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Abstract Long-term survival after tetralogy of Fallot
(TOF) repair is excellent. However, little is published
regarding late noncardiac complications. This study aimed
to determine the prevalence and risk factors for renal
dysfunction among adults after TOF repair. For this study,
56 adult patients with complete repair of TOF were iden-
tified, and their charts were retrospectively reviewed. An
estimated glomerular filtration rate (eGFR) for each patient
was calculated using the Modification of Diet in Renal
Disease formula (MDRD). Using each patient’s eGFR, he
or she was classified into stages based on the National
Kidney Foundation chronic kidney disease (CKD) staging.
Clinical parameters were compared among patients with
and those without renal dysfunction to identify risk factors
for renal impairment. The median estimated eGFR rate for
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the cohort was 78 ml/min/1.73 m?. Based on the National
Kidney Foundation CKD staging system, 54 % of the
patients had at least stage 2 chronic renal disease. The risk
factors identified were hypertension (p < 0.01), type 2
diabetes mellitus (p < 0.05), longer follow-up evaluation
(p < 0.005), older age at complete repair (p < 0.05), and
use of daily diuretics (p < 0.05). After repair of TOF, renal
dysfunction is common at late follow-up evaluation. The
study findings show the importance of routine assessment
of renal function and the need to limit or avoid future
episodes of acute kidney injury in this at-risk population.

Keywords Adult congenital heart disease -
Renal function - Tetralogy of Fallot

After tetralogy of Fallot (TOF) repair, numerous studies
have demonstrated excellent long-term survival. The
patients, however, remain at life-long risk for multiple late
cardiac complications.

Over the last several years, it has been increasingly
apparent that the effects of congenital heart disease extend
beyond the cardiovascular system, affecting multiple other
organ systems. Examples of these late complications
include restrictive lung disease [11], hepatic dysfunction
[18], and renal impairment [4, 7]. Chronic kidney disease
(CKD) is reported to be common among adults with
repaired congenital heart disease [4]. Additionally, CKD in
the adult with congenital heart disease is a predictor of
mortality, associated with up to a fivefold higher mortality
than among those without CKD [4].

Currently, the prevalence and risk factors for renal
dysfunction in adults after previous palliation of TOF
remains poorly defined. We aimed to determine the prev-
alence of renal dysfunction in our adult patients with a
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history of previous TOF palliation and to identify associ-
ated risk factors of the development of CKD.

Methods

After approval from the Children’s Hospital of Wisconsin
Institutional Review Board (IRB), 56 adult patients (med-
ian age, 39 years; range, 18-69 years) with a history of
repaired TOF were identified. All the patients were fol-
lowed in the Wisconsin Adult Congenital Heart Disease
Program and had been seen in an ambulatory setting within
the preceding 12 months. Charts were reviewed retro-
spectively and pertinent data collected.

Using gender, age, and baseline laboratory values, an
estimated glomerular filtration rate (¢GFR) for each patient
was estimated using the Modification of Diet in Renal
Disease formula (MDRD) [6]. Each patient’s eGFR was
used to classify him or her into stages of CKD based on the
National Kidney Foundation CKD staging system
(Table 1). This was originally defined by the Kidney Dis-
ease Outcome Quality Initiative (NKF-K/DOQI) in 2002
[9]. Findings have shown this staging system be a predictor
of cardiovascular morbidity and mortality for adults with
acquired heart disease [8, 14]. We chose to define the
presence of renal dysfunction as a reduced eGFR classified
as CKD stage 2 or higher.

Statistical Analysis

Continuous variables were analyzed using a two-sample
t test or the Mann—Whitney rank sum test, whereas Fisher’s
exact test was used for categorical variables. The associa-
tions between variables were assessed by Spearman rank
order correlation analysis. A p value lower than 0.05 was
considered statistically significant.

