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Abstract

Purpose of review: Patients with congenital heart disease have a number of risk factors for the development of chronic
kidney disease (CKD). It is well known that CKD has a large negative impact on health outcomes. It is important therefore
to consider that patients with congenital heart disease represent a population in whom long-term primary and secondary
prevention strategies to reduce CKD occurrence and progression could be instituted and significantly change outcomes.
There are currently no clear guidelines for clinicians in terms of renal assessment in the long-term follow up of patients
with congenital heart disease. Consolidation of knowledge is critical for generating such guidelines, and hence is the
purpose of this view. This review will summarize current knowledge related to CKD in patients with congenital heart
disease, to highlight important work that has been done to date and set the stage for further investigation, development
of prevention strategies, and re-evaluation of appropriate renal follow-up in patients with congenital heart disease.

Sources of information: The literature search was conducted using PubMed and Google Scholar.

Findings: Current epidemiological evidence suggests that CKD occurs in patients with congenital heart disease at a
higher frequency than the general population and is detectable early in follow-up (i.e. during childhood). Best evidence
suggests that approximately 30 to 50 % of adult patients with congenital heart disease have significantly impaired renal
function. The risk of CKD is higher with cyanotic congenital heart disease but it is also present with non-cyanotic
congenital heart disease. Although significant knowledge gaps exist, the sum of the data suggests that patients with
congenital heart disease should be followed from an early age for the development of CKD.

Implications: There is an opportunity to mitigate CKD progression and negative renal outcomes by instituting
interventions such as stringent blood pressure control and reduction of proteinuria. There is a need to invest time,
thought and money to fill existing knowledge gaps to improve health outcomes in this population. This review should
serve as an impetus for generation of follow-up guidelines of kidney health evaluation in patients with congenital heart
disease.
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Abrégé

Objet de l’étude: Les patients atteints de cardiopathie congénitale présentent un certain nombre de facteurs de
risque de développer une insuffisance rénale chronique (IRC). On sait que l’IRC comporte de nombreux effets
négatifs sur l’état de santé. Les patients atteints de cardiopathie congénitale formeraient donc une population chez
qui la mise en place de stratégies de prévention primaires et secondaires en vue de réduire la fréquence et la
progression de l’IRC pourrait améliorer considérablement les résultats. Il n’existe actuellement, pour les cliniciens,
aucune ligne directrice claire régissant l’évaluation de la fonction rénale dans le cadre du suivi à long terme des
patients atteints de cardiopathie congénitale. La mise en commun des connaissances est cruciale pour l’élaboration
de telles lignes directrices, d’où l’objet de la présente étude. Celle-ci présentera une synthèse des connaissances
actuelles relatives à l’IRC chez les patients atteints de cardiopathie congénitale, afin de souligner le travail important
effectué jusqu’ici et de préparer le terrain pour des recherches approfondies, d’élaborer des stratégies de
prévention, ainsi que de réévaluer le suivi approprié de la fonction rénale chez les patients atteints de cardiopathie
congénitale.

Sources d’information: La recherche documentaire a été effectuée à l’aise de PubMed et Google Scholar.

Conclusion: Les signes épidémiologiques actuels suggèrent que l’IRC se présente chez les patients atteints de
cardiopathie congénitale plus fréquemment que chez la population en général et qu’elle peut être détectée de
manière précoce (c.-à-d. durant l’enfance). Les données indiquent qu’environ 30 à 50 % des patients adultes atteints
de cardiopathie congénitale subissent une détérioration de la fonction rénale. Les risques de développer une IRC
sont accrus chez les patients atteints d’une cardiopathie cyanogène congénitale, bien qu’ils existent aussi dans les
cas de cardiopathie congénitale non cyanogène. Bien qu’il y ait des lacunes considérables dans les connaissances,
la somme des données suggère que les patients atteints de cardiopathie congénitale devraient faire l’objet d’un
suivi dès un jeune âge afin de déceler l’apparition de l’IRC.

Répercussions: Il serait possible d’atténuer la progression et les effets négatifs sur la fonction rénale en instituant
des interventions telles qu’un contrôle rigoureux de la pression artérielle, ainsi que la réduction de la protéinurie.
Un investissement en matière de temps, de réflexion et d’argent serait nécessaire afin de combler les lacunes dans
les connaissances, et ainsi améliorer les effets sur la santé de la population en question. La présente étude devrait
motiver l’élaboration de lignes directrices pour le suivi de la fonction rénale chez les patients atteints de
cardiopathie congénitale.
What was known before
Several basic science, physiological and epidemiological
studies report on the development of CKD in patients in
congenital heart disease.

