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 Perioperative acute kidney injury

 Dialysis dependent patients



Perioperative Acute kidney injury (AKI)
- how common is the problem?



Crit Care Med.2009;37:2552-2558

JAMA. 2005;294:813-818



Crit Care Med.2009;37:2552-2558

AKIN stage I
↑ Cr > 26.5mol/l or
1.5x from baseline



Why perioperative AKI important?



 AKI requiring dialysis is an independent risk factor for death

~3000 patients received CS, survival decrease from 62% to 42%



Greater AKI severity ->  higher mortality
Patient survival differ by 10% comparing no AKI with “Risk”

RIFLE “Risk”
↑ Cr 1.5x from baseline



These findings  are independent of types 
of cardiac surgery



~10000 surgical patients



Greater AKI severity ->  higher mortality
Patient survival differ by 20% comparing no AKI with “Risk”



 Even minimal increases in serum creatinine 
have been associated with an increase in 
both short and long-term mortality

 This risk of death is independent from other 
postoperative complications and co-
morbidities

 AKI is related to the subsequent 
development and progression of chronic 
kidney disease (CKD), esp. in those with pre-
existing renal impairment

Crit Care Med 2002,30:2051–2058

Kidney Int 2004,66:1613–1621



Definition of AKI 

 Highly variable (>150 definitions) 
until recent years

 Risk, Injury, Failure, Loss and End 
stage (RIFLE) - 2004

 Acute Kidney Injury Network 
(AKIN) - 2007





 RIFLE criteria failed to detect 9% of cases 
that were detected by AKIN criteria. 
However, the AKIN criteria missed 26.9% 
of cases detected by RIFLE

 Kidney Disease Improving Global 
Outcomes (KDIGO) -> new AKI definition 
(2012)





Any risk factors that predict
development of periop AKI?



GFR <60ml/min carry much 
higher risk of AKI postop –
benefit from periop optimization

Cytokines activation
Alter vasomotor tone to kidney -> decrease 
renal perfusion pressure by 30%
Both induce ischemic reperfusion injury
RBC hemolysis -> direct tubular injury
Microembolization -> renal ischemia

after cardiac surgery



 Three scoring systems (Cleveland 
Clinic Foundation, Society of 
Thoracic Surgeons, and Simplified 
Renal Index) a/v for risk 
stratification and assess risk of 
postop RRT

Circulation.2006;114:2208-2216

JAMA.2007;297:1801-1809

J Am Soc Nephrol.2005;16:162-168



J Am Soc Nephrol.2005;16:162-168



Anesthesiology.2007;107:892-902



Suneja M, Kumar AB, Obesity and perioperative acute kidney injury: A focused review, J Crit Care (2014)



Obesity and periop AKI

 Retrospective analysis of 351 000 patients 
from the American College of Surgeons 
National Surgical Quality Improvement 
database -> 2-3X increase risk of periop 
AKI

 Obesity can be viewed as a chronic low-
grade inflammatory status with increase 
circulating proinflammatory cytokines 
(including adipokines)

 Increased oxidative stress

 Hemodynamic optimization and drug 
dosing in periop period more difficult in 
obese patients

Suneja M, Kumar AB, Obesity and perioperative acute kidney injury: A focused review, J Crit Care (2014)



 RIFLE, AKIN and KDIGO all diagnose AKI 
according to serum creatinine and urine 
output

 Urine output measurement, non-
automated process ->can be highly 
inaccurate

 Serum creatinine is neither sensitive nor 
specific, tending to represent a functional 
change rather than being a true marker of 
kidney injury



Cr is affected by multiple 
factors

 Age

 Malnutrition

 Ethnicity

 Gender

 Muscle mass

 Medications 

 Trimethoprim, cimetidine

 Protein intake



Renal biomarkers





Biomarkers for AKI
IGFBP7
Insulin-like Growth Factor 
Binding Protein 7
(Urine)

Inducer of G1 cell cycle arrest expressed by injured tubular 
cells. Cell cycle stopped via its own receptor

TIMP-2
Tissue inhibitor 
Metalloproteinases-2
(Urine)

Inducer of G1 cell cycle arrest expressed by injured tubular 
cells. Cell cycle stopped via its own receptor

