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Society of Cardiovascular Anesthesiologists Clinical 
Practice Update for Management of Acute Kidney 
Injury Associated With Cardiac Surgery
Ke Peng, MD, PhD,*† David R. McIlroy, MBBS,‡ Bruce A. Bollen, MD,§ Frederic T. Billings IV, MD,‡ 
Alexander Zarbock, MD,∥ Wanda M. Popescu, MD,¶ Amanda A. Fox, MD, MPH,# Linda Shore-Lesserson, 
MD,** Shaofeng Zhou, MD,†† Mariya A. Geube, MD, ‡‡ Fuhai Ji, MD, PhD,† Meena Bhatia, MD,§§ 
Nanette M. Schwann, MD,∥∥ Andrew D. Shaw, MB, FCCM, FFICM, FRCA,¶¶ and Hong Liu, MD, FASE*            

Cardiac surgery-associated acute kidney injury (CS-AKI) is common and is associated with increased 
risk for postoperative morbidity and mortality. Our recent survey of the Society of Cardiovascular 
Anesthesiologists (SCA) membership showed 6 potentially renoprotective strategies for which clini-
cians would most value an evidence-based review (ie, intraoperative target blood pressure, choice 
of specific vasopressor agent, erythrocyte transfusion threshold, use of alpha-2 agonists, goal-
directed oxygen delivery on cardiopulmonary bypass [CPB], and the “Kidney Disease Improving 
Global Outcomes [KDIGO] bundle of care”). Thus, the SCA’s Continuing Practice Improvement Acute 
Kidney Injury Working Group aimed to provide a practice update for each of these strategies in 
cardiac surgical patients based on the evidence from randomized controlled trials (RCTs). PubMed, 
EMBASE, and Cochrane library databases were comprehensively searched for eligible studies from 
inception through February 2021, with search results updated in August 2021. A total of 15 RCTs 
investigating the effects of the above-mentioned strategies on CS-AKI were included for meta-analy-
sis. For each strategy, the level of evidence was assessed using the Grading of Recommendations, 
Assessment, Development and Evaluation (GRADE) methodology. Across the 6 potentially renopro-
tective strategies evaluated, current evidence for their use was rated as “moderate,” “low,” or “very 
low.” Based on eligible RCTs, our analysis suggested using goal-directed oxygen delivery on CPB 
and the “KDIGO bundle of care” in high-risk patients to prevent CS-AKI (moderate level of GRADE 
evidence). Our results suggested considering the use of vasopressin in vasoplegic shock patients 
to reduce CS-AKI (low level of GRADE evidence). The decision to use a restrictive versus liberal 
strategy for perioperative red cell transfusion should not be based on concerns for renal protection  
(a moderate level of GRADE evidence). In addition, targeting a higher mean arterial pressure during 
CPB, perioperative use of dopamine, and use of dexmedetomidine did not reduce CS-AKI (a low 
or very low level of GRADE evidence). This review will help clinicians provide evidence-based care, 
targeting improved renal outcomes in adult patients undergoing cardiac surgery.  (Anesth Analg 
2022;00:00–00)

GLOSSARY
AKI = acute kidney injury; CVP = central venous pressure; AKIN = acute kidney injury network; 
ARR = absolute risk reduction; CABG = coronary artery bypass grafting; CI = confidence interval; 
CPB = cardiopulmonary bypass; CPI = continuing practice improvement; CS-AKI = cardiac surgery-
associated acute kidney injury; DECADE = Dexmedetomidine for Reduction of Atrial Fibrillation and 
Delirium After Cardiac Surgery; GRADE = Grading of Recommendations, Assessment, Development 
and Evaluation; Hb = hemoglobin; Hct = hematocrit; ICU = intensive care unit; KDIGO = Kidney 
Disease Improving Global Outcomes; MAP = mean arterial pressure; M-H = Mantel-Haenszel; 
PICCO = pulse index continuous cardiac output; RCT = randomized controlled trial; RIFLE = Risk-
Injury-Failure-Loss-End-stage renal disease; RR = risk ratio; RRT = renal replacement therapy; SCA 
= Society of Cardiovascular Anesthesiologists; sCr, serum creatinine
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Worldwide, >2 million cardiac surgical pro-
cedures are performed each year.1 Acute 
kidney injury (AKI) is the most frequent 

perioperative complication for patients undergoing 
cardiac surgery, with the reported incidence ranging 
from 5% to 42% depending on the definition of AKI 
used and type of surgery.2 Cardiac surgery-associated 
acute kidney injury (CS-AKI) is independently asso-
ciated with an increased risk for chronic kidney dis-
ease, a higher postoperative mortality, and increased 
health care cost.1,2 The development of consensus cri-
teria for AKI definition has enhanced our awareness 
of this possibly underdiagnosed complication after 
cardiac surgery. These criteria include Risk-Injury-
Failure-Loss-End-stage renal disease (RIFLE), acute 
kidney injury network (AKIN), and kidney disease 
improving global outcomes (KDIGO), which are used 
to define AKI based on increase in serum creatinine 
and/or reduced urinary output.3–5 However, there is 
no effective prophylactic or therapeutic treatment for 
patients with CS-AKI, and renal replacement therapy 
(RRT) is the only option to treat severe cases.