What this review adds
This review consolidates the current knowledge regard-
ing CKD in patients with congenital heart disease, and
places findings from different lines of investigation
within a larger context, while making future research
and clinical care needs clear.

Background
With advances in care, children undergoing complex
cardiac repairs are surviving more frequently, resulting in
a markedly increasing number of adults with congenital
heart disease [1, 2]. It is important to think about the im-
pact that these intensive interventions have on organ sys-
tems, including the kidney. The kidney is at high risk of
long-term negative impact, given the pathophysiological
changes that occur in the context of congenital heart
disease, surgical intervention and cardiopulmonary bypass,
post-operative critical care and recurrent exposure to
potential renal insults. Patients with congenital heart
disease use substantial healthcare resources, and not
just during the time of cardiac repair, but also as sur-
viving adults with congenital heart disease [3].
Chronic kidney disease (CKD) also causes significant
personal and economical health care burden and is
associated with worse long term outcome, quality of
life and well being in the general population [4].
Hence CKD in patients with congenital heart disease
has potential for synergistic negative impact.
Although there are a significant number of gaps in the

knowledge related to the renal outcomes of children with
congenital heart disease and children who have had cardiac
surgery, current evidence demonstrates CKD as an increas-
ingly prevalent and important problem in these patients.
Given the potential to mitigate CKD development and pro-
gression in many different populations, with universally ac-
cepted interventions, clinicians, researchers, and policy
makers should be interested in this problem from both an
economical and patient-centered outcome point of view.
This review will consolidate current knowledge related to
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CKD in patients with congenital heart disease, to highlight
important work that has been done and set the stage for
further investigation, development of prevention strategies,
and re-evaluation of appropriate renal follow-up in children
with congenital heart disease and cardiac surgery.

Review
Pathophysiology in congenital heart disease can lead to
long-term changes in kidney structure and function
Children with congenital heart disease have a number of
risk factors for potential development of CKD later in
life, including pathophysiological changes related to a
structurally abnormal heart and circulation. These may
include polycythemia, cyanosis and chronic hypoxia,
changes in renal blood flow and intraglomerular
hemodynamics, and derangements in neurohormonal
activation (Fig. 1).
In cyanotic congenital heart disease, chronic hypoxia

stimulates erythrocytosis through the stimulation of ery-
thropoeitin, resulting in increase blood viscosity [5–7]. Sev-
eral decades ago, experimental increase of the hematocrit
with resulting hyperviscosity was shown to influence renal
hemodynamics, with glomerular hyperfiltration being a pre-
dominant feature [8]; hyperviscosity could lead to changes
in glomerular arteriolar resistance, hydraulic pressure
across the glomerulus, and increased filtration fraction. In a
small study by Passwell et al. in 1976, children with cyan-
otic heart disease were shown to have decreased glomerular
Fig. 1 Knowledge synthesis of chronic kidney disease in patients with con
and outcomes. “?” indicates a knowledge gap in research or clinical care ne
filtration rate (GFR) (measured by 24 h urine creatinine
clearance) that increased to normal range within 3 months
after correction of the heart lesion; the reduced GFR prior
to complete surgical correction was associated with high
hematocrit [9]. Although Burlet et al. demonstrated normal
pre-operative GFR by inulin clearance in 18 children with
stable cyanotic congenital heart disease, renal plasma flow
(and renal blood flow) was reduced with a resulting in-
crease in filtration fraction [10]; the investigators explan-
ation for this phenomenon was hyperviscosity induced
increase in efferent arteriolar tone with resulting glomerular
hypertension and rise in effective filtration pressure. In
adult patients with a history of Tetralogy of Fallot repair in
childhood, assessed at a mean of 20 years after repair (range
18-23), increasing hematocrit was tightly correlated with in-
creasing filtration fraction [11]. Of critical importance is the
knowledge that high glomerular hydrostatic pressure and
increased filtration fraction can lead to chronic nephro-
pathological changes including glomerulosclerosis [12, 13].
In 1960, Spear described “giant glomeruli” in adult pa-