NGAL
Neutrophil gelatinase-
associated lipocalin
(Blood/urine)

Protein expressed in neutrophils and prox/distal renal tubule 
cells; binds and traffics free iron and is upregulated in the 
setting of renal tubular ischaemia

IL-18
Interleukin-18 
(Urine)

Inflammatory cytokine found in macrophages and proximal 
tubule cells that is upregulated in the setting of renal ischemic 
injury

Cystatin C
(Blood/urine)

Cysteine protease inhibitor freely filtered at glomerulus that is 
normally reabsorbed by prox tubule cells and appears in the 
urine in the setting of tubular injury

KIM-1
(Kidney Injury Molecule) 
(Urine)

Type 1 cell membrane glycoprotein that is shed into the urine 
following proximal tubule injury



 NGAL measured in >7000 patients after cardiac surgery 
can predict the subsequent development of AKI (AUC 
0.7–0.8)

 Performance of urine NGAL is slightly better than 
plasma NGAL 

 Urine NGAL was the only biomarker with predictive 
value as early as 2 h postoperatively

Ann Clin Biochem OnlineFirst, published 
on February 11, 2014
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Binding Protein 7
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TIMP-2
Tissue inhibitor 
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Inducer of G1 cell cycle arrest expressed by injured tubular 
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setting of renal tubular ischaemia

IL-18
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tubule cells that is upregulated in the setting of renal ischemic 
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Cystatin C
(Blood/urine)

Cysteine protease inhibitor freely filtered at glomerulus that is 
normally reabsorbed by prox tubule cells and appears in the 
urine in the setting of tubular injury

KIM-1
(Kidney Injury Molecule) 
(Urine)

Type 1 cell membrane glycoprotein that is shed into the urine 
following proximal tubule injury

Correlated well with GFR



1500 patients



 Urinary CysC measured in the early post-
operative period (0–6 and 6–12 hours 
postoperatively) correlated with both 
mild and severe AKI in adults and 
children. However after analyses were 
adjusted for other clinical factors the 
effect was attenuated

 Urinary CysC values are not significantly 
associated with the development of AKI 
following cardiac surgery in adults and 
children.

Am J Kidney Dis. 2013 May ; 61(5): 730–738
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Kashaniet al. Critical Care 2013,17:R25744 Critical ill patients



[TIMP-2]*[IGFBP7]

pNGAL

50 patients received cardiac surgery

PLoS One. 2014 Mar 27;9(3)



Preventive measures for AKI

 Maintenance of normal renal 
perfusion is very important

 80% of patients experiencing 
postoperative AKI having an 
episode of hemodynamic 
instability 



Crit Care Med 2009; 37:2079–209020 trials, 4000 surgical patients



Crit Care Med 2009; 37:2079–2090



High risk

Low risk

Crit Care Med 2009; 37:2079–2090





Nephrotoxic agents

 NSAID - stop 3 days before OT

 ACEI/ ARB (esp. in volume 
depleted patients and those on 
diuretics) – W/H on morning of 
surgery (esp. in those for non-HF 
use)

 Antibiotics (aminoglycosides, high 
dose penicillin and quinolones)

 IV contrast -> use iso-osmolar and 
low-osmolar non-ionic contrast

J Hosp Med 2008; 3:319–325.

Anesthesiology 2007; 106:218–225



Hydroxyethyl starch

 Increase risk of AKI and requirement of RRT in critically 
ill patients

 ESICM recommend not to use HES with molecular weight 
≥ 200 kDa and/or degree of substitution >0.4 

Mutter TC, Ruth CA, Dart AB. Cochrane Database Syst Rev. 2013 Jul 23;7:CD007594. 

European Society of Intensive Care Medicine. Intensive Care Med. 2012 Mar;38(3):368-83.



5 studies, ~400 patients





Is NS safe?