The etiology underlying CS-AKI remains incom-
pletely understood and probably multifactorial, 
involving renal ischemia-reperfusion injury, oxida-
tive stress, inflammation, hemolysis, and toxins.6 
Based on the results of our recent survey of Society 
of Cardiovascular Anesthesiologists (SCA) members, 
there were 6 potentially renoprotective strategies, for 
which clinicians were most interested in an evidence-
based review.7 These strategies include intraoperative 
target blood pressure, choice of specific vasopres-
sor agent, erythrocyte transfusion threshold, use of 
alpha-2 agonists, goal-directed oxygen delivery on 
cardiopulmonary bypass (CPB), and the “KDIGO 
bundle of care.” In this context, the SCA’s Continuing 
Practice Improvement (CPI) Acute Kidney Injury 
Working Group aimed to provide a practice update on 
these 6 topics to support decision-making in the pre-
vention of CS-AKI through a comprehensive search 
of randomized controlled trials (RCTs), data pooling 
using meta-analysis, and a rigorous assessment of the 
levels of evidence for each interventional strategy.

METHODS
Working Group
The SCA’s CPI Acute Kidney Injury Working Group 
includes members from the United States and inter-
national experts. The working group systematically 
searched the most recent literature to identify eligible 
RCTs that investigated potentially renoprotective 
strategies based on our recent survey of clinicians. A 
consensus within the working group was achieved to 
complete this clinical practice update. Informed by 
a recent survey of SCA members,7 discussions were 
conducted and group consensus achieved to define 

our database search criteria, coordinate evaluation of 
included manuscripts, and develop a timeline for this 
project, through telephone calls, emails, and a CPI-
AKI working group meeting.

Literature Search and Trial Selection
The PubMed, EMBASE, and Cochrane library data-
bases were comprehensively searched for relevant 
publications from inception to February 2021, and 
updated in August 2021, using medical subject head-
ing terms combined with text words (Supplemental 
Digital Content, Table, http://links.lww.com/AA/
D952). The reference lists of relevant publications 
were also checked manually for additional studies.

The working group predefined eligibility crite-
ria for this systematic review. To be included in the 
review, studies had to meet the following inclusion 
criteria: (1) study design: RCT, (2) patients: adults 
undergoing cardiac surgery, (3) outcome measure: 
postoperative AKI, (4) interventions: intraoperative 
target blood pressure, choice of specific vasopres-
sor agent, erythrocyte transfusion threshold, use of 
alpha-2 agonists, goal-directed oxygen delivery on 
CPB, or the “KDIGO bundle of care,” (5) total sam-
ple size: n ≥80 for final analysis, and (6) published in 
major journals, defined as journals with Impact Factor 
≥1.0 in Journal Citation Reports 2020. Studies that did 
not meet these criteria were excluded. Any discrep-
ancy over trial selection was resolved by reevalua-
tion of the full-text study and a consensus within the 
working group.

Data Synthesis
Data synthesis was performed using meta-analysis 
with the RevMan software (version 5.3; Cochrane 
Collaboration). For each potentially renoprotective 
strategy, the effect size of the intervention compared 
with control for the outcome of postoperative AKI 
was estimated and reported as the risk ratio (RR) with 
95% confidence interval (CI). A random-effects model 
was applied for data synthesis.8 The heterogeneity 
among studies was evaluated using the I2 method, 
with I2 >50% indicating a significant heterogeneity.9 A 
2-sided P value <.05 indicated a statistically signifi-
cant difference.

Level of Evidence Assessment
The quality of each included study was assessed 
in 5 domains, including risk of bias, inconsistency, 
indirectness, imprecision, and other considerations. 
Thereafter, the level of evidence for each interven-
tional strategy was assessed using the Grading of 
Recommendations, Assessment, Development and 
Evaluation (GRADE) methodology (GRADEpro GDT 
software, available online: https://gdt.gradepro.
org).10 The absolute effect with 95% CI was estimated. 

http://links.lww.com/AA/D952
http://links.lww.com/AA/D952
https://gdt.gradepro.org
https://gdt.gradepro.org
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The level of evidence was rated as high, moderate, 
low, or very low based on the quality assessment 
in each domain. An assessment of “serious” in each 
domain downgrades the certainty by 1 score and a 
“very serious” downgrades the certainty by 2 scores. 
As CS-AKI is a frequent complication that leads to 
increased postoperative chronic kidney disease and 
mortality, the importance of this topic was judged 
as “critical.” Any discrepancy over the level of evi-
dence assessment was resolved by reevaluation of the 
full-text studies and a consensus within the working 
group.