tients with cyanotic congenital heart disease [14], the
pathogenesis of which was unexplained at that time. More
recently, glomeruli of adults with cyanotic congenital heart
disease have been characterized by dilated hilar arterioles,
an increase in glomerular capillary diameter with red cell
engorgement and glomerular enlargement [15]. The patho-
genic mechanism behind these changes is thought to be
due to stimulation of intraglomerular nitric oxide release
genital heart disease; risk factors, disease mechanisms, interventions,
eds
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though increased endothelial shear stress, which accom-
panies increased whole blood viscosity [15].
Non-vascular glomerular abnormalities also suggest

additional pathogenic mechanisms in cyanotic con-
genital heart disease. Increased juxtaglomerular and
mesangial cellularity and increased mesangial matrix
has been demonstrated, with the presence of a left to
right shunt being a major contributing factor [15, 16].
Megakaryocytes normally enter the systemic venous
bed from the bone marrow, and make their way to the
lungs where they shed platelets. In the presence of a
left-to-right shunt, megakaryocytes could enter the
systemic arterial circulation and fortuitously lodge in
the glomerular capillaries where they release high con-
centrations of mitogens/chemokines including platelet
derived growth factor and transforming growth factor
beta [15].
Chronic local tissue hypoxia has been shown to have

an important role in CKD development in a number of
disease states, including diabetes, hypertension, and
cyclosporine toxicity [17]. It is quite plausible that chronic
hypoxia associated with congenital heart disease could have
an equal role in the initiation and development of progres-
sive renal disease in this population. There is evidence of a
mitogenic and fibrogenic role for hypoxia in several cell
systems, including renal tubular epithelium and glomerular
mesangial cells [16, 18]. Hypoxia induces a significant
increase in the mRNA levels of extracellular matrix proteins
including type IV collagen, fibronectin, and laminin in cul-
tured rat mesangial cells, human proximal tubular epithelial
cells and human cortical interstitial fibroblasts [16, 19]. The
signaling pathway through which hypoxia increases cell
proliferations and matrix expression in the kidney is
thought to involve transforming growth factor beta, osteo-
pontin, nitric oxide, and p38 mitogen-activated protein kin-
ase [16]. Although no studies have evaluated the time
course for the development of hypoxia-induced changes in
congenital heart disease, animal models demonstrate that
renal tubular structure is abnormal and interstitial fibrosis
is present after a relatively short period of tissue hypoxia
(28 days in rats) [20].
Neurohormonal derangements, including elevated levels

of atrial natriuretic peptide, renin, aldosterone and norepin-
ephrine, have been demonstrated in patients with congeni-
tal heart disease, persisting many years after surgical repair
of cardiac defects [21–24]. Similarly, global impairment of
autonomic nervous system regulation is present and per-
sists late after repair of a number of congenital heart disease
lesions, including Tetralogy of Fallot and Fontan-type oper-
ations [25, 26]. Given the central role of these neural and
hormonal mechanisms in renal physiology, including blood
flow regulation, intraglomerular hemodynamic control, and
tubular function, they have significant potential to contrib-
ute to the evolution of CKD in congenital heart disease.
Chronic cardiorenal syndrome (also called Type 2)
refers to clinical condition where chronic abnormalities
of cardiac function cause progressive kidney disease.
Multiple episodes of acute cardiac decompensation in
patients with congenital heart disease could result in
the onset or progression of kidney disease through
mechanisms discussed above. In addition, podocyte in-
jury (albuminuria and decreased glomerular nephrin
and podocin mRNA has been shown in a model of
chronic cardiac volume overload [27]. In humans, there
is also direct evidence of podocyte injury (urinary
podocyte loss) in acute decompensated Type 2 cardior-
enal syndrome without overt precipitating factors [28].
The presence of such podocyte loss in chronic cardiore-
nal syndrome and its role in the development and pro-
gression of CKD need to be further investigated.
The impact of the intrinsic, pathophysiologic changes

discussed above, and summarized in Fig. 1, has likely
changed over time, as surgical timing, methods of repair,
and heart failure management change over time. How-
ever many of these factors are not specifically modifi-
able. This is in contrast to extrinsic factors related to the
medical management of patients with congenital heart
disease, several of which may be modifiable, summarized
in Fig. 1 and discussed following.

