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Does elevated urinary Dkkopf-3 level predict vulnerability to
kidney injury during cardiac surgery?
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Acute kidney injury (AKI) occurs in approximately one
quarter of patients undergoing cardiac surgery and is
associated with increased short-term and long-term
mortality, as well as prolonged time for mechanical
ventilation, intensive care, and hospitalization (1,2). AKI
is defined by a sudden decrease in glomerular filtration
rate typically with reduced urine output over a time period
of hours to days; many patients with AKI also require
renal replacement therapy (RRT) including hemodialysis
or continuous RRT. Recovery from AKI is variable, with
kidney function returning to baseline in most patients,
but more than 10% have persistent chronic kidney disease
(CKD) and 2% have persistent advanced CKD (2).
Multiple mechanisms contribute to kidney injury during
cardiac surgery include: renal hypoperfusion and ischemic
injury due to hypotension; non-pulsatile perfusion on
cardio-pulmonary bypass; bypass-induced hemolysis and
hemodilution; tubular damage from free hemoglobin,
nitric oxide depletion; rhabdomyolysis; free radical release;
activation of inflammatory pathways; and other causes (i.e.,
nephrotoxic drugs and radiographic contrast) (3).
Creatinine is a normal breakdown product of muscle
turnover cleared by the kidney at a constant rate under
steady state; thus, it can be used to estimate kidney function.
However, serum creatinine is a biomarker of kidney
function but not in itself a pathogenic factor for AKI, and
a detectable rise in serum creatinine often requires 2 to
3 days following AKI. Other preoperative clinical risk
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factors for AKI post-cardiac surgery include baseline
glomerular filtration rate, proteinuria, congestive heart
failure, angina, diabetes, anemia, type of surgery (coronary
artery bypass graft plus valve surgery). However, none of
these risk factors can predict AKI post-cardiac surgery with
high accuracy. Thus, there is an urgent need to develop
better predictors of AKI post-cardiac surgery (1).
Biomarkers such as serum cystatin C, kidney injury
molecule-1 (KIM-1), neutrophil gelatinase-associated
lipocalin (NGAL), Nephrocheck (combination of insulinlike growth-factor binding protein 7 and tissue inhibitor of
metalloproteinases), liver-type fatty acid-binding protein,
heart-type fatty acid-binding protein, and interleukin-18
have been tested for their utility in predicting AKI
following cardiac surgery. For example, a recent study of
106 patients found that the combination of peak serum
cystatin C and peak urine KIM1/creatinine ratio provided
a high OR (5.32; 95% CI: 1.31–21.7) for predicting
postoperative AKI (4). However, these findings were based
on a relatively small sample size and had not been validated
in another independent cohort of patients with similar
clinical characteristics. Thus, the recent study by Schunk
et al. provides a welcome addition of biomarker studies on
AKI (5).
DKK3 (Dkkopf-3) is a secreted glycoprotein
primarily expressed in vascular and neural tissue with
roles in endothelial cell differentiation, angiogenesis,
and atherosclerosis (6). Circulating DKK3 antagonizes
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intracellular Wnt/β-catenin signalling via a surface receptor (6).
DKK3 is expressed in renal tubular epithelial cells and
urinary DKK3 concentration is correlated with the extent
of interstitial fibrosis and tubular atrophy (7). Interestingly,
DKK3 is over-expressed in cystic lining cells in patients
with PKD1 mutations, and genetic variation in DKK3 is
associated with chronic kidney dysfunction in autosomal
dominant polycystic kidney disease (ADPKD) (8). Schunk
et al. evaluated preoperative urinary DKK3 as a predictor
of AKI post cardiac surgery (5). Patients were collected in
an observational derivation cohort (n=744) with 820 days
of median follow up, and as a validation cohort (n=216)
in the prospective multi-center remote ischemia
preconditioning RenalRIP trial (9) with 90 days of median
follow up. Preoperative urinary DKK3 to creatinine ratio
(>471 pg/mg) was associated with subsequent AKI (OR
1.65, 95% CI: 1.10–2.47, P=0.015), even after adjustment
for measured confounders including age, sex, body-mass
index, hypertension, diabetes, smoking status, and baseline
estimate glomerular filtration rate. Similar results were
observed in the RenalRIP validation cohort (OR 1.94,
95% CI: 1.08–3.47, P=0.026). Higher preoperative urinary
DKK3-to-creatinine ratio was also inversely associated
with lower estimated glomerular filtration rate at hospital
discharge and persistent CKD in both the derivation and
validation cohorts.
Numerous randomized control trials and metaanalyses have generally concluded that remote ischemic
preconditioning does not lead to a significant meaningful
reduction in AKI incidence, but there has been unexplained
heterogeneity in results (10). Details regarding the
exact biological mechanism by which remote ischemic
preconditioning would prevent AKI remains unclear.
RenalRIP reported a 28% relative risk reduction of AKI
with three cycles of a 4 min inflation of a blood pressure cuff
to 200 mmHg after induction of anesthesia (9). Consistent
with observations from the derivation cohort, elevated
urinary DKK3-to-creatinine ratio was associated with
AKI and persistent CKD in the placebo subgroup, but not
in the remote ischemic preconditioning subgroup. This
observation raises the tantalizing hypothesis that remote
ischemic preconditioning reduces the AKI risk predicted by
elevated DKK3. However, caution is required as this was a
post hoc subgroup analysis and the risk estimate confidence
intervals overlap between the two groups. No post-surgical
urinary DKK3 levels were measured and the effect of remote
ischemic preconditioning on urinary DKK3 is unknown.
In contrast to an agnostic approach such as by using
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machine learning to predict AKI where the mechanisms
underlying the risk are completely unknown (11), the
current study employs a biological candidate approach in
which a specific marker (DKK3) with defined biological
properties was tested as a risk factor underlying AKI.
Despite the promising results for urinary DKK3 in this
study, it is unclear whether the association between high
urinary DKK3 levels and increased risk of AKI is causal.
Moreover, urinary DKK3 could also be a marker of vascular
injury independent of the kidney. Future mechanistic
studies using animal models may provide insights to address
this question. Moreover, a causal role for urinary DKK3
in AKI and CKD could be evaluated with Mendelian
randomization, whereby genetic predictors of urinary
DKK3 concentration are tested for association with AKI
and CKD (12). Ultimately, an intervention that alters
kidney DKK3 expression would need to be developed and
tested in a prospective randomized control trial.
As the timing of the nephrotoxic insults are generally
known and prospectively documented, cardiac surgery is an
ideal clinical setting to identify risk factors and to evaluate
new therapies for AKI. This approach is exploited by the
current study to provide a strong study design. Together
with a large sample of patients for the discovery and
validation cohorts, the findings of this study are promising
and robust. However, it is unlikely that urinary DKK3
alone, with an increased OR of 1.65–1.94, is sufficiently
to be used clinically to predict AKI with high accuracy. In
future studies, it would be interesting to test whether postoperative urinary DKK3 levels would be a better predictor
of AKI since the latter samples may incorporate additional
prognostic information during the cardiac operation (i.e.,
ischemic insults). Additionally, testing urinary DKK3 levels
in combination with other promising biomarkers may
further improve its prognostic performance. Ultimately,
improved risk stratification will facilitate the testing of novel
therapeutic agents for AKI in clinical trials by enabling
the selection of a more homogenous cohort of high-risk
patients, thereby improving the power of the study while
reducing the number of patients required.
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