Lobo DN et al; Kidney Int. 2014 Apr 9



 Multiple trials (most of them 
observational) comparing NS with 
balanced crystalloid

 More likely to develop AKI and require 
RRT 

 Also more infective complications, blood 
transfusion requirement

 +/- higher mortality 

Anesth Analg 2013; 117: 412–421. 
Ann Surg 2012;255: 821–829 
JAMA 2012;308: 1566–1572 
Crit Care Med2011;39: 2419–2424



Transfusion and AKI in cardiac surgery

 18 observational studies

 Exact pathophysiology not clear

 Erythrocytes undergo irreversible 
morphological and biochemical changes 
during storage

 After transfusion, they can promote

 pro-inflammatory state

 impair tissue oxygen delivery

 exacerbate tissue oxidative stress

British Journal of Anaesthesia 109(S1): i29–i38 (2012)



Interventions for protecting renal 
function in the perioperative period

 Dopamine 
 Fenoldopam
 Diuretics
 Calcium channel blockers
Atrial natriuretic peptide
 N-acetyl cysteine
 Statin
 Erythropoietin (EPO)



Dopamine

 Infusions of dopamine were used as treatment in 11 
studies (~600 patients)

 No difference for the following:

 Rate of AKI

 Dopamine associated with small decrease of CrCl 
level 24-48hr postop

Heart Fail Rev (2011) 16:553–567



Fenoldopam

 4 studies with ~450 patients

 Decrease requirement of RRT 

 Increase CrCl postop

 However, 2 studies compare fenoldopam 
with dopamine and dopamine use may 
associate with decrease of CrCl

Heart Fail Rev (2011) 16:553–567



Diuretics

 5 trials, 250 patients

 No difference for the following:

 Rate of AKI

 Urine output 24 hours after operation

 Creatinine clearance at 24hrs 

 use Lasix has been shown to be not only ineffective but 
also detrimental, associated with higher postoperative 
Cr level and needs for RRT

Cochrane Database Syst Rev. 2013 Sep 11;9:CD003590.

Heart Fail Rev (2011) 16:553–567



Calcium Channel Blocker

 Six trials, 172 patients

 E.g. diltiazem, nicardipine and felodipine

 No difference for the following:

 Rate of AKI

 Urine output 24 hours after operation

 Creatinine clearance at 24hrs 

 Free water clearance 24 hours 

Cochrane Database Syst Rev. 2013 Sep 11;9:CD003590.



Atrial Natriuretic Peptide

 4 trials, 865 patients

 May have some AKI protective effect OR 0.23, 95% CI 
0.08 to 0.64)

 Significant reduction in the need for RRT was seen 
in postcardiac surgical patients with 
decompensated CHF who received low-dose 
infusions of recombinant human ANP

 No difference for the following:

 Urine output 24 hours after operation

 Creatinine clearance at 24hrs 

Cochrane Database Syst Rev. 2013 Sep 11;9:CD003590.



NAC

 5 trials with 600 patients

 No difference for the following:

 Rate of AKI

 Urine output 24 hours after operation

Cochrane Database Syst Rev. 2013 Sep 11;9:CD003590.



Statin

 17 observational studies, 46000 patients

 Lower mortality in statin users

 No difference on incidence of AKI 

 In isolated CABG patients, statin decrease 
requirement of RRT



Erythropoietin

 Provide immunomodulating effect and 
organ protection against ischemia-
reperfusion injury

 Pilot trial showed some beneficial effect

 Three RCTs, 278 CS patients give 
conflicting results (two negative vs one 
positive)

Crit Care. 2013 Oct 24;17(5):R254
BMC Nephrol. 2013 Jul 5;14(1):136
BMC Nephrol. 2012 Oct 3;13:132
Am J Nephrol. 2009;30(3):253-60



Conclusion

 No reliable evidence from the available 
literature suggests that interventions 
during surgery can protect the kidneys 
from damage (ANP/ Fenoldopam may be 
helpful)

 Variation of AKI definition may contribute 
to this findings

 Use of standard definition or renal 
biomarker may offer some help on this 
issue



The End



Perioperative management of dialysis 
dependent patients



HO YW et al; HKJN (2013) 15, 25-43



HO YW et al; HKJN (2013) 15, 25-43



HO YW et al; HKJN (2013) 15, 25-43



HO YW et al; HKJN (2013) 15, 25-43



HO YW et al; HKJN (2013) 15, 25-43



Trainor D et al; Seminar in dialysis 2011; 24(3); 314-26 



In order to limit the potential 
cardiovascular risk…

You should pay attention to the following 
issues during periop assessment



Dialysis Adequacy

 Cannot be assumed simply from the 
patient’s biochemical results

 Kt/V of 1.2 for three times weekly 
dialysis 

 Increased catabolic statues can occur 
during perioperative period which may 
required higher Kt/v level (e.g. alternate 
day dialysis)