Cardiopulmonary bypass is associated with acute kidney
injury (AKI)
In addition to the pathophysiological changes in con-
genital heart disease which can impact kidney struc-
ture and function as described above, children with
congenital heart disease are exposed to cardiac surgery
with cardiopulmonary bypass, and resulting AKI. AKI
occurs in 20 to 30 % of children undergoing cardiac
surgery with cardiopulmonary bypass for congenital
heart lesions; in neonates, this rate can be as high as
60 %. [29–34]. Although there are multiple definitions
of AKI, all based on serum creatinine, that can lead to
variation in incidence or prevalence of this condition,
the consistent finding is that AKI is common after car-
diac surgery. Many children with congenital heart dis-
ease must have multiple cardiac surgeries, leading to
higher cumulative AKI risk. Cardiac surgery associated
AKI is not a new phenomenon, although it is being
given more attention recently as it has become clear
that it is associated with negative short term out-
comes, including increased illness-severity adjusted
ventilation time, intensive care stay, and hospital stay
[29–32]. AKI was recognized (at least in the literature) in
the 1960s [35] as a complication of cardiac surgery, and
the paradigm over time of organ injury after heart surgery
has largely been based on ischemia-reperfusion patho-
physiology. Animal models provide some evidence that
AKI sustained in this way can have long-term kidney
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consequences; after ischemia-reperfusion injury, cellular
damage of the endothelial and tubular cells within the
kidney leads to endothelial cell differentiation, impaired re-
generative capacity, vascular dropout and tubulointerstitial
fibrosis [36–38]. Despite the significant time that has
passed since the first open heart surgery on a “blue baby” in
1944, there has been a knowledge gap in understanding
how AKI following cardiac surgery impacts the kidney
long-term. As summarized further in this review, current
evidence is beginning to close this gap.

Drugs used in children with congenital heart disease are
often nephrotoxic
Several drugs used frequently in the setting of congenital
heart disease have known nephrotoxicity. One such class of
drugs are angiotensin converting enzyme inhibitors, which
are used to control blood pressure, balance single-ventricle
circulations, and prevent pathologic ventricular remodeling.
A recent retrospective study of 206 hospitalized neonates
with congenital heart disease demonstrated a significant
decrease in renal function (estimated creatinine clearance)
while they were receiving angiotensin converting enzyme
inhibitor; 42 % of patients had AKI (with 70 % of these
being classified as renal failure by modified pRIFLE criteria)
[39]. As the authors acknowledge, this study was limited by
its lack of control group, the confounding potential of inter-
ventions such as cardiopulmonary bypass and nephrotoxic
contrast exposure, and progression of heart disease/failure
as a possible explanation of their findings (vs. the effect of
drug). Despite these limitations and because no substantial
body of evidence supports angiotensin converting enzyme
inhibitor use as beneficial in this population, the authors
suggested limiting these nephrotoxic medication whenever
possible. An additional retrospective review of 319 young
children however demonstrated no increase risk of AKI
with angiotensin converting enzyme inhibitor, even in com-
bination with furosemide [40]. In the context of this review,
in the absence of stronger evidence including a randomized
trial, it is difficult to generalize and apply this statement to
all patients with congenital heart disease. However cautious
use of angiotensin converting enzyme inhibitors with a goal
of minimizing AKI is a reasonable, potentially beneficial,
practice. The long-term renal effects of angiotensin con-
verting enzyme inhibitors or AKI associated with their use
in patients with congenital heart disease is unknown.
Other drugs with effects on the kidney used commonly

