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Abstract

Background: The incidence of heart failure is increasing within the Fontan population. The use
of serological markers, including B-type natriuretic peptide, has been limited in this patient
population. Methods: This was a single-centre retrospective study of Fontan patients in acute
decompensated heart failure. Fontan patients underwent a 1:2 match with non-Fontan patients
for each heart failure hospitalisation for comparative analysis. A univariate logistic regression
model was used to assess associations between laboratory and echocardiographic markers and a
prolonged length of stay of 7 days or greater. Results: B-type natriuretic peptide levels were sig-
nificantly lower in Fontan patients admitted for heart failure than that in non-Fontan patients
[390.9 (±378.7) pg/ml versus 1245.6 (±1160.7) pg/ml, respectively, p< 0.0001] and were higher
in Fontan patients with systemic ventricular systolic or diastolic dysfunction than that in
Fontan patients with normal systemic ventricular function [833.6 (±1547.2) pg/ml versus
138.6 (±134.0) pg/ml, p= 0.017]. The change from the last known outpatient value was
smaller in Fontan patients in comparison with non-Fontan patients [65.7 (±185.7) pg/ml versus
1638.0 (±1444.7) pg/ml, respectively, p< 0.0001]. Low haemoglobin and high blood urea
nitrogen levels were associated with a prolonged length of stay. Conclusion: B-type natriuretic
peptide levels do not accurately reflect decompensated heart failure in Fontan patients when
compared to non-Fontan heart failure patients and should, therefore, be used with caution
in this patient population.

The rate of survival into adulthood in babies born with univentricular heart defects and sub-
sequently palliated by the Fontan operation has dramatically increased over the past several dec-
ades.1,2 Despite these favourable mid-term outcomes, the expected trajectory to late adulthood
for Fontan patients is less encouraging as they eventually develop many of the Fontan-related
comorbidities such as arrhythmias, systemic venous congestion, and liver fibrosis and cirrhosis.
Although this disease course is well described and expected by care providers, its insidious
propagation makes impending Fontan failure difficult to recognise and manage in a timely
manner.3 Unlike systolic heart failure in patients with anatomically normal hearts, the systemic
ventricle in a failing Fontan circulation is often under-filled, while the central venous pressures
are chronically elevated, independent of the cardiac index.3 Correspondingly, there is a relatively
low incidence of significant systolic ventricular dysfunction, which further distinguishes these
patients from those with anatomically normal hearts.4–6 Decompensated heart failure in Fontan
patients is driven by a reduction in pulmonary blood flow as opposed to a drop in the systemic
cardiac output. In clinical practice, risk stratification and volume assessment in heart failure
patients are evaluated not only by means of physical examination and imaging but also by
obtaining relevant laboratory biomarkers. B-type natriuretic peptide, a marker of myocardial
stretch and elevated cardiac filling pressures, is frequently used for these purposes in the general
heart failure population.7 Although serum levels of B-type natriuretic peptide were shown to be
elevated in Fontan patients, its clinical utility at the time of acute decompensation is variable,
and its prognostic ability remains in question.8–10 In this study, we, therefore, sought to char-
acterise the biomarker profile of Fontan patients hospitalised for acute decompensation and to
evaluate the association between these markers and the overall length of the hospital stay. We
also compared the biomarker profiles of Fontan patients to those of heart failure patients with
anatomically normal hearts admitted in decompensated heart failure to assess whether these
two different physiologic settings translate into different laboratory profiles during acute
decompensation.
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Methods

Adult patients with a Fontan circulation, who were hospitalised
for decompensated Fontan failure at a single quaternary care
centre between January, 2013 and October, 2018, were retrospec-
tively identified using International Classification of Diseases
(ICD)-9 and ICD-10 codes for single ventricle diagnoses (ICD-
9: 745.3, 746.01, 746.7 and ICD-10: Q20.4, Q22.0, Q22.6,
Q23.4). Identified patients underwent subsequent confirmation
of a Fontan physiology by review of medical records and all avail-
able imaging studies. Given the different terminologies that may
be encountered in this patient population, either “decompensated
heart failure” or “decompensated Fontan failure” was considered
to be a qualifying primary diagnosis on admission, and the medi-
cal chart was subsequently reviewed to verify a clinical diagnosis
of decompensated heart failure with symptoms of dyspnea on
exertion or volume overload for every patient encounter. Each
Fontan-failure hospital encounter was 1:2 matched by age, gen-
der, and renal function with a non-Fontan heart failure admission
by the initial inpatient laboratory profile. Identical inclusion cri-
teria were used for the matched population.

Patient demographic information and clinical data were
extracted from each qualifying hospitalisation encounter. Lab-
oratory data, including complete blood count, basic metabolic
panel, liver function test, and B-type natriuretic peptide levels,
were collected for each of the study patients at the time of admis-
sion. In addition, the last available corresponding outpatient
laboratory values prior to admission were collected. Patient
encounters without B-type natriuretic peptide values were
excluded from the analysis. The Model of End-stage Liver
Disease score without international normalised ratio, which
has been shown to predict risk for cardiac complications and
mortality in Fontan patient, was calculated for each study patient
encounter.11 Blinded review of two-dimensional echocardio-
grams performed during the hospitalisation for all included
patients was critically reviewed by one of the authors (J.B.).
Echocardiographic parameters assessed included systolic func-
tion of the systemic ventricle, systemic atrioventricular valve
function, aortic valve function, and diastolic parameters.12

Ventricular systolic dysfunction was defined as a systemic ven-
tricle ejection fraction <45%.13 Information regarding use of
diuretics was gathered on the Fontan population. In addition
to characterising the laboratory and echocardiographic profiles,
we investigated associations among the biomarkers, the echocar-
diographic parameters, and the prolonged length of hospital stay.
Prolonged length of stay was defined as ≥7 days. Biomarker pro-
files and the association among biomarkers, echocardiographic
findings, and length of stay were compared between the
Fontan failure and general heart failure patients.

Descriptive and comparative analyses are presented as the
mean with the standard deviation reported. The continuous data
had a normal distribution. Comparative analysis was done with
independent t-test for continuous variables and Chi-square test
for categorical variables. A univariate logistic regression model
was used to evaluate the association between biomarkers and
prolonged length of stay. Additional stratification was also
done within the Fontan cohort by systemic ventricular function
and Fontan type. A p-value of <0.05 was deemed statistically
significant. Statistical analysis was done with STATA
version 15 (StataCorp, College Station, