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Objectives: 1) To determine the accuracy of estimatedGFR (eGFR) as compared to directlymeasuredGFR (mGFR)
in the adult Fontan population; 2) to determine the true prevalence of chronic kidney damage (CKD) as deter-
mined by uACR AND eGFR.
Methods: Prospective study of 81 patients Fontan patients (≥18 years) followed at St. Paul's Hospital, University
of British Columbia. CKD-EPI and MDRD equations used to calculate eGFR, mGFR determined by 99mTc-DTPA
renal dynamic imaging and urine albumin to creatinine ratios were calculated.
Results: The mGFR was 93 ± 27 ml/min/1.73 m2: 28 (53%) had an mGFR b 90 ml/min/1.73 m2 and 1 (2%) had
an mGFR b60 ml/min/1.73 m2. There was a modest correlation between mGFR and eGFR (EPI/MDRD) (r = 0.50,
p b 0.0001 and r = 0.54, p b 0.0001 respectively). Both eGFR (EPI) (bias 27.0; 95% CI 18.0–27.7 ml/min/m2,
p b 0.0001) and eGFR (MDRD) (bias 15.5; 95% CI 7.6–17.4 ml/min/m2, p b 0.0001) overestimated GFR as com-
pared tomGFR. Among patients with an eGFR (EPI)/(MDRD) N90ml/min/1.73m2, 50% and 46% respectively had
anmGFR b90ml/min/1.73m2. Significant albuminuria (N3mg/mmol)was present in 33% and upwards of 32% of
patients with a normal eGFR (MDRD/EPI) had evidence of CKDwith uACR N3mg/mmol. Using combined criteria
of eGFR b90 ml/min/1.73 m2 and/or uACR N3 mg/mmol, 46% of patients had evidence of CKD.
Conclusions: This study draws attention to the need for stringent CKD screening as an important proportion of
CKD is currently not being detected. Mild undetected CKD, an early marker of end organ damage, may also be
an early sign of Fontan failure that requires warrants further research.
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1. Background

The Fontan procedure creates a unique circulation that separates the
systemic venous circulation from the systemic arterial circulation in
children born with univentricular physiology. This surgery has substan-
tially decreased mortality and children are now surviving into adult-
hood [1,2]. The downside is that as a result of the surgically created
Fontan circulation, patients are exposed to a high-pressure venous
circulation and relative deprivation of cardiac output over a lifetime.
In addition, alongwith possible previous episodes of acute kidney injury
and neuro-hormonal/inflammatory changes, susceptibility to extra-
cardiac organ damage including chronic kidney damage is increased
(CKD). Certainly, extra-cardiac organ damage is being increasingly rec-
ognized in the Fontan population, however, there is limited published
data examining CKD in this population.

Retrospective data has shown that moderate to severe kidney dam-
age as diagnosed by estimated glomerular filtration rate (eGFR) alone is
present in up to 10–15% of adult Fontan patients and is associated with
up to a 5 fold increase in mortality [3]. Even a mild degree of CKD as

determined by an eGFR between 60 and 90 ml/min/m2 has been
shown to be associated with a poor prognosis in the Fontan population.
Glomerularfiltration rate (GFR) is accepted as the best overall measure-
ment of kidney function and an essential means for screening CKD.
Accurate determination of GFR is important for the diagnosis and cate-
gorization of CKD. However, the accuracy of routine assessment of kid-
ney function using estimated GFR (eGFR) in the Fontan population is
unknown as some endogenous markers are likely to be suboptimal in
select groups of patients. We question whether eGFR assessment is ac-
curate in the Fontan population given the abnormal circulation, liver
congestion, decreased muscle mass and abnormal protein metabolism.
Furthermore, according to the KDIGO 2012 guidelines, CKD should be
determined by BOTH eGFR assessment and urine albumin to creatinine
ratio (uACR) [4]. Urine ACR alone is amarker of kidney damage and pre-
dicts adverse outcomes in many populations including the heart failure
population [5–8]. However, uACR is not routinely assessed in the Fontan
population and the true prevalence of CKD, using both uACR and GFR
measurements, is unknown.

The objectives of this study were to: 1) to determine the accuracy of
eGFR as compared to directlymeasured GFR (mGFR) in the adult Fontan
population; 2) to determine the true prevalence of CKD as determined
by uACR AND eGFR in the adult Fontan population.
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2. Methods

2.1. Study population

This is a prospective study of adult patients (≥18 years) who underwent a Fontan
operation. Patients actively followed in the Pacific Adult Congenital Heart Clinic at
St. Paul's Hospital, University of British Columbia were approached for consent and en-
rolled between 2014 and 2016. Exclusion criteria included patients who were pregnant,
declined to give consent or were hospitalized in the prior 60 days. The institutional ethics
review board approved the study.

All patients underwent a complete history, physical examination and assessment of
New York Heart Association functional class. Physical examination included resting oxy-
gen saturation at room air (after 5 min of rest). The following data was also obtained
from the patient records: underlying cardiac diagnoses, age at and type of Fontan
procedure, other cardiac interventions, current cardiac medications, and history of all car-
diac events that had occurred up until the time of last follow-up. Cardiac event composite
included: thromboembolic complications, heart failure requiring additional therapy or
hospitalization, refractory arrhythmias requiring pharmacologic or electrophysiology in-
tervention and/or protein losing enteropathy. Standard investigations including electro-
cardiogram, cardiopulmonary stress testing, and echocardiogram were performed at or
within 2 months of the clinical visit.

2.2. Kidney function assessment

All patients underwent outpatient blood collection for serum creatinine. GFR was es-
timated (eGFR) using Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) and
Modification of Diet in Renal Disease Study (MDRD) equations. Directly measured GFR
(mGFR) was determined by 99mTc-DTPA renal dynamic imaging. After measuring height
and weight, drinking 300-to-500-mL water, and emptying the bladder, participants re-
ceived a bolus injection of 185 MBq 99mTc-DTPA (purity 95–99%). The 99mTc-DTPA renal
dynamic imaging measurement was carried out and after image acquisition, mGFR was
automatically calculated with a computer by the Gates method. Urine albumin to creati-
nine ratio was calculated and averaged from two first morning voids.

2.3. Statistical analysis

All data was analyzed using SPSS version 18.0 (SPSS, Inc., Chicago, Illinois). No data
sets were normally distributed, thus, nonparametric statistics were used throughout.
Bias, precision, and accuracy were used to evaluate the performance of the MDRD and
EPI equations as compared to mGFR. Bias was defined as themedian results of differences
between eGFR and mGFR (eGFR–mGFR). The interquartile range (IQR) of the differences
was a marker of precision. Accuracy was calculated as the proportion of eGFR within
30% of mGFR (P30). Classical Bland–Altman plots analysis was also used to compare
mGFR and eGFR. Smoothed lines fit to plotted data for each patient, bias (eGFR–mGFR)
against eGFR. The association of mGFR and any CKD with cardiovascular events was
evaluated using logistic regression analysis. Data were considered statistically significant
at p b 0.05. CKD prevalence was ascertained by the stringent criteria set forth by the
Kidney Disease: Improving Global Outcomes guidance 2012.

3. Results

A total of 81 consecutive adult Fontan patients were enrolled in
this study (Table 1). The mean eGFR of the overall population was
109 ± 19 ml/min/1.73 m2 by the EPI equation and 100 ± 22 ml/min/
1.73 m2 by MDRD equation. Ten patients (12%) had an eGFR b90
ml/min/1.73 m2, of which 3 patients had an eGFR b60 ml/min/1.73 m2

as calculated by the EPI equation. Eighteen patients (22%) had an eGFR
b90 ml/min/1.73 m2, of which 4 patients had an eGFR b60 ml/min/
1.73 m2 as calculated by the MDRD equation.

Fifty-two adult Fontan patients underwent direct measurement of
GFR. The mean mGFR was 93 ± 27 ml/min/1.73 m2: 28 (53%) had
an mGFR b90 ml/min/1.73 m2 and 1 (2%) has an mGFR b60 ml/min/
1.73 m2. There was a moderately positive correlation between mGFR
and eGFR (EPI) (r = 0.50, p b 0.0001) (Fig. 1a) and between mGFR and
eGFR (MDRD) (r = 0.54, p b 0.0001) (Fig. 1b). Both eGFR (EPI) (bias
27.0; 95% CI 18.0–27.7 ml/min/m2, p b 0.0001) and eGFR (MDRD)
(bias 15.5; 95% CI 7.6–17.4 ml/min/m2, p b 0.0001) overestimated GFR
as compared to mGFR. However, there was less bias with the eGFR
(MDRD) equation. Bland-Altman analysis demonstrated a consistent re-
sult (Fig. 1c and d). The proportion of individuals with an eGFR within
30% of themGFRwas 50% for eGFR (EPI) and 77% for eGFR (MDRD). Pre-
cision assessment was 25.5 for eGFR (EPI) and 27.8 for eGFR (MDRD).
Results were consistent with analyses defined by the bias (eGFR-
mGFR) versus eGFR, and the smoothed lines show the fit of the
data (Fig. 2a and b). Among patients with an eGFR (EPI) N90 ml/min/

1.73 m2, 24 of 48 (50%) has an mGFR b 90 ml/min/1.73 m2. Similarly
20 of 43 (46%) patients with an eGFR (MDRD) N90 ml/min/1.73 m2

had an mGFR b 90 ml/min/1.73 m2. In contrast, among patients with
an eGFR (EPI) or eGFR (MDRD) N60 ml/min/1.73 m2, none had an
mGFR b 60ml/min/1.73m2. Among the 52 patients with a directly mea-
sured GFR, the mGFR was 88 ± 19 ml/min/1.73 m2 vs. 93 ± 19ml/min/
1.73 m2, p = 0.46 in those who experienced a cardiovascular event vs.
those who did not [OR 0.98 (0.96–1.0), p = 0.45].

Fifty-two adult Fontan patients completed the uACR assessment
with a mean uACR of 4.4 ± 10.1 mg/mmol (median 1.8 mg/mmol
and range 0.2 to 70.0 mg/mmol). Among those who completed
uACR, eGFR (MDRD) was 100 ± 22 ml/min/1.73 m2 and eGFR (EPI)
was 109 ± 21 ml/min/1.73 m2.The prevalence of any degree of
albuminuria greater or equal to 1 mg/mmol was 65% (n = 34/52).
Significant albuminuria defined as N3 mg/mmol was present in 33%
(n = 17/52) of all enrolled patients (Table 2). In the uACR
≤3 mg/mmol vs. N3 mg/mmol the eGFR (MDRD) was 101 ±
24 ml/min/1.73 m2 vs. 98 ± 18 ml/min/1.73 m2, p = 0.62 and eGFR
(EPI) was 110 ± 22 ml/min/1.73 m2 vs. 108 ± 19 ml/min/1.73 m2, p =
0.78. Upwards of 32% of adult Fontan patients with a normal eGFR
(MDRD) had evidence of kidney damage with uACR N3 mg/mmol
and 30% with a normal eGFR (EPI) had a uACR N3 mg/mmol
(Table 2). Using combined criteria of eGFR b90 ml/min/1.73 m2

and/or uACR N3 mg/mmol, 46% of adult Fontan patients had evidence
of CKD. Of the 34 patients that underwent bothmGFR and uACR assess-
ment, 14 had a normal mGFR N90ml/min/1.73 m2 and of these 6 (43%)
had evidence of kidney damage with uACR N3 mg/mmol. In this group
of patients that hadmGFR evaluation up to 76% have evidence of CKDby
mGFR b90 ml/min/1.73 m2 and/or uACR N3 mg/mmol. Among the 52
patients with a uACRmeasurement, the uACRwas 5.9± 14.9mg/mmol
vs. 3.4± 4.9mg/mmol, p=0.38 in thosewho experienced a cardiovas-
cular event vs. those who did not [OR 1.0 (0.96–1.1), p = 0.42].

4. Discussion

This study is the first to examine the reliability of commonly used
eGFR equations in comparison with directly measured GFR in the

Table 1
Patient characteristics.

Characteristic Patientsa

n = 83

Age, years 28.4 ± 9.3
Male 49 (60%)
Fontan anatomy

Atriopulmonary 13 (16%)
Lateral tunnel 30 (36%)
Extra-cardiac conduit 38 (46%)

Cardiac history
Atrial arrhythmias 34 (41%)
Protein losing enteropathy 5 (6%)
Thromboembolism 20 (24%)
Heart Failure 13 (16%)

Systemic ventricle
Normal 43 (52%)
Mildly depressed function 28 (34%)
Moderately/severely depressed function 12 (14%)
Morphologic right ventricle 21 (25%)
Morphologic left ventricle 60 (72%)
Indeterminate ventricle 2 (2%)

Systemic AV valve regurgitation
≥ moderate 17 (20%)

Medications
ACE/ARB 37 (44%)
Beta blocker 32 (38%)
Aspirin 30 (36%)
Warfarin 41 (49%)
Diuretic 8 (10%)

a Mean ± SD or n (%).

63D. Lee et al. / International Journal of Cardiology 257 (2018) 62–66



Download English Version:

https://daneshyari.com/en/article/8662310

Download Persian Version:

https://daneshyari.com/article/8662310

Daneshyari.com

https://daneshyari.com/en/article/8662310
https://daneshyari.com/article/8662310
https://daneshyari.com