in congenital heart disease which are possible modifiable
risk factors for AKI (and therefore potentially CKD as dis-
cussed below) are non-steroidal anti-inflammatories and
diuretics. Inappropriate use of loop diuretics may exacer-
bate renal hypoperfusion through vasodilatation and
excessive diuresis resulting in worse outcomes. Moffett et
al. demonstrated that the co-administration of furosemide
is an independent risk factor for AKI in children receiving
angiotensin converting enzyme inhibitor after cardiac sur-
gery [41]. In a recent systematic review evaluating loop di-
uretic use in established AKI, very low quality evidence
showed that there may be an increase in mortality and
need for dialysis with loop diuretics, however this is not
specific to the congenital heart disease patient and the un-
certainty of these effects was too large to make clear con-
clusions about clinical harm [42]. There is nothing known
regarding the long-term use of furosemide in congenital
heart disease patients as it related to long-term renal out-
come. Non-steroidal anti-inflammatories (eg. ketoraloc)
are used for analgesia in children that undergo congenital
heart repairs. Cyclo-oxygenase metabolites and prosta-
glandins play a significant role in regulating renal vascular
tone and kidney function; pharmacological inhibition of
these mediators by non-steroidal anti-inflammatories
could produce deleterious effects leading to AKI. Several
small, retrospective studies have demonstrated that ketor-
olac after congenital heart surgery is not been associated
with a measurable difference in renal function in infants
[43, 44] or after low-risk cardiac procedures in older chil-
dren [45]. A randomized trial has shown that short-term
use of ketorolac after congenital heart surgery does not re-
sult in AKI, however AKI was not the primary outcome of
the study and it was under-powered to detect this effect
[46]. Hence, definitive evidence regarding the role of this
commonly used medication in AKI in people with con-
genital heart disease is lacking.

There is a transition from AKI to CKD
In adults, there is evidence that AKI is associated with
the development or progression of CKD, in both cardiac
surgery and non-cardiac populations. A recent meta-
analysis has demonstrated that AKI in adults is associ-
ated with a 9-fold increased risk of developing CKD, and
a 3-fold increased risk of developing end-stage kidney
disease [47]. A more specific meta-analysis of AKI asso-
ciated with cardiopulmonary bypass in adults, evaluating
prognosis, found increased long term mortality and
stroke, but renal outcomes were not measured in a sig-
nificant proportion of the studies [48]. In children, there
is some retrospective data demonstrating AKI as a risk
factor for CKD; Mammen et al. evaluated 126 critically
ill children with AKI and demonstrated that at 1-3 years
of follow-up, 10 % of children developed CKD (defined
as estimated glomerular filtration rate (eGFR) < 60 mL/
min/1.73 m2 or persistent albuminuria) [49]. Forty-seven
percent of children with a history of AKI were consid-
ered at risk of CKD (defined as eGFR of 60-90 mL/min/
1.73 m2, hyperfiltration (eGFR >150 mL/min/1.73 m2),
or hypertension). There are large, multicenter research
studies currently underway, including our work, with
primary aims of determining the risk of developing fu-
ture CKD associated with AKI [50].
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As noted above, in the general population, AKI events
have been associated quite strongly with CKD during
follow up. Given that patients with congenital heart dis-
ease have a significant number of other factors with the
potential to modify both renal injury and recovery (i.e.
alterations in cardiac output, neurohormonal/ auto-
nomic activation, and renal perfusion) they may have
different, potentially increased, susceptibility to this
AKI-to-CKD transition (Fig. 1). The AKI-to-CKD transi-
tion is critical to understand in patients with congenital
heart disease, as interventions to reduce AKI occurrence
and complications after cardiac surgery could have im-
pact on long-term renal outcomes in this cohort. Min-
imizing nephrotoxic drug exposure whenever possible is
a rational approach to minimize AKI. Other interven-
tions such as early peritoneal dialysis catheter placement
[51] and renoprotective pharmacological agents need
randomized studies powered to detect clinically relevant
differences in outcome, first short-term outcome and
then long-term outcome. For the most part, these stud-
ies do not currently exist [52]. Integral to understanding
the AKI to CKD transition in patients with congenital
heart disease, there needs to be accurate diagnosis of
AKI and early risk stratification of those who will go on
to develop chronic disease (for targeting follow up). Al-
though there has been a lot of work done in the last
10 years in biomarker discovery for the diagnosis of AKI
in a variety of critical care populations including con-
genital heart disease, a major knowledge gap exists in
biomarker use for identifying processes leading to CKD.