RESULTS
Literature Search
The flow diagram of literature search is shown in 
Figure  1. A total of 569 publications were initially 
identified through database search. Of these, 70 dupli-
cate records and 484 ineligible articles were excluded. 
Finally, a total of 15 RCTs were included in this sys-
tematic review.11–25

Study Characteristics
Table 1 shows the characteristics of the 15 RCTs, includ-
ing region, procedure type, sample size, intervention 
and control treatments, main findings on CS-AKI, 
definitions of AKI, and journal (Impact Factor). The 

most performed procedures were coronary artery 
bypass grafting (CABG) and/or valve surgery. The 
definitions of AKI included RIFLE, AKIN, KDIGO, 
and specific changes in serum creatinine. Three RCTs 
(n = 579) investigated target blood pressure during 
CPB,11–13 1 RCT (n = 123) observed perioperative use 
of dopamine,14 1 RCT (n = 300) compared vasopres-
sin with norepinephrine for vasoplegic shock after 
surgery,15 2 RCTs with 5033 patients assessed intraop-
erative erythrocyte transfusion threshold,16,17 4 RCTs 
with 1387 patients evaluated perioperative use of dex-
medetomidine,18–21 2 RCTs (n = 601) explored the goal-
directed oxygen delivery on CPB,22,23 and 2 RCTs (n = 
554) utilized the “KDIGO bundle of care” in high-risk 
cardiac patients.24,25

Summary of Outcomes
The effects of each interventional strategy versus 
control on the incidence of CS-AKI are presented in 
Table  2. For the use of dopamine and vasopressin, 
only 1 study was included for each outcome, and 
thus, data synthesis using meta-analysis could not be 
done.

Figure  2 shows the results of meta-analysis. A 
higher target for mean arterial pressure (MAP) dur-
ing CPB did not reduce the incidence of CS-AKI 
(18.3% vs 14.6%; RR, 1.28; 95% CI, 0.76–2.14; P = .35; I2, 

Figure 1. Flow diagram of literature search.
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Table 1. Study Characteristics

Study Region Procedure N

Interventional and control 
treatments, and main findings  
on CS-AKI AKI definition

Journal 
(IF2020)

Intraoperative target blood pressure
  Azau et al 201411 France CABG, valve, or 

aorta, with CPB
292 A high level of MAP (75–85 mm 

Hg) versus control (MAP, 50–60 
mm Hg) during normothermic 
CPB did not reduce the risk 
of AKI.

30% rise in sCr Perfusion (1.97)

  Kandler et al 
201912

Denmark CABG + valve, with 
CPB

90 Arterial pressure >60 mmHg 
versus control (MAP, 47 mm 
Hg) during CPB did not reduce 
the incidence of AKI or chronic 
kidney injury at postoperative 
4 mo.

RIFLE J Cardiothorac 
Sur (1.64)

  Vedel et al 201813 Denmark CABG and/or 
valve, with CPB

197 A higher MAP (70–80 mm Hg) 
versus control (MAP, 40–50 
mm Hg) increased the number 
of patients with postoperative 
doubling of sCr.

sCr ≥2 times of 
baseline

Circulation 
(29.7)

Choice of specific vasopressor agent
  Lassnigg et al 

200014

Austria CABG and/or 
valve, with CPB

123 Renal-dose dopamine (2 μg/kg/
min) versus control (normal 
saline placebo) is ineffective for 
preventing AKI.

∆Creamax > 0 > 
0.5 mg/dL

J Am Soc 
Nephrol 
(10.12)

  Hajjar et al 201715 Brazil CABG and/or 
valve, with CPB

300 For vasoplegic shock after surgery, 
vasopressin versus control 
(norepinephrine) titrated to 
maintain MAP ≥65 mm Hg 
reduced AKI when compared to 
norepinephrine.

AKIN Anesthesiology 
(7.89)

Erythrocyte transfusion threshold
  Garg et al 201916 73 centers in 

19 countries
CABG and/or 

valve, or other, 
with CPB

4531 A restrictive threshold for 
transfusion (Hb < 7.5 g/
dL) versus control (a liberal 
strategy; 9.5 g/dL in the 
operating room or ICU, or 8.5 
g/dL on the ward) reduced 
erythrocyte transfusion without 
increasing AKI risk.

∆sCr ≥0.3 mg/
dL within 48 
h or ≥50% 
within 7 d

J Am Soc 
Nephrol 
(10.12)

  Hajjar et al 201017 Brazil CABG and/or 
valve, with CPB

502 A restrictive transfusion (to 
maintain Hct ≥24%) versus 
control (a liberal strategy of Hct 
≥30%) led to noninferior rates 
of 30-d mortality and severe 
morbidity, including AKI.

RIFLE JAMA (56.27)

Use of dexmedetomidine
  Cho et al 201618 Korea Valve with CPB 200 Dexmedetomidine 0.4 μg/kg/h 

for 24 h versus control (normal 
saline placebo) starting after 
anesthesia induction reduced 
the incidence and severity of 
AKI.

AKIN Kidney Int 
(10.61)

  Li et al 201719 Two centers in 
China

CABG and/or 
valve, 57%–58% 
with CPB

285 Dexmedetomidine (0.6 μg/
kg for 10 min, 0.4 μg/kg/h 
until the end of surgery, and 
0.1 μg/kg/h until the end of 
mechanical ventilation)versus 
control (normal saline placebo) 
did not affect the incidence 
of AKI.

KDIGO PLoS One (3.24)

  Soh et al 202020 Korea Aorta with CPB 108 Dexmedetomidine 0.4 μg/kg/h 
for 24 h versus control (normal 
saline placebo) starting after 
induction reduced the incidence 
of AKI.

