfusion in-
jury. Modern inhalational anesthetics, such as sevoflu-
rane and isoflurane, have immunomodulatory reno-
protective effects based on the activation of regulatory
T lymphocytes promoting the production of anti-in-
flammatory mediators. Study results confirm that ad-
ministering inhalational anesthetics in patients at risk

of developing AKI is justified.
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Given the above, it is concluded that the selection

of the type of anesthetic during general anesthesia re-
mains an important clinical issue, and that further re-
search is needed to clarify the protective effect of inha-
lational anesthetics on the occurrence of AKI.
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Sazetak

UCINAK INHALACIJSKIH ANESTETIKA NA AKUTNO OSTECEN]E BUBREGA
M. Mikli¢ Bublié, D. Tonkovic, S. Sakan, A. Misir i D. Bandic¢ Pavlovic

Akutno ostecenje bubrega (AOB) je ozbiljna komplikacija povezana s poviSenim pobolom i smrtnos¢u. Ukupna inciden-
cija AOB u bolnickih bolesnika iznosi 1%-5%. Cak 30% tih bolesnika su razvili AOB u perioperacijskom razdoblju kao
posljedicu anestezije i operacije. Unato¢ novim znanstvenim spoznajama i unaprjedenju kirurskih tehnika te lijecenja u jedi-
nicama intenzivne njege, nije postignut znacajniji pomak u smanjenju incidencije AOB. Za promjenu tog ishoda vazno je
prepoznavanje rizi¢ne skupine bolesnika te prevencija. Na ukupni ishod lijeCenja utjece i pravilan odabir anestetickih sred-
stava tijekom opée anestezije, koji je najbolje prilagoden individualnim potrebama bolesnika. Danas se smatra da inhalacijski
anestetici nisu nefrotoksi¢ni. Dapace, inhalacijski anestetici imaju snazan izravan zastitni u¢inak na mnoge organe kroz
predkondicioniranje i postkondicioniranje. Nova istrazivanja pokazuju da sevofluran smanjuje ishemijsko-reperfuzijsku
ozljedu bubrega i djeluje protuupalno, zbog Cega ima potencijal smanjiti pojavu AOB. S obzirom na incidenciju AOB u
perioperacijskom razdoblju i nove spoznaje o anesteticima, pitanje odabira anestetika tijekom opée anestezije moglo bi biti
od kljuénog znacenja za sveukupni ishod lijecenja.

Klju¢ne rije¢i: Akutno ostecenje bubrega; Anestezija, opca; Anestetici, inhalacijski; Sevofluran; Ishemija; Reperfuzijska ozljeda
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