Results

The median follow-up period from the time of complete
repair was 35 years (range, 15-54 years). Overall, 36 of the

Table 1 Staging and classification of CKD by the National Kidney
Foundation [5]

Normal GFR > 90, no proteinuria

Stage 1 >90 + Evidence of renal damage
Stage 2 60-89

Stage 3 30-59

Stage 4 15-29

Stage 5 <15 or need for dialysis

GFR estimated glomerular filtration rate
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patients (64 %) had undergone a previous shunt placement
before complete repair. Two previous surgeries had been
performed for 71 % of our patients, three surgeries for 20 %,
and four surgeries for 13 %. Four patients had identified
chromosomal abnormalities, with three having 22Q11.2
microdeletion syndrome and one having CHYME syn-
drome. Importantly, five patients had hypertension. Three of
these five patients also had concurrent type 2 diabetes mel-
litus. Finally, three patients had known renal anomalies. Two
patients had a solitary kidney, and one patient had a known
horseshoe kidney. Importantly, none of these three patients
with renal anomalies had a history of renal dysfunction or
were being followed actively by nephrology (Table 2).

At the time of their last clinic evaluation, the majority of
our patients were categorized as New York Heart Associ-
ation (NYHA) functional class 1, 39 % as functional class
2 or 3, and none as class 4. As shown by echocardiographic
analysis, 29 % of our patients had moderate or severe
pulmonary regurgitation. Importantly, only 27 % of our
cohort had decreased right ventricular systolic function,
with only three of these patients having moderate or
severely reduced systolic function. Nine patients (16 %)
had decreased left ventricular systolic function, defined as
an ejection fraction of less than 55 %. Six of these patients
were receiving an angiotensin-converting enzyme inhibitor
or angiotensin 2 receptor blocker. Eleven patients (20 %)
were taking daily diuretics.

The median eGFR rate for the cohort was 78 ml/min/
1.73 m? (range, 8125 ml/min/1.73 m?) (Fig. 1). Overall,
based on the National Kidney Foundation CKD staging
system, 54 % of our cohort (n = 30) had abnormal kidney
dysfunction, defined as stage 2 CKD or higher. Overall, 23
(41 %) of the 30 patients with abnormal kidney function
had CKD stage 2, 6 (11 %) had CKD stage 3, and 1 had
CKD stage 5.

We next compared the overall prevalence of renal dys-
function in our cohort with that predicted for the general
population and that predicted for different age cohorts
(Fig. 2). The predicted prevalence of stage 2 kidney

Table 2 Surgical and medical history of cohort

Mean follow-up period (years) n 35 (15-54) %

Previous palliative shunt 25 45

Previous surgeries
>2 40 71
3 11 20
4 7 13
Chromosomal anomalies 4 7
Hypertension 5 9
Type 2 diabetes mellitus 3 5
Renal anomalies 3 5
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Fig. 1 Distribution of the estimated eGFR among the study cohort,

with a mean eGFR of 78 ml/min/1.73 m? for the group, as calculated
by the MDRD

CKD in Patients with Repaired TOF Compared to
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Fig. 2 Prevalence of CKD in the general adult population versus that
among adults with repaired TOF by age groups. *p < 0.05

disease or higher in the general population is ~ 10 %. This
is significantly lower than the prevalence of 54 % identi-
fied in our cohort (p < 0.05).

When our cohort was further divided into different age
groups, he result was similar findings, with all age groups in
our cohort having a higher prevalence of renal dysfunction
than predicted for the general population (p < 0.05). For our
cohort, the prevalence of CKD was 14 % among those
20-39 years of age, 52 % among those 40-59 years of age,
and 80 % for those 60—69 years of age. All these values are
significantly higher than the predicted prevalences of CKD
in the general population, estimated respectively at 2 % for
those 20-39 years of age, 8 %, for those 40-59 years of age,
and 21 % for those 60—69 years of age.