KDIGO Br J Anaesth 
(9.17)

(Continued )
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  Turan et al 202021 Six centers in 
the United 
States

CABG and/or 
valve, aorta 
with CPB

794 Dexmedetomidine versus control 
(normal saline placebo) 
initiated at anesthetic induction 
and continued for 24 h did not 
decrease atrial arrhythmias, 
delirium, or AKI.

AKIN Lancet (79.32)

Goal-directed oxygen delivery on CPB
  Ranucci et al 

201822

Nine centers in 
7 countries

CABG and/or 
valve, aorta 
with CPB

326 A goal-directed perfusion strategy 
of maintaining oxygen delivery 
≥280 mL/min/m2 versus 
control (a conventional 
perfusion strategy of target 
pump flow 2.4 L/min/m2) 
during CPB is effective for 
reducing AKI.

AKIN J Thorac 
Cardiovasc 
Surg (5.21)

  Mukaida et al 
202123

Japan CABG and/or 
valve, or other, 
with CPB

275 Maintaining an oxygen delivery 
index value >300 mL/min/m2 
versus control (a conventional 
strategy of target pump flow 2.6 
L/min/m2) during CPB reduced 
the incidence of AKI.

KDIGO J Thorac 
Cardiovasc 
Surg (5.21)

The “KDIGO bundle of care”
  Meersch et al 

201724

Germany CABG and/or 
valve, other

276 A “KDIGO bundle of care” (volume 
and hemodynamic optimization, 
avoidance of nephrotoxic drugs, 
and preventing hyperglycemia) 
versus control (a standard care 
including MAP >65 mm Hg and 
CVP 8–10 mm Hg) reduced the 
incidence and severity of AKI in 
high-risk cardiac patients.

KDIGO Intensive Care 
Med (17.44)

  Zarbock et al 
202125

12 centers in 
Europe

CABG and/or 
valve, or other, 
with CPB

278 A KDIGO bundle (volume and 
hemodynamic optimization, 
functional hemodynamic 
monitoring, avoidance of 
nephrotoxic drugs, and 
prevention of hyperglycemia) 
versus control (a standard 
care including MAP >65 mm 
Hg and CVP 8–10 mm Hg) did 
not reduce all types of AKI, 
but reduced the occurrence of 
moderate and severe AKI in 
high-risk patients.

KDIGO Anesth Analg 
(5.11)

Abbreviations: AKI, acute kidney injury; AKIN, acute kidney injury network; CABG, coronary artery bypass graft; CPB, cardiopulmonary bypass; CS-AKI, cardiac 
surgery-associated acute kidney injury; CVP, central venous pressure; ICU, intensive care unit; IF, Impact Factor in Journal Citation Reports 2020; KDIGO, Kidney 
Disease Improving Global Outcomes; MAP, mean arterial pressure; RIFLE, Risk-Injury-Failure-Loss-End-stage renal disease.

Table 2. Summary of Outcomes

Interventions on AKI incidence
Intervention group 
no./total

Control group  
no./total Risk ratio (95% CI) P value I2 (%)

A high target blood pressure during CPB 53/289 (18.3%) 42/288 (14.6%) 1.28 (0.76–2.14) .35 42
Perioperative use of dopamine 1/42 (2.4%) 0/40 (0%) 2.86 (0.12–68.23) .52 NA
Postoperative use of vasopressin in vasoplegic shock 

patients
50/149 (33.6%) 95/151 (62.9%) 0.53 (0.41–0.69) <.00001 NA

A restrictive transfusion threshold 634/2500 (25.4%) 649/2533 (25.6%) 0.99 (0.90–1.09) .84 0
Perioperative use of dexmedetomidine 99/685 (14.5%) 124/686 (18.1%) 0.71 (0.41–1.21) .21 77
Goal-directed oxygen delivery on CPB 44/293 (15%) 84/308 (27.3%) 0.55 (0.40–0.76) .0004 0
Use of “KDIGO bundle of care” in high-risk patients 139/274 (50.7%) 158/280 (56.4%) 0.91 (0.63–1.32) .63 81
Use of “KDIGO bundle of care” in high-risk patients 

(stage 2/3 AKI)
60/274 (21.9%) 96/280 (34.3%) 0.64 (0.49–0.84) .001 0

Abbreviations: AKI, acute kidney injury; CI, confidence interval; CPB, cardiopulmonary bypass; KDIGO, Kidney Disease Improving Global Outcomes.

