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Progress Towards Understanding Cardiac Surgery
Associated Kidney Injury in Children

Steven L. Rathgeber, MD, MSc
Division of Pediatric Cardiology, Department of Pediatrics, Faculty of Medicine, University of British Columbia, Vancouver, British Columbia, Canada
Cardiac surgeryeassociated acute kidney injury (CS-AKI) is a
common complication after surgery for congenital heart dis-
ease (CHD) in children with a reported incidence of up to
42%.1 The scope of the problem presented by CS-AKI in-
cludes not only the high prevalence but also the impact that it
has on both short- and long-term morbidity in paediatric
patients after surgery for CHD. Not only is CS-AKI associ-
ated with increased length of intensive care unit and hospital
stay, prolonged ventilation, and mortality, but the risk of
long-term morbidity due to chronic kidney disease (CKD) has
been described to be up to 28% after 5 years of follow-up
according to long-term follow-up of the Translational
Research Investigating Biomarker Endpoints in AKI (TRIBE-
AKI) cohort.2 Despite the known prevalence and clinical
significance of acute and CKD in this population, the peri-
operative factors that can differentiate between patients who
will have a rapid reversal of CS-AKI vs a patient who will have
a clinical course with persistent renal dysfunction progressing
to CKD remain elusive. The paper by Gritti et al.3 entitled
“Factors associated with acute kidney injury after cardiopul-
monary bypass in children,” in this issue of CJCPC, re-
emphasizes the problem of CS-AKI in paediatrics and takes
positive steps towards a better understanding of the mecha-
nism of this problem and explores novel territory to improve
our means of identifying paediatric patients with CHD at risk
of significant renal dysfunction.

Investigations on this matter have led to the identification
of perioperative and patient-related factors associated with
CS-AKI; however, there has not been any success in identi-
fying any key modifiable procedure or patient-related risk
factors that can serve to prevent CS-AKI or identify patients at
risk of developing a persistent AKI or CKD. The duration of
cardiopulmonary bypass (CPB), cross-clamp time, surgical
complexity, patient age, preoperative ventilation, and intra-
operative hypotension are some of the risk factors for CS-AKI
that have been identified in previous literature.4 Investigations
on the influence of preoperative exposure to diuretics have
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shown to increase the risk of CS-AKI in adults but not in an
infant population.5-7 Exposure to nephrotoxic agents such as
nonsteroidal anti-inflammatory drugs has also shown an as-
sociation with CS-AKI in some studies.4 Intravenous contrast
agents, however, have been investigated specifically with data
suggesting that preoperative catheterization requiring contrast
does not influence the baseline incidence of CS-AKI after
CPB.8

With the hypothesis that the etiology of CS-AKI is related
to the inflammatory response and oxidative stress injury
resulting from CPB, more specific markers of renal tubular
injury and inflammation have been investigated with
encouraging results. An elevation of cytokines interleukin
(IL)-6, IL-8, and IL-10 preoperatively has been shown to be
associated with CS-AKI in the early postoperative period.9

Other plasma markers of note are endothelial microparti-
cles that have been documented to increase hours to days
after CPB.10 Specific renal tubule markers of kidney function
such as liver-type fatty acid binding protein have shown the
ability to discriminate between patients susceptible to
progress to develop AKI.11 These emerging candidates to
provide more sensitivity to identify significant CS-AKI with
a likelihood of progressing to a persistent AKI or CKD are
encouraging and provide a new foundation for further
investigation.

The paper by Gritti et al.3 has taken a step in the right
direction to better understand the potential utility of these
novel markers of renal injury by providing further investiga-
tion of previously suspected risk factors for CS-AKI. Multi-
variable analysis reaffirmed the known association between
CS-AKI and duration of CPB.3 Univariate analysis also pro-
vided additional potential risk factors for CS-AKI including
preoperative use of diuretics, steroids, and prostaglandin;
previous cardiac catheterization procedures; and cyanotic
CHD. They also provide a thorough investigation into the
association of a series of vascular endothelial and inflammatory
markers with CS-AKI in a large paediatric cohort of children
after CPB. Analysis of these markers at multiple time points
both pre- and postoperatively did not demonstrate any asso-
ciation with postoperative CS-AKI. Even when the severity of
CS-AKI was taken into consideration, a correlation was not
identified. The neutral result from this study remains
important as it may serve as a stepping stone for further
nadian Cardiovascular Society. This is an open access article under the CC BY-