CKD has been clearly demonstrated in patients with
congenital heart disease
A number of older, small studies have suggested that
renal dysfunction exists in adults with congenital heart
disease. Aperia et al. demonstrated decreased GFR (by
inulin clearance) in 5 out of 10 adults with Tetralogy of
Fallot, a mean of 20 years post Blalock-Taussig shunt
[11]; mean GFR in these adults was 80 mls/min/1.73 m2.
These results are in agreement with a small study by
Dittrich et al. demonstrating that decreased GFR (by
24 h urinary creatinine clearance) was a common finding
in long-standing cyanotic congenital heart disease [53].
In another cohort of young adults (n = 83), Flanagan et
al. demonstrated proteinuria, defined as ≥2+ (100 mg/
dL) on spot urinalysis, in one-third of cyanotic congeni-
tal heart disease patients. Risk of proteinuria was signifi-
cantly higher than in an acyanotic control group with
surgically corrected cyanotic congenital heart disease
(Tetralogy of Fallot or transposition of the great vessels)
[54]. Reasons for differences between these groups were
not explored in detail, particularly in relation to their
early childhood course, prior surgical procedures, or
concomitant medication use; however as expected, many
patients with cyanotic congenital heart disease had more
complex heart disease. The hematocrit was not signifi-
cantly different. Chronic glomerular injury as a promin-
ent feature of cyanotic congenital heart disease has
similarly been suggested by additional data demonstrat-
ing both an elevated albumin/creatinine ratio and an
elevated protein/creatinine ratio in 38 % (n = 26) of
long-standing cyanotic congenital heart disease [53].
In addition to glomerular abnormalities as a promin-

ent feature of the “nephropathy” associated with con-
genital heart disease, studies have also shown changes in
renal tubular function. In a small study of 43 children
with cyanotic and acyanotic congenital heart disease,
Agras et al. found a significant increase in the fractional
excretion of sodium and N-acetyl-B-D-glucosaminidase
(used as a marker of proximal tubular damage) in chil-
dren with cyanotic congenital heart disease [55]. These
markers of proximal tubular dysfunction and injury were
also elevated in non-cyanotic congenital heart disease
relative to controls, although to a lesser extent than in
cyanotic congenital heart disease. A more recent study
of 58 children with congenital heart disease (with
healthy matched controls) confirmed similar findings
[56]. Of note, in both of these studies, the majority of
children in this study were in lower risk congenital heart
surgery classes (by Risk Adjustment for Congenital
Heart Surgery 1), the duration of follow-up was not spe-
cified, and it was not clear if urine evaluations occurred
before or after cardiac repair.
Recent data from a large, well designed study confirms

the presence of CKD in patients with congenital heart
disease [57]. In 1102 adults with congenital heart disease
(both cyanotic and non-cyanotic), half met GFR criteria
for a diagnosis of CKD (41 % had an eGFR (by modifica-
tion of diet in renal disease) between 60 and 89 ml/min/
1.73 m2 and 9 % had a GFR < 60 ml/min/1.73 m2); the
risk of renal impairment was significantly higher in
cyanotic patients [57]. When compared to the general
population, the prevalence of significant renal impair-
ment in this study was 18-fold higher in non-cyanotic
and 35-fold higher in cyanotic congenital heart disease
patients [57]. The study sample was patients seen at a
tertiary care referral center for congenital heart disease
with the first creatinine at referral used to estimate GFR
and potentially including patients with acute cardiac de-
compensation, hence may not represent the general
population of congenital heart disease. This study im-
portantly demonstrated that it is not just those patients
with cyanotic congenital heart disease that are at in-
creased risk of CKD but also non-cyanotic, and changes
occur fairly early in adulthood with a mean age at as-
sessment of 36 ± 14 years. Although CKD has been
clearly demonstrated in patients with congenital heart
disease, little else is known about its characteristics. This
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cohort has a number of factors that could influence the
development or progression of CKD, including common
interventions for heart failure such as angiotensin con-
verting enzyme inhibitors [58].
A number of investigators have tried to sort out the role

of AKI after cardiac surgery in the development of CKD
in patients with congenital heart disease. In one of the
earliest studies to describe longer-term renal outcomes,
Shaw et al. report various abnormalities in renal function
in 6 out of 11 children with congenital heart disease 1 to
5 years after severe AKI (requiring dialysis). Abnormalities
included not only low measured GFR (using radioisotope)
in keeping with current CKD definition, but also elevated
GFR reflecting hyperfiltration, a marker of early renal
damage. Additional abnormalities were those of tubular
proteinuria and urine concentrating abnormalities [59].
Another more recent, but also small (n = 25), study re-
ported no features of CKD in surviving children treated
with peritoneal dialysis after surgical correction of con-
genital heart anomalies at 5 years median follow up. Of
note, however, hyperfiltration by eGFR was again common
in these children (36 %) and the investigators did not
measure albumin/creatinine ratio, an important measure-
ment for current CKD definitions [60].