Table 1. Continued

Study Region Procedure N

Interventional and control 
treatments, and main findings  
on CS-AKI AKI definition

Journal 
(IF2020)
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Figure 2. Pooling data using meta-analysis. A, Target MAP during CPB. B, Threshold for transfusion. C, Use of dexmedetomidine. D, Goal-
directed oxygen delivery on CPB. E, Use of “KDIGO bundle of care” in high-risk patients. F, Use of “KDIGO bundle of care” in high-risk patients 
to prevent stage 2/3 AKI. CI indicates confidence interval; CPB, cardiopulmonary bypass; KDIGO, Kidney Disease Improving Global Outcomes; 
MAP, mean arterial pressure; M-H, Mantel-Haenszel.
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42%) (Figure 2A). The use of a restrictive transfusion 
threshold did not influence CS-AKI (25.4% vs 25.6%; 
RR, 0.99; 95% CI, 0.90–1.09; P = .84; I2, 0%) (Figure 2B). 
Perioperative dexmedetomidine use did not reduce 
the incidence of CS-AKI (14.5% vs 18.1%; RR, 0.71; 
95% CI, 0.41–1.21; P = .21; I2, 77%) (Figure 2C). A goal-
directed oxygen delivery strategy on CPB reduced 
the incidence of CS-AKI (15% vs 27.3%; RR, 0.55; 95% 
CI, 0.40–0.76; P = .0004; I2, 0%) (Figure 2D). In high-
risk patients, use of the “KDIGO bundle of care” did 
not reduce the over-all incidence of CS-AKI (50.7% 
vs 56.4%; RR, 0.91; 95% CI, 0.63–1.32; P = .63; I2, 81%) 
(Figure 2E), but did reduce moderate to severe (stages 
2 and 3) AKI (21.9% vs 34.3%; RR, 0.64; 95% CI, 0.49–
0.84; P = .001; I2, 0%) (Figure 2F, based on the same 2 
RCTs as in Figure 2E).

GRADE Evidence Profile
The levels of GRADE evidence are shown in Table 3. 
Targeting a higher blood pressure during CPB did 
not reduce CS-AKI, with a low level of GRADE evi-
dence due to serious risk of bias and serious impreci-
sion. Perioperative use of dopamine did not decrease 
CS-AKI, with a very low level of GRADE evidence 
due to very serious imprecision and other consider-
ations (only 1 RCT included). Postoperative use of 
vasopressin in patients with vasoplegic shock led to 
a decrease in CS-AKI, with a low level of GRADE evi-
dence due to only 1 RCT included. A restrictive thresh-
old for intraoperative erythrocyte transfusion did not 
influence CS-AKI, with a moderate level of GRADE 
evidence due to serious other considerations (only 2 
RCTs included). Perioperative use of dexmedetomi-
dine did not lead to decreased CS-AKI, with a low 
level of GRADE evidence due to very serious incon-
sistency. The goal-directed oxygen delivery on CPB 
reduced CS-AKI, with a moderate level of GRADE 
evidence due to only 2 RCTs included. The use of the 
“KDIGO bundle of care” in high-risk patients did not 
reduce CS-AKI overall (a very low level of GRADE 
evidence due to very serious inconsistency and only 2 
RCTs included), but did reduce stage 2/3 AKI (a mod-
erate level of GRADE evidence due to only 2 RCTs 
included).

DISCUSSION
This systematic review and meta-analysis suggest 
that (1) goal-directed oxygen delivery on CPB may 
reduce the incidence of CS-AKI; (2) implementing 
the “KDIGO bundle of care” in high-risk patients 
may reduce moderate-to-severe AKI; and (3) the use 
of vasopressin in patients with vasoplegic shock may 
reduce CS-AKI. The risk for CS-AKI was not altered 
by any of: a restrictive versus liberal transfusion strat-
egy, a higher versus conventional MAP target during 

CPB, and perioperative dopamine administration or 
dexmedetomidine administration.

Intraoperative Target Blood Pressure
A recent retrospective study showed that MAP <65 
mm Hg for 10 minutes or more after CPB was asso-
ciated with an increased risk of new postoperative 
RRT.26 However, there was no association between 
hypotension before and during CPB with RRT in this 
study.26 In addition, the association between intraop-
erative hypotension and AKI was not strong, when 
compared with preexisting and procedure-related 
factors, such as obesity, anemia, renal insufficiency, 
heart failure, and complex or emergent surgery. Thus, 
whether there is a causal link between the intraopera-
tive level of MAP and CS-AKI remains unknown.

In 2 RCTs, the authors hypothesized that a higher 
target MAP during CPB would reduce the incidence 
of CS-AKI.11,12 While the range for renal autoregula-
tion is 75 to 160 mm Hg in normal conditions,27 MAP 
during CPB is typically below the lower limit of this 
range, and increasing the level of blood pressure dur-
ing this period would represent a readily achievable 
renoprotective strategy, if demonstrated effective. 
However, Azau et al11 found no difference in the inci-
dence of AKI when targeting an MAP of 75 to 80 mm 
Hg compared to an MAP of 50 to 60 mm Hg during 
normothermic CPB in patients undergoing CABG, 
valve, or aorta surgical procedures. A further study 
demonstrated that targeting an MAP >60 mm Hg dur-
ing CPB compared to a control group with no specific 
target pressure during CPB did not reduce the inci-
dence of AKI or chronic kidney injury at 4 months 
postoperatively.12 In addition, Vedel et al13 hypoth-
esized that, when compared to a target MAP of 40 to 
50 mm Hg during CPB, a target MAP of 70 to 80 mm 
Hg during CPB would reduce brain injury after car-
diac surgery. However, they found that the number of 
patients with postoperative doubling of serum creati-
nine was higher in the high-target MAP group than in 
the low-target MAP group. Our pooled analysis did 
not find a reduction in the risk of CS-AKI by target-
ing a higher MAP during CPB (a low level of GRADE 
evidence).