When analyzed, type 2 diabetes (p < 0.05) and hyper-
tension (p < 0.01) were found to be significant risk factors

Table 3 Risk factor analysis for patients with and without evidence
of CKD

Risk factor Renal dysfunction  Normal p Value
n (%) n (%)

Diabetes mellitus 3 (100) 0 0.05

Hypertension 5 (100) 0 0.01

Follow-up period 43 £2 30+ 2 0.005
(years)

Age at complete repair 10 & 2 5£2 0.05
(years)

Diuretics 11 (37) 6 (23) 0.05

Previous shunt 15 (50) 10 (38) NS

LV dysfunction 7 (23) 2(8) NS

RV dysfunction 11 37) 4 (15) NS

NS not significant, LV left ventricle, RV right ventricle

for the development of CKD in our cohort of patients. All
three patients with diabetes and all five patients with
hypertension had renal dysfunction. Another significant
risk factor was the length of the follow-up period. Patients
with renal dysfunction had a longer mean follow-up period
(43 vs. 30 years in the normal cohort; p < 0.005). Patients
with renal dysfunction also were found to be older at time
of complete repair, with a mean age of 10 versus 5 years
(p < 0.05). Finally, patients with renal dysfunction were
more likely to require daily diuretics than those with nor-
mal renal function (p < 0.05) (Table 3).

In addition to these significant risk factors, several other
trends were identified. Compared with patients who had
normal kidney function, patients with renal dysfunction
were more likely to have undergone a previous shunt
placement (50 vs. 38 %), more likely to have decreased LV
systolic function (23 vs. 8 %), and finally, more likely to
have decreased RV systolic function (37 vs. 15 %). None
of these factors, however, reached significance.

Other factors that were not significant included number
of previous surgeries, presence of chromosomal anomaly,
or presence of renal anomaly (Table 3).

When the patients with hypertension and diabetes mel-
litus were excluded from the analysis, similar results were
found. For the remaining 51 patients, the significant risk
factors included length of the follow-up period (39 vs.
29 years; p < 0.05), older age at the time of complete
repair (7 vs. 4.5 years; p < 0.03), and greater likelihood of
daily diuretics use (p < 0.05) (Table 4).

Discussion
Our data demonstrate that the prevalence of renal impair-

ment among patients with repaired TOF is significantly
higher than expected for the general population [3]. The
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Table 4 Risk factor analysis excluding five patients with hyperten-
sion and type 2 diabetes mellitus

Risk factor Renal dysfunction =~ Normal p Value
(n =25) (n = 26)
F/U period (years) 39 £2 29 £2 0.05
Age at complete VA== 45+£2 0.03
repair (years)
Diuretics: n (%) 7 (29) 14) 0.05

F/U follow-up

etiology of CKD in this population is clearly multifactorial.
Data show that long-standing cyanosis, exposure to neph-
rotoxic medications, and multiple previous cardiac cathe-
terizations all contribute [7]. In addition, all these patients
have needed multiple previous surgeries requiring cardio-
pulmonary bypass. Cardiopulmonary bypass is a well-
known risk factor for acute kidney injury, with as many as
30-50 % of adult patients experiencing acute kidney injury
after cardiopulmonary bypass [5, 8, 13]. In addition, a
number of investigators have shown that multiple episodes
of acute kidney injury have a cumulative effect, leading to
CKD [1, 16].

In our analysis, patients had worse renal function if
complete repair occurred at a later age. In addition, a trend
among the patients with CKD was a greater likelihood of
having undergone a previous Blalock—-Taussig shunt
placement. Both of these variables suggest that patients
more likely to experience the development of CKD may
have been cyanotic longer [4, 7]. Dimopoulos et al. [4]
found cyanosis to be a strong multivariable predictor of
eGFR in a large retrospective review of patients with adult
congenital heart disease followed at their center. Several
previous papers have discussed the relationship between
long-standing cyanosis and the risk for cyanotic glomeru-
lopathy [5, 7, 10]. Although the relationship between
cyanosis and renal dysfunction is well established, the
underlying mechanism leading to renal dysfunction is
debated. Most experts believe that chronic hypoxia likely
has both direct and indirect effects leading to renal dys-
function [5, 7, 10].

