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Acute kidney injury in cardiac surgery
Eun-Ho Lee
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Acute kidney injury is a common and serious complication after
major cardiovascular surgery and is independently associated with
poor short- and long-term outcomes. The pathogenesis of cardiac
surgery-associated acute kidney injury is complex and involves
multiple pathways including hemodynamic, inflammatory, metabolic
and nephrotoxic factors. Three definitions of acute kidney injury
based on serum creatinine and urine output (RIFLE, AKIN, and
KDIGO criteria) have been proposed and validated. Several novel
biomarkers of acute kidney injury have been developed to facilitate
the subclinical diagnosis of acute kidney injury, as well as the better
risk stratification of patients. Despite the high-quality research
conducted in this field to date, there is very little evidence supporting
specific interventions to treat acute kidney injury in patients
undergoing cardiovascular surgery. Thus, early identification of
high-risk patients and preventing cardiac surgery-associated acute
kidney injury by mitigating risk factors or avoiding renal insults
remains the mainstay of management. Although some strategies
have shown promising results in renoprotection, further large
randomized trials are needed to confirm the benefit of such
approaches. (Anesth Pain Med 2016; 11: 225-235)
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Preoperative Intraoperative
= Lack of renal reserve = SIRS

Chronic kidney disease = Decreased renal perfusion
* Prerenal azotemia Hypotension
NPO status Autoregulation impairment
Recent over-diuresis Hemodilution
Impaired LV function Anesthetic effects
* Nephrotoxins = Embolic events
Intravenous contrast = Nephrotoxins
Other medications Free iron and free hemoglobin
* Renovascular disease
Inflammation
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23 A, b']/kﬁﬂi‘f’]‘:/H 44 Zﬂ(non—steroidal anti-inflammatory
agents, NSAIDs), ©|%#l|, ACE <]A]A](angiotensin-converting
enzyme inhibitors) 3 ARB A|A|(angiotensin receptor blockers)
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* Hemodynamic instability
= SIRS

* Volume depletion

* High vasopressor

* Nephrotoxins

= Sepsis

Fig. 1. Pathophysiological factors in
cardiac surgery associated acute kidney
injury (AKI). NPO: Nil Per Os, LV: left
ventricle, SIRS: systemic inflammatory
response syndrome.
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Table 1. Comparison of RIFLE, AKIN, and KDIGO Criteria for Diagnosis and Staging of Acute Kidney Injury

RIFLE AKIN KDIGO Urine output
Class sCr or eGFR Stage sCr Stage sCr (common to all
Risk  Increase sCr x 1.5 1 = 0.3 mg/dl 1 = 0.3 mg/dl (< 48 hours) < 0.5 mlkgh
or or or (= 6 hours)
eGFR decrease > 25% > 1.5- to 2-fold from baseline 1.5-1.9 x baseline (< 7 days)
Injury  Increase sCr x 2 2 > 2- to 3-fold from baseline 2 2.0-29 x baseline < 0.5 mlkg/h
or (= 12 hours)
eGFR decrease > 50%
Failure Increase sCr x 3 3 > 3-fold from baseline 3 3.0 x baseline < 0.3 mlkglh
or or or (= 24 hours)
> 4.0 mg/dl with an acute > 4.0 mg/dl with an acute > 4.0 mg/dl or
increase of at least 0.5 mg/dl increase of at least 0.5 mg/dl or Anuria

or or
eGFR decrease > 75% Initiation of RRT

Loss  Persistent ARF > 4 weeks

ESRD ESRD > 3 months

Initiation of RRT (= 12 hours)

For RIFLE, kidney injury should be both abrupt (< 7 days) and sustained (= 24 hours). For AKIN, the increase in sCr must occur in < 48
hours. RIFLE: risk, injury, failure, loss, end-stage renal disease, AKIN: Acute Kidney Injury Network, KDIGO: Kidney Disease: Improving Global
Outcomes, sCr: serum creatinine, eGFR: estimated glomerular filtration rate, ARF: acute renal failure, ESRD: end stage renal disease, RRT:

renal replacement therapy.
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Table 2. Biomarkers of Acute Kidney Injury

At FellMop S7457] wigell A4 &5 zksAl
QA FKshar, AA 7lse TR v, AW, <5
&, Aol, oFg, 2Bla ol Fojol] % PAF Tt Sl
AHAE JFe A7 e AL

FRAARESS 2706 Axkete] 27] ARE At
AL BAe ddFE FEA7IE Wl T3 Husn
71 wllitell CSA-AKI A 2710l o5 A&rsiAl zlnkst
© AL e Foejh oHdt ol R el FAANRER
o z7] AskE S vkt A7le AAAES] AT
a9

CSA-AKI®] %
CSA-AKIS =7] Ackslz] 93l 2570 o]xL ,] thol g& A
5 AAARZE0] AFHT QrKTable 2). AA7IA 7=
o] 712 AES AVls AAARZE FolA Neutrophil
gelatinase-associated lipocalin (NGAL)¥} Cystatin C7} 7F4
B Aew oA AT I DAL U 47

NGAL
Lipocalin 22 % %424 NGALL &4% A9 4wz
[e]

5 AT I AEA A AR Sl
A AEEHA ¢ A Z7)of wlg- wE
A Al—ool:}_@(upregulated)fﬂll—“- ol F SR 4 A

o ofe] MY Aol NGALe] S84 i A4
EdellA 7 wtEa EhielAl fiedcka Has
CSA-AKI®| =7] Zghs A A2g WAAZRAS 7hes
Aol gt @ A7} o]|Fo]A Ut} Haase-Fielitz 59

ot rz 322

Biomarker Test Main source Type Potential use

NGAL Serum,  Loop of Henle, distal tubule, Up-regulated protein Early detection, differential diagnosis, prognostic assessment
urine collecting duct

Cystatin C ~ Serum,  Nucleated cells, reabsorption by  Functional marker Early detection, differential diagnosis, prognostic assessment
urine proximal tubule

KIM-1 Urine Proximal tubule Up-regulated protein Early detection, differential diagnosis, prognostic assessment

IL-18 Urine Macrophages, epithelial cell in Up-regulated protein Early detection, differential diagnosis, prognostic assessment

proximal tubule

L-FABP Urine Proximal tubule

NAG Urine Proximal tubule Enzyme
aGST Urine Proximal tubule Enzyme
nGST Urine Distal tubule Enzyme

Up-regulated protein

Early detection

Early detection, differential diagnosis, prognostic assessment
Early detection, prognostic assessment

Early detection

NGAL: Neutrophil gelatinase-associated lipocalin, KIM-1: Kidney injury molecule 1, IL-18: Interleukin 18, L-FABP: Liver-type fatty acid-binding
protein, NAG: N-Acetyl beta glucosaminidase, aGST: Alpha glutathione S transferase, nGST: Pi glutathione S transferase.
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