Intraoperative Choice of Specific Vasopressors
Intravenous catecholamines (norepinephrine and epi-
nephrine), vasopressin, dopamine, and angiotensin II 
all increase systemic vascular resistance and can be 
used to increase blood pressure during surgery. Some 
studies have reported the effect of the use of different 
agents during cardiac surgery on postoperative AKI, 
and we can also extrapolate some results from inten-
sive care unit (ICU) cardiac surgery patient studies to 
inform intraoperative use of different agents.
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There is one study evaluating the effect of intraop-
erative dopamine on renal outcomes. Lassnigg et al14 
reported that 2-μg/kg/min dopamine may even increase 
the occurrence of AKI in patients who underwent CABG 
and/or valve surgical procedures. Our results showed 
that perioperative use of dopamine did not prevent 
CS-AKI (a very low level of GRADE evidence).

In patients with postcardiac surgery vasoplegic 
shock (defined as MAP <65 mm Hg, resistant to fluid 
challenge, and cardiac index >2.2 L/min2/m2), Hajjar 
et al15 showed that vasopressin reduced the odds of 
acute renal failure by 74% (10.3% vs 35.8%; P < .0001) 
when compared to norepinephrine. Some poten-
tially important differences between study groups 
and methodologic irregularities around altering the 
primary end point and intention to treat analysis 
have been raised,28 but these data suggest that it is 
reasonable to use vasopressin as a first-line vasoac-
tive agent to treat vasoplegia after cardiac surgery. 
However, in 2018, the Acute Kidney Quality Group 
recommended using norepinephrine as a first choice 
over vasopressin to treat vasoplegia during cardiac 
and vascular surgeries.29 Their summary table stated 
that more research was needed before recommending 
vasopressin as equal choice to norepinephrine. This 
decision was made after considering Hajjar’s article 
and the methodological concerns related to the study. 
Angiotensin II may be a promising agent to treat vaso-
dilatory shock.30 Nonetheless, angiotensin II is not 
widely used in cardiac surgery cohorts, and its role 
in the management of hypotension in cardiac surgery 
patients remains to be determined.

Taken together, it appears reasonable to use norepi-
nephrine as a first-line agent, add vasopressin if hypo-
tension is refractory to norepinephrine, if patients 
have pulmonary hypertension, or patients have mod-
erate-severe right ventricular dysfunction, and con-
sider additional catecholamine-sparing agents such 
as hydroxocobalamin, methylene blue, or high-dose 
ascorbate only as rescue agents. Their benefit has not 
been confirmed in rigorous clinical trials. Therefore, 
our study suggests considering the use of vasopressin 
in vasoplegic shock patients to reduce CS-AKI (a low 
level of GRADE evidence).

Intraoperative Erythrocyte Transfusion Threshold
The optimal threshold for intraoperative erythrocyte 
transfusion is of great importance, because both ane-
mia and erythrocyte transfusion are independently 
associated with CS-AKI.31,32 In the substudy of a large 
randomized noninferiority trial with 4531 cardiac sur-
gical patients, Garg et al16 demonstrated that a restric-
tive threshold for transfusion (hemoglobin [Hb] <7.5 
g/dL, intraoperatively and postoperatively), com-
pared with a liberal one (9.5 g/dL in the operating 
room or ICU or 8.5 g/dL in the nonintensive care 

ward), reduced erythrocyte transfusions without 
increasing the risk for AKI. In addition, a restrictive 
transfusion (to maintain a hematocrit [Hct] ≥24%) 
compared with a liberal one (Hct ≥30%) led to nonin-
ferior postoperative outcomes, including 30-day mor-
tality and renal complications.17

A recent meta-analysis also supports the use of a 
restrictive erythrocyte transfusion threshold in adults 
undergoing cardiac surgery, with noninferior out-
comes including acute myocardial infarction, cere-
brovascular accidents, pulmonary morbidity, AKI, 
postoperative infection, and 30-day mortality.33 Thus, 
the results of our analysis based on RCTs suggest 
that the decision to use a restrictive versus liberal 
strategy for perioperative red cell transfusion should 
not be based on renal protection (a moderate level of 
GRADE evidence).

Intraoperative Dexmedetomidine  
(Alpha-2 Agonists)
The existing evidence for the effects of dexmedeto-
midine on CS-AKI is inconsistent. In 2 RCTs, dexme-
detomidine infusion at a rate of 0.4 μg/kg/h for 24 
hours initiated after anesthesia induction reduced 
the incidence of AKI in patients undergoing valve 
or aortic surgical procedures.18,20 However, Li et al19 
found that dexmedetomidine (0.6 μg/kg for 10 min-
utes, 0.4 μg/kg/h until the end of surgery, and 0.1 
μg/kg/h until the end of mechanical ventilation) did 
not affect the incidence of AKI in patients undergoing 
CABG and/or valve surgery. In the recent DECADE 
(Dexmedetomidine for Reduction of Atrial Fibrillation 
and Delirium After Cardiac Surgery) study, the 
authors showed that dexmedetomidine infusion, at 
a stepwise increased infusion rate of 0.1 to 0.4 μg/
kg/h from anesthetic induction until postoperative 24 
hours, even worsened delirium and AKI after cardiac 
surgery, although not by a significant amount.21 More 
clinically, important hypotension events occurred in 
patients receiving dexmedetomidine, and the authors 
suggested that dexmedetomidine should be used cau-
tiously in patients undergoing cardiac surgery.