Other risk factors for renal dysfunction in adult con-
genital heart disease patients identified in previous studies
include age at follow-up evaluation, use of diuretics, and
ventricular function [4]. In our study, we found similar risk
factors. The patients in our cohort with renal dysfunction
clearly were older and more likely to be using diuretics. In
addition, the patients with renal dysfunction in our series
manifested a trend for decreased systolic function.

In patients with acquired heart disease and ventricular
dysfunction, end organ perfusion often is compromised.
Decreased renal perfusion leads to activation of
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neurohormonal physiology, such as the sympathetic ner-
vous system or the renin-angiotensin cascade, potentiating
ventricular remodeling and retention of sodium and water
[12]. This ultimately may lead to a slow progression of
cardiac and renal insufficiency. It is reasonable to assume
that this cycle also is present in patients with congenital
heart disease.

Not surprisingly, the presence of hypertension and type
2 diabetes mellitus also were found to be risk factors for the
development of renal dysfunction in our cohort. The
mechanisms of both disorders that affect kidney function
have been well described in the literature. Importantly, the
prevalence of CKD in our cohort remained well above the
expected prevalence in the general population even when
patients with type 2 diabetes mellitus and hypertension
were excluded from our analysis. We believe this is a very
important finding that emphasizes the importance of rou-
tine screening for other treatable risk factors (i.e., hyper-
tension and type 2 diabetes mellitus) in this high-risk
patient group.

The impact of CKD on both total and cardiovascular
morbidity and mortality in adults with acquired heart dis-
ease is well described in the literature. The prevalence and
impact of CKD on the adult with congenital heart disease,
however, has rarely been evaluated [4]. Similar to our data,
Dimopoulos et al. [4] found a high prevalence of renal
dysfunction among adults with congenital heart disease,
with 50 % of the 1,100 patients evaluated in their program
having at least stage 2 CKD. Even more concerning was
that in this study, patients with CKD beyond stage 3 had a
6-year mortality rate fivefold higher than those with normal
kidney function. Similar to our data, the majority of patients
in their study had only mildly reduced renal function.
However, in their study, the prevalence of even mildly
reduced renal function carried an increased risk of mortal-
ity, with a twofold increase in the 6-year mortality rate
versus that among patients who had a normal eGFR [4].

In our study, we risk stratified our patients using the
National Kidney Foundation CKD staging system. In this
staging system, the calculated eGFR for each patient is
extremely important for decision making. The MDRD is a
widely accepted and implemented formula that factors
serum creatinine, age, sex, and race [6]. Other calculations,
such as the Crockraft and Gault equation [2], incorporate
body weight, whereas pediatric calculations such as the
Schwartz formula incorporate height [15]. It is important to
note that although these calculations are indeed estimates,
they are more accurate than the use of serum creatinine
alone and should be applied to monitor for the progression
of CKD.

The MDRD, validated in many studies, is used in the
Kidney Disease Outcome Quality Initiative (NKF-K/
DOQI) staging system. Finally, the MDRD also has
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performed well when studied in adults with congenital
heart disease [17].

Study Limitations

Our study was limited by its retrospective design. The
study encompassed many years of medical data, and
although we analyzed all information, complete medical
history was not necessarily available. For example, we
were unable to account for all nephrotoxic exposures such
as contrast dye or antibiotics throughout each patient’s
lifetime. Urine analysis was not available for all our
patients when data were collected, precluding the ability to
evaluate for proteinuria, and thus potentially underesti-
mating the degree of renal insufficiency in our cohort.
Finally, a larger sample of patients would have added
power to the study as well as further delineation of which
nonsignificant associations may have contributed to renal
insufficiency.

Conclusion

In conclusion, renal dysfunction in adults after surgical
repair of TOF is common, and the prevalence is much
higher than expected compared with the general popula-
tion. Our results emphasize the importance of routine
assessment of renal function and the need to limit or avoid
future episodes of acute kidney injury in this at-risk
population.
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