CKD in patients with congenital heart disease contributes
to negative health outcomes
Although CKD contributes significantly to increase the
risk of cardiovascular events and mortality in the general
population [61], there is not yet a clear understanding of
the impact of CKD in patients with congenital heart
disease. Young adults with congenital heart disease who
have decreased GFR have lower survival than those with
normal GFR [57]. This is not simply because they have
lower heart function; there is a clear additional effect of
renal impairment over that of functional class and sys-
temic ventricular function [57]. A population-based study
in congenital heart disease patients surviving to > 65 years
demonstrated that one of the most powerful predictors of
mortality was CKD; the mortality risk associated with CKD
was larger than that associated with cancer, heart failure,
myocardial infarction, or diabetes [62]. A weakness in this
data was ascertainment of CKD by ICD-9 coding (a method
which was not rigorously validated) and hence, a very low
prevalence of CKD. The mechanism for increased car-
diovascular disease in patients with CKD appears to be
due in part to an increased burden of cardiovascular
risk factors and to the impact of accumulation of these
risk factors over time.
Children with CKD have subclinical manifestations of

vascular disease, including atherosclerosis with intimal
plaque, multi-vessel calcification and arteriosclerosis [63].
Young adults with childhood onset CKD have increased
coronary artery calcification and increased carotid intima-
media thickness [63, 64]. Endothelial dysfunction is present
in CKD, which is associated with hypertension, left ventricle
hypertrophy, and increased cardiovascular disease events
such as myocardial infarction [65–67]. The extent of vascu-
lar change is associated with the number of risk factors,
their intensity, and exposure duration [68–70]. Thus, CKD-
associated cardiovascular disease pathogenesis in children
appears to begin early in life with exposure to the athero-
genic milieu of CKD, speaking to the potential importance
of early CKD detection and identifying risk factors of child
CKD development. Given the large negative impact of
CKD on health outcomes in the general population and
the child’s potentially long life time to accumulate risk,
CKD development in children with congenital heart
disease could place them at high risk for future cardio-
vascular disease.

Conclusions
Patients with congenital heart disease should be recog-
nized as a population at risk of developing CKD. The
pathophysiology in congenital heart disease can lead to
changes in structure and function of the kidney. In
addition, the presence of congenital heart disease con-
comitantly places patients at risk of exposure to factors
that cause AKI, including cardiopulmonary bypass and
nephrotoxins. Although limited, the current epidemio-
logical evidence suggests that renal dysfunction and
CKD occur in patients with congenital heart disease with
higher frequency than the general population and are
detectable early in follow-up (i.e. during childhood).
Despite a relatively young age, the best evidence suggests
that approximately 30 to 50 % of adult patients with
congenital heart disease have significantly impaired renal
function. The risk of CKD is higher with cyanotic con-
genital heart disease but it is also present with non-
cyanotic congenital heart disease. Many questions still
need to be answered, highlighted in this review: As many
patients with congenital heart disease are now undergoing
reparative (not just palliative) correction and earlier in life,
will the risk of CKD stay the same over time? What extent
does AKI play a role in CKD in patients with congenital
heart disease? Does changing / modernization of intensive
care management over time lead to a change in AKI inci-
dence and hence change in CKD? How much CKD is re-
lated to modifiable drug exposure? How can we predict
which patients with congenital heart disease will get CKD?
What do we do to identify, prevent and follow cardiovascu-
lar risk in these patients?
Longer-term studies with strong methodology are al-

most non-existent, although they are in process and the
results will fill significant knowledge gaps. There are cur-
rently no clear guidelines for clinicians in terms of renal
assessment in the long term follow up after cardiac sur-
gery in childhood, yet this population represents one in
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whom long-term primary and secondary prevention
strategies to reduce CKD occurrence and CKD progres-
sion could be instituted to significantly change out-
comes. Although there are no guidelines, the sum of the
data suggests that patients with congenital heart disease
should be followed from an early age for the development
of CKD; there is an opportunity to mitigate CKD progres-
sion and negative renal outcomes by instituting universally
accepted interventions including stringent blood pressure
control and treatment of proteinuria. Ongoing generation,
synthesis, and translation of evidence in this area are crit-
ically important, as the population of adult survivors of
congenital heart disease expands.
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