Two recent meta-analyses showed that periopera-
tive dexmedetomidine use helped to reduce the inci-
dence of CS-AKI, especially when dexmedetomidine 
was started right after anesthesia induction and infused 
intraoperatively in elderly patients.8,34 However, these 
previous meta-analyses did not include the most recent 
DECADE study. Including results of the DECADE 
study into our pooled analysis, the perioperative use 
of dexmedetomidine did not reduce the incidence of 
CS-AKI. There is a substantial heterogeneity (I2 = 77%) 
among the included studies, which downgrades the 
GRADE evidence to a low level. Our results do not 
support using dexmedetomidine for the purpose of 
reducing CS-AKI (a low level of GRADE evidence).
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Goal-Directed Oxygen Delivery on CPB
Observational studies have identified nadir oxygen 
delivery while on CPB as a potentially modifiable risk 
factor for the development of AKI.35–37 The concept of 
goal-directed perfusion is to maintain oxygen deliv-
ery on CPB above a critical value, suggested to be in 
the range of 260 to 272 mL/min/m2 during moder-
ately hypothermic CPB.36 Ranucci et al22 performed an 
RCT to test the hypothesis that a goal-directed oxy-
gen delivery approach on CPB would reduce CS-AKI. 
Patients in the interventional group received a specific 
intervention that aimed to maintain oxygen delivery 
≥280 mL/min/m2 during CPB based on adjustment of 
the arterial pump flow and Hct. If the oxygen deliv-
ery was still below the threshold after increasing the 
pump flow, 1 unit of red blood cells was transfused 
to maintain venous oxygen saturation >68% and the 
oxygen extraction rate <40%. Patients in the control 
group received arterial pump flow at a target value 
of 2.4 L/min/m2 at normothermia. Goal-directed 
oxygen delivery on CPB reduced the incidence of 
AKI, especially AKIN stage 1 AKI (18/156 [11.5%] 
vs 38/170 [22.4%]). Later, Mukaida et al23 confirmed 
that maintaining an oxygen delivery index value >300 
mL/min/m2 during CPB reduced the incidence of 
AKI. Both of these trials report an approximate 50% 
reduction in rates of AKI with goal-directed oxygen 
delivery on CPB. However, the sample size, quality, 
variation in intervention protocol, and other limita-
tions of these trials suggest that effect estimates for 
the renoprotective effect of goal-directed perfusion 
are likely to change with further evidence. Thus, the 
level of GRADE evidence was rated as moderate for 
this strategy. Further studies are needed to better 
characterize the effect of this intervention and any 
potentially associated adverse effects. It should also 
be noted that maintaining a high or low fraction of 
delivered oxygen during CPB, irrespective of flow 
and oxygen delivery, has not been shown to impact 
AKI.38 Based on these studies, together with the rela-
tive ease of implementation of the strategy and little 
evidence of adverse effects, the use of goal-directed 
oxygen delivery on CPB to prevent CS-AKI appears 
reasonable (a moderate level of GRADE evidence).

The “KDIGO Bundle of Care”
The complex pathophysiology of CS-AKI makes 
it unlikely that significant renoprotection will be 
achieved through a single pharmacological or non-
pharmacological intervention. Targeted care, involv-
ing the implementation of a bundle of interventions 
based on a consensus management guideline in 
patients at risk for AKI, might be expected to pro-
vide more potent beneficial effects on renal outcomes. 
Meersch et al24 investigated whether implementation 
of a “bundle of care” in strict accordance with the 

KDIGO guidelines could prevent CS-AKI in high-risk 
patients. These high-risk patients were identified by 
AKI biomarkers. The “KDIGO bundle of care” con-
sists of optimization of hemodynamic and volume 
status by close monitoring using a pulse index con-
tinuous cardiac output (PICCO) catheter, avoidance 
of nephrotoxic agents (such as radiocontrast agents, 
aminoglycosides, aprotinin, and so on), prevention of 
hyperglycemia for the first 72 hours postoperatively, 
discontinuation of angiotensin-converting enzyme 
inhibitors and angiotensin II receptor blockers for 
the first postoperative 48 hours, and close monitor-
ing of serum creatinine and urine output. In high-risk 
patients for CS-AKI, this “KDIGO bundle of care” 
strategy significantly reduced the incidence (76/138 
[55.1%] vs 99/138 [71.7%]; absolute risk reduction 
[ARR], 16.6%; 95% CI, 5.5–27.9; P = .004) and sever-
ity of AKI (moderate and severe AKI, 41/138 [29.7%] 
vs 62/138 [44.9%]; ARR, 15.2%; 95% CI, 4.0–26.5;  
P = .009) after cardiac surgery.