Am J Kidney Dis 48(Suppl.1):S2– S90, 2006



Anemia

 Inadequate erythropoietin production is 
the major factor that results in anemia 
ESRF patients (resistance…catabolic / 
inflammatory condition)

 Target Hb level of 11-12g/dl with iron 
therapy and EPO

 Adjustment of EPO in periop period

Am J Kidney Dis 50:471–530, 2007



Why don’t we transfuse up 
the patients?

 Alloimmunization can occur against RBC 
or HLA antigens

 risk of sensitization after blood 
transfusion varies from 2% to over 25%, 
with even higher rates seen in patients 
with multiple transfusion

Semin Dial. 2012 Sep-Oct; 25(5): 539–544. 



 Reduces the chance of a patient receiving a transplant

 increase the risk of having a higher percentage of panel 
reactive activity 

 The presence of circulating donor-specific anti-HLA 
antibodies has been associated with hyperacute 
rejection, antibody-mediated rejection and an 
increased risk of graft failure



Other transfusion related 
complications

 Circulatory overload

 Transfusion associated ALI

 hyperkalemia



Blood pressure and fluid 
status

 Achieving the correct dry weight with 
optimization of fluid removal during preop 
HD sessions

 Adjusting the dose of antihypertensive drugs 



Nutrition

 Malnutrition is common 

 Dialysis inadequacy

 Chronic inflammation

 Medication side effects

 Poor wound healing, increase risk of 
wound infection

 EN/ PN support + adequate dialysis 
should be considered



Vascular access 

 Difficult vascular access 

 Presence of central venous stenosis / 
thrombosis should be noted

 HD catheter should not be used except in 
emergency

 Assess AVF / AVG function



Infection control

 Patients with end-stage renal 
disease are at increased risk of 
bacterial colonization and infection 
by resistant bugs (MRSA/ VRE/ ESBL)

 impact on the order of the 
operating list and use of 
prophylactic antibiotic 



Bleeding risk

 Contributed by PLT dysfunction, anemia, 
reduced von Willebrand factor activity, 
use of anti-PLT agents for CV 
complications

 clopidogrel should be discontinued 7 days 
prior to surgery



 Decrease bleeding risk by

 Adequate dialysis

 Aim Hb level ~10

 DDAVP 0.3 mcg/kg releases factor VIII and 
VWF from the endothelium (last 4-12hr)

 Cryoprecipitate (last for 12-24hr)

 conjugated estrogen administration (0.6 
mg/kg daily for 5 days) (peak effect 5-7d 
later)



Drugs

 Propofol: no significant change of pharmacokinetic in 
patients with ESRF – good induction agent

 Sevoflurane may react with carbon dioxide absorbents 
to produce a substance called Compound A, which is 
nephrotoxic in rat models -> has been used in renal 
disease and dialysis-dependent ESRD patients w/o 
problems



Drugs

 Patients with ESRF have below normal 
levels of plasma cholinesterase

 prolongation of action of the depolarizing 
muscle relaxant suxamethonium and the 
non-depolarizing relaxant mivacurium

 significant hyperkalemic response to 
suxamethonium is not observed in chronic 
renal failure provided the preoperative 
otassium level is within normal limits



Drugs

 non-depolarizing muscle relaxant drug 
atracurium and the stereoisomer cis-
atracurium undergo a process called 
Hofmann elimination – good NMB

 clinical effects of the amino-steroid 
muscle relaxant drugs vecuronium and 
rocuronium are significantly prolonged in 
renal failure because of reduced 
clearance -> should be avoided



Seminars in Dialysis—Vol 24, No 3 (May–
June) 2011 pp. 314–326



Postoperative renal support

 Hemodialysis should ideally be 
delayed until the risk of fluid shifts, 
and hemorrhage has fallen

 Citrate or predilutional CRRT vs 
heparin free HD



The End


