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The initiation of early renal-
replacement therapy for acute
kidney injury following cardiac
surgery remains controversial,
with data supporting both
accelerated and delayed
strategies.

See Commentaries on pages 198 and 200.
Feature Editor Note—Cardiac surgery–associated acute
kidney injury (AKI) is common and has significant prog-
nostic implications, including the substantial long-term ef-
fects of persistent renal failure and a clear impact in
mortality. Moreover, fluid overload is a frequent conse-
quence of perioperative resuscitation in the early stages
of recovery after cardiac surgery, specifically after complex
procedures with massive fluid shifts. An important compo-
nent of the approach to manage severe AKI is the use of
renal-replacement therapy (RRT). Timing of initiation of
RRT for AKI with or without volume overload is a contro-
versial dilemma that we encounter frequently in periopera-
tive cardiothoracic care. Broadly speaking, there is no
difference in mortality when evaluating accelerated or early
RRT initiation versus delayed or only starting RRT when
absolutely indicated in critically ill patients, and data in
cardiac surgery are conflicting at best. There may be benefit
from early RRT in subsets of cardiac surgical patients, but
also there appears to be a significant number of patients
who recover renal function in whom initiation of RRT could
be detrimental or counterproductive.

In this invited expert opinion paper, Dr Merritt-Genore
and colleagues review this controversial and timely topic.
The authors start by acknowledging the different definitions
of AKI and the fact that currently there are no clear tools to
determine whether AKI is likely to be transient or persistent
at time of diagnosis, data that would help determine when
would be best to have a careful watchful approach versus
early RRT. The authors go on to review the data for the
timing of RRT in critically ill patients in general, followed
by segments specific to cardiac surgery and special patient
populations, such as those with left ventricular assist de-
vices, heart transplant recipients, and those receiving extra-
corporeal membrane oxygenation complicated with AKI.

The debate is not settled. It is clear that having more tools
to determine the probability for persistent AKI would help
solve the controversy to ideally provide RRT at the right
time to the right patient.
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Acute kidney injury (AKI) is known to increase length of
hospital stay, morbidity, and mortality following cardiac
surgery. Multiple definitions exist for the designation and
classification of AKI. For instance, the Society of Thoracic
Surgeons establishes acute renal failure as a 2-fold rise in
serum creatinine (SCr), or SCr>4.0 mg/dL (with a mini-
mum rise of 0.5 mg/dL), or new hemodialysis.1 The defini-
tion of AKI from Kidney Disease: Improving Global
Outcomes, in contrast, includes an increase in SCr by
>0.3 mg/dL within 48 hours or an increase within 7 days’
time of baseline SCr by >1.5 times or urine output
<0.5 mL/kg/h for 6 hours, and further characterizes the
stage of AKI to more granular levels. While the criteria to
define AKI vary,2 the incidence of kidney injury remains
high in cardiac surgery, with between 4% and 35% of pa-
tients experiencing some form of AKI3-5 and between 2%
and 20% of patients requiring renal-replacement therapy
(RRT) in the postoperative period. In this population,
RRT is independently associated with an up to 8-fold in-
crease in mortality.4

The causes of AKI after cardiac surgery are many. In
addition to known preoperative risk factors (pre-existing
renal dysfunction, recent contrast, diabetes, advanced
age), perioperative myocardial injury and fluctuations in
cardiac output may lead to increased sympathetic activity,
increased production of vasopressin, and activation of the
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renin–angiotensin–aldosterone system. Added to this are
the effects of the cardiopulmonary bypass circuit on arterial
resistance and subsequent volume retention postopera-
tively. All of this may create a vicious cycle of repeated
kidney injury with renal sodium and water retention and
extracellular fluid expansion. Perioperative fluid overload
is associated with worse outcomes and is a primary risk fac-
tor for multiorgan failure, including acute renal failure,6 yet
the timing and intensity of RRT in the postoperative cardiac
patient remains controversial, with many factors playing
into the decision for initiation, such as acidosis, urine
output, and fluid balance, and the overall clinical picture
(Figure 1). In addition, there are few data to guide the clini-
cian’s determination as to whether the AKI is transient and
retains capacity for early recovery or whether the injury will
progress to azotemia and volume overload, perhaps despite
a lower SCr. In this Expert Review, we will examine and
summarize contemporary studies focusing on accelerated
versus delayed strategies for RRT following cardiac sur-
gery. As the bulk of high-quality studies come from criti-
cally ill populations (and not specifically cardiac surgery
patients), we will examine the data separately and discuss
what can be generalized to individual populations.

CRITICALLY ILL PATIENTS
Contemporary studies examining the impact of the

timing of RRT have tended to focus on critically ill patients,
which may or may not include cardiac surgical patients spe-
cifically. The studies have generally concentrated on sur-
vival benefit and recovery of renal function as primary
outcomes. A large 2020 meta-analysis including 10
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randomized controlled trials (RCTs) and 2143 critically ill
patients with severe AKI found that in the absence of urgent
indicators for RRT, there was no survival benefit to early
RRT initiation. Somewhat surprisingly, this study also
showed that up to 42% of patients in the late RRT group
had recovery of renal function and never went on to require
dialysis.7 A second recent large meta-analysis of 18 RCTs
confirmed similar findings and reinforced the idea that a de-
layed strategy may obviate the need for RRT in critically ill
populations.8

The recently published STandard versus Accelerated
initiation of Renal Replacement Therapy in Acute Kidney
Injury (STARRT-AKI) multinational RCT randomized
nearly 3000 critically ill patients (including 230 cardiac sur-
gery patients) into early RRT or standard management of
AKI, in which RRT was discouraged unless standard
criteria for initiation were met.9 The primary end point of
death at 90 days was similar between groups (43.9% vs
43.7%, P ¼ .92). Prolonged RRT was observed at greater
rates in 90-day survivors in the accelerated strategy group
(10.4% vs 6%; relative risk, 1.74; 95% confidence interval
[CI], 1.24-2.43). While the STARRT-AKI trial did include
230 patients who underwent cardiac surgery (accelerated
[n¼ 112]; standard [n¼ 118]), there has not yet been a sub-
group analysis of the cardiac surgery group. Significant het-
erogeneity in the population may limit the applicability of
the results; thus, it is difficult to discern outcomes differ-
ences in cardiac surgery patients specifically based on the
results of the STAARTAKI trial.

Selected studies have also examined the effect of fluid
balance in critically ill populations regarding the timing
y after Cardiac Surgery
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of RRT initiation. In a large retrospective study of 18,084
critically ill patients with AKI from various etiologies,10

positive fluid balance was associated with increased short-
and long-term mortality (adjusted hazard ratio, 1.3-1.92)
compared with even fluid balance. Negative fluid balance
did show increased mortality risk using Gray’s statistical
model but not using logistic regression analysis. Interest-
ingly, recovery of renal function was similar between all
groups. A contrasting prospective study of 618 critically
ill patients demonstrated fluid overload (>10% body
weight) at the time of RRT initiation was associated with
odds ratio of death of 2.07, and that patients with fluid over-
load at the time of peak creatinine were less likely to recov-
ery kidney function long-term.11

CARDIAC SURGERY PATIENTS
There are fewer studies that specifically focus on the

timing of RRT in cardiac surgery patients, and conclusions
are somewhat conflicting. For instance, a 2016 retrospective
study by Yang and colleagues12 included intraoperative and
postoperative factors in the selection of patients for pre-
emptive and standard RRT and found that a pre-emptive
strategy had reduced rates of mortality. These findings
were related to reducing fluid overload with early RRT
compared with the standard treatment group. A 2014
meta-analysis of 841 cardiac surgery patients also reported
a lower mortality in patients who received earlier RRT as
compared with standard therapy (odds ratio [OR], 0.29;
95% CI, 0.16-0.52, P<.0001), and suggested a trend to-
ward shorter length of stay in the intensive care unit
(ICU). This meta-analysis included studies dating back as
far as 1950, however, and a large degree of heterogeneity
was observed, making generalization difficult.13

Another large contemporary meta-analysis14 included
1479 cardiac surgery patients in 15 different studies and
concluded that AKI treated with early RRT had decreased
28-day mortality (OR, 0.36; 95% CI, 0.23-0.57) and short-
ened ICU and hospital length of stay. A subgroup analysis
was performed comparing the outcomes of cohort studies
with the 5 RCTs. While the cohort studies supported the
benefit of early RRT, the RCT analysis did not show a sta-
tistically significant decrease in mortality (OR, 0.41; 95%
CI, 0.14-1.24). There was also an earlier meta-analysis15

in 2008 that performed a subgroup analysis of RCTs and
came to a similar conclusion that there was no survival
benefit with earlier RRT initiation (RR, 0.64; 95% CI,
0.64-1.05; P ¼ .08).

How do we reconcile this difference and apply these data
to our own patients? Dropout bias frequently seen in cohort
studies can negatively impact studies looking at an interven-
tion in regards to timing, because patients likely have a bet-
ter prognosis if their disease process improves before
initiation of the intervention. This is illustrated in the largest
RCT on cardiac surgical patients to date, where more than
one third of patients in the delayed RRT arm survived
without ever needing RRT.16 In 2015, Crescenzi and col-
leagues17 attempted to avoid the dropout bias by prospec-
tively enrolling 1658 cardiac surgery patient at the time of
ICU admission, before any signs of postoperative renal
insult. A total of 56 patients (3.6%) required RRTafter car-
diac surgery within this study. Patients in the “late” group
(oliguria for >12 hours) required significantly less RRT
than in the early group (oliguria for>6 hours), highlighting
again the possibility that patients may recover renal func-
tion before requiring RRT. There was no significant differ-
ence in mortality or length of stay in the ICU or hospital
between groups. Importantly, the authors looked at the
“late” group and determined that 21 patients who did not
start RRT would have actually received RRT had they
been in the “early” group, as the duration of their oliguria
would have met criteria. Although overall mortality was
similar between groups, a survival benefit was observed
for a subset of patients with pre-existing renal dysfunction
in the “late” RRT group. This may suggest a benefit in
“watchful waiting” for patients undergoing cardiac surgery
with preoperative renal dysfunction, but more work is
needed in this area.
Each of these trials use different criteria, such as urine

output, SCr, and blood urea nitrogen for initiation of RRT.
Even the definition of “early” versus “late” initiation of
RRT varies significantly between studies, with some trials
using time from decreased urine output versus time after
acute renal failure was diagnosed. Use of these parameters
does not allow many other complex factors to be consid-
ered. Importantly and specifically in the cardiac postopera-
tive period, these factors often drive AKI but are not
traditional indicators for RRT. In patients undergoing car-
diac surgery, volume shifts are common in postoperative re-
covery and are traditionally managed by use of diuretics
expectantly. When renal function is compromised, exces-
sive volume retention may lead to deleterious effects in a
depressed left or right ventricle and thus some have advo-
cated for earlier initiation of RRT to diminish these effects.

SPECIAL CIRCUMSTANCES
The development of AKI in postoperative heart trans-

plant patients is also a serious concern, with up to 12% of
patients requiring peritransplant RRT, and an association
with greater hospital and 1-year mortality in these pa-
tients.18 Shen and colleagues19 presented a retrospective
study of 76 patients over 10 years’ time to determine
optimal timing for initiation of RRT in cardiac transplant
patients with AKI postoperatively. Patients with earlier
RRT had significantly lower mortality (39.1% vs 63.3%,
P ¼ .039), shorter ICU and hospital lengths of stay, and
lower overall cost. Contrary to some of the previous studies,
JTCVS Open c Volume 6, Number C 195
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recovery of renal function was more common in the accel-
erated RRT group than for the delayed cohort in this study.
Likewise, a 2020 retrospective study by Liu and col-
leagues20 used Kidney Disease: Improving Global Out-
comes staging for AKI to determine the need for RRT in
184 patients with a left ventricular assist device. In this
cohort, an “early” strategy was associated with a trend to-
ward shorter ICU and hospital length of stay, as well as
lower need for permanent RRT, with similar mortality be-
tween groups. Further work is needed in the area of trans-
plantation and left ventricular assist devices, including
high-quality prospective studies to examine the appropriate
timing of initiating RRT to reduce preload in patients with
an acute or chronically failing right ventricle.

There has also been the suggestion that RRT may help
improve the prognosis of critically ill patients by filtering
inflammatory markers in addition to managing volume
overload. Several RCTs have examined RRT and immuno-
modulation in critically ill patients with sepsis. Targeted
cytokine size is important, with many filtration membranes
still allowing passage of macromolecules such as tumor ne-
crosis factor-alpha, interleukin-6, and interleukin-1. Het-
erogeneity in patient populations and lack of uniformity
of study designs have limited the applicability of singular
studies, and the results remain somewhat contradictory.21,22

One RCT examining cardiac surgery patients with severe
shock and renal dysfunction targeted RRT to remove proin-
flammatory mediators and reduce vasopressor requirements
but found no significant differences in the RRT versus stan-
dard groups for mortality or renal recovery.16 These theories
of cytokine reduction have been recently debated in the
context of the coronavirus disease 2019 pandemic, and
data are still emerging at this time.

Lastly, it has been well-established that renal dysfunction
occurs commonly in patients supported on extracorporeal
membrane oxygenation (ECMO). A large recent meta-
analysis that included 5896 adult patients on ECMOdemon-
strated an 81% increased risk of death (RR, 1.81; 95% CI,
1.56-2.08, P< .001) for patients who required new RRT
while on support.23 Fluid balance has been identified as a
predictor of mortality in patients receiving ECMO/RRT.24

Although there has been a trend toward improving survival
in patients receiving ECMO/RRT over the past 20 years,
further work is certainly needed in this realm to define indi-
cations for initiation of RRT and methods to decrease renal
dysfunction in this complex population.
CONCLUSIONS
It is clear the long-term effect of AKI after cardiac sur-

gery is substantial. While the use of RRT can substitute
key portions of renal function and help maintain euvolemia
in the immediate postoperative phase, mortality is greater in
patients who suffer AKI after cardiac surgery regardless of
196 JTCVS Open c June 2021
whether RRT is used. However, patients who do not recover
to their baseline renal function may have twice the long-
term mortality risk than those who do recover.25 Increasing
evidence from RCTs in critical care populations suggest a
delayed strategy may allow renal recovery and a high rate
of avoidance of long-term RRT dependence,7,8,11,16 without
an increased risk of mortality.

Further high-quality studies within this specific cohort
are needed before this debate can be settled. Future studies
should look not only into the timing and modality of RRT
used but also patient factors (ventricular and pulmonary
function in addition to standard preoperative risk factors)
and perioperative events (longer pump time, coagulopathy
requiring blood transfusions, fluid balance, hypotension
requiring inotropic support, expected postoperative course,
and mechanical support), which may lead to the develop-
ment of AKI and need for RRT. Presently, the timing of
RRT after cardiac surgery is still a decision that continues
to generate debate due to lack of consensus and requires
an individualized and multidisciplinary approach.
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