A recently published multicenter RCT investigated 
the feasibility of implementing a bundle of support-
ive measures based on the KDIGO guideline in high-
risk patients undergoing cardiac surgery.25 The study 
included 278 patients, and it was demonstrated that 
65.4% of patients in the intervention group received 
the complete bundle as compared to 4.2% in the con-
trol group (ARR, 61.2%; 95% CI, 52.6–69.9; P < .001). 
The incidence of moderate and severe AKI (ie, stage 
2 and 3 AKI) was significantly lower in the interven-
tion group than in the control group (14.0% vs 23.9%; 
ARR, 10.0%; 95% CI, 0.9–19.1; P = .034). In line with 
these results, Engelman et al39 also demonstrated, in a 
quality improvement initiative, that implementation 
of the KDIGO-bundle in high-risk patients signifi-
cantly reduced the incidence of stage 2 or 3 AKI.

Our pooled analysis found that the use of the 
“KDIGO bundle of care” did not reduce the overall 
incidence of AKI in high-risk patients (a very low 
level of GRADE evidence), but significantly reduced 
the incidence of stage 2 or 3 AKI (a moderate level 
of GRADE evidence). While a larger definitive trial is 
still needed, this working group suggests consider-
ing the use of the “KDIGO bundle of care” strategy in 
patients at high risk for AKI to prevent CS-AKI.

Other Possible Renoprotective Strategies
A recent meta-analysis included 228 trials enrolling 
56,047 patients to evaluate pharmacological inter-
ventions for renoprotection in patients undergoing 
surgery.40 The authors found that the use of atrial 
natriuretic peptides (14 trials; n = 2207) reduced 
30-day mortality (RR, 0.63; 95% CI, 0.41–0.97) and 
AKI events (RR, 0.43; 95% CI, 0.33–0.56), and that 
these effects were consistent across the subgroups of 
cardiac surgery and vascular surgery. In addition, the 
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use of inodilators (13 trials; n = 2941) reduced mortal-
ity (RR, 0.71; 95% CI, 0.53–0.94) and AKI events (RR, 
0.65; 95% CI, 0.50–0.85) in cardiac surgery patients.

Strengths and Limitations
Our study has several important strengths and limi-
tations. The systematic review and meta-analysis, 
with structured application of GRADE methodology 
to evaluate the level of evidence for each potential 
strategy, ensured objective and reproducible results. 
Including only those RCTs with ≥80 participants and 
published in major journals may have excluded oth-
erwise eligible trials and observational studies. Our 
goal, however, was to provide clinicians with a suc-
cinct summary of the current evidence to aid their 
clinical decision-making. Inclusion of nonrandom-
ized and small studies would have resulted in fur-
ther downgrading our assessment of the quality of 
evidence for any given strategy. Instead, we chose 
to focus the analysis on higher quality studies with 
more stable estimates for an intervention’s effect size 
and, although arbitrary, this was based on previously 
used criteria.41 The limited number of high-quality, 
randomized trials addressing each strategy was 
insufficient to support making specific recommenda-
tions but, importantly, serves to highlight the ongo-
ing uncertainty around the true renal effects of these 
strategies and need for additional research. Moreover, 
the heterogeneity in observed incidence of AKI across 
included studies (13.6%–56.4%) also highlights the 

uncertainty regarding the generalizability of results 
from the included studies to other populations. Our 
review focused on only 6 potential renoprotective 
strategies for patients undergoing cardiac surgery. 
While other strategies such as atrial natriuretic pep-
tide, inodilators, and remote ischemic precondition-
ing were not included in our review, the included 
strategies were based on our recent survey of the SCA 
membership to reflect those strategies for which the 
membership most wanted an evidence-based, expert 
review.7

CONCLUSIONS
CS-AKI is common and is associated with increased 
risk for postoperative morbidity and mortality. In this 
practice update of the SCA’s CPI Acute Kidney Injury 
Working Group, a total of 15 RCTs involving 6 poten-
tially renoprotective strategies were systematically 
reviewed (Figure  3). Based on a moderate level of 
GRADE evidence, the authors believe that the current 
evidence supports potential renoprotective benefit 
from goal-directed oxygen delivery on CPB (main-
taining oxygen delivery at ≥280–300 mL/min/m2)  
and the “KDIGO bundle of care” (optimization of 
hemodynamic and volume, functional hemody-
namic monitoring, avoidance of nephrotoxic drugs, 
and prevention of hyperglycemia) in patients at high 
risk for AKI undergoing cardiac surgery. In addition, 
we believe that the use of vasopressin in vasoplegic 
shock patients might potentially reduce CS-AKI. Our 

Figure 3. Summary on the management of CS-AKI. CPB indicates cardiopulmonary bypass; CS-AKI, cardiac surgery-associated acute kidney 
injury; GRADE, Grading of Recommendations, Assessment, Development and Evaluation; KDIGO, Kidney Disease Improving Global Outcomes.
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results do not support modifying/selecting transfu-
sion threshold, targeting a higher MAP during CPB, 
or using dopamine or dexmedetomidine for the pur-
pose of reducing CS-AKI. E
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