Delta:1_given name
https://doi.org/10.1016/j.cjcpc.2022.12.006
https://doi.org/10.1016/j.cjcpc.2022.12.006
mailto:steven.rathgeber@cw.bc.ca
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cjcpc.2022.12.006&domain=pdf
https://doi.org/10.1016/j.cjcpc.2022.12.006
http://creativecommons.org/licenses/by-nc-nd/4.0/


Steven L. Rathgeber 31
Understanding CS-AKI in Children
investigations into additional biomarkers or longer-term in-
vestigations on the biomarkers in question in a prospective
manner to evaluate any association with persistent AKI or
CKD in paediatric cohorts.

Because of the high incidence of CS-AKI, it is not feasible
for all patients to enter a long-term renal surveillance protocol.
A more targeted pathway based on sensitive markers of renal
dysfunction or well-established risk factors is a priority in the
future management of paediatric patients after congenital
heart surgery. The TRIBE-AKI study illustrated the impor-
tance of improving our approach to be more targeted as it
demonstrated that even if all patients with CS-AKI were
monitored long-term, a large proportion of patients who
develop CKD would be missed as there was no difference in
the incidence of CKD between patients diagnosed with early
postoperative CS-AKI vs those who were not.2 This investi-
gation was based on classifying CS-AKI using conventional
criteria. This illustrates one important reason why exploring
new biomarkers of renal function and renal injury has been a
subject of several recent publications along with the study
featured in this issue that focuses specifically on a paediatric
population. A novel marker more specific to the mechanism of
renal insult associated with CPB may circumvent the apparent
limitations of conventional definitions of AKI and serve to
reliably recognize patients at risk of clinically significant renal
dysfunction. This was the intention of the authors of the
paper despite not identifying any significant association with
the markers of inflammation or vascular injury that were
studied. As suggested by the authors, shifting to evaluate for
evidence of renal ischemia as opposed to inflammation may be
of higher yield by being more specific to the haemodynamic
insult from CPB.

Further to seeking novel markers of renal injury, an
additional consideration for future investigations may be to
reconsider the time frame over which patients are monitored
to evaluate the incidence of both AKI and AKD. AKD is a
definition of renal dysfunction that bridges the gap between
AKI and CKD based on the presence of renal dysfunction
that is persistent between 7 days and 3 months after
insult.12 Guidelines for monitoring patients with AKD have
been established as it has been identified that all patients
who do not have a rapid reversal of AKI within 48 hours are
at an increased risk of CKD.12 Even patients who no longer
satisfy the Kidney Disease: Improving Global Outcomes
(KDIGO) definition of AKI but maintain a creatinine above
their baseline satisfy the definition of AKD and are
considered at risk. Most investigations of CS-AKI have
focused on either the very early postoperative period or
long-term follow-up to assess for CKD. More scrutiny of
renal function using traditional definitions along with novel
biomarkers beyond the first 48 hours and over the first 3
months postoperatively may serve to identify those at
highest risk of CKD and provide a more manageable subset
of patients who can be monitored long-term from a renal
perspective.

Although we are without an evidence-based approach for
surveillance and management of CS-AKI in paediatric patients
with CHD, there is compelling evidence based on its preva-
lence and the associated risk of CKD that it needs to be an
important consideration during routine follow-up after cardiac
surgery. This is especially true for those with known
preoperative or operative risk factors. As many cases of
CS-AKI are subclinical, we must be diligent to diagnose all
stages of CS-AKI by recognizing a significant change in serum
creatinine values or urine output during the early post-
operative period. The general recommendations from the
KDIGO guidelines are to re-evaluate all patients with an AKI
within 3 months to ensure complete resolution and recognize
those in need of consultation by a nephrologist.12 Ongoing
investigations such as the one by Gritti et al. in this issue raise
optimism that a more sensitive means to recognize patients at
highest risk of persistent AKI and CKD will eventually be a
reality in the future. Until then we must exercise clinical
vigilance and approach patients with a broad scope to recog-
nize the potential for multiorgan dysfunction that is known to
be associated with the interventions required to manage
patients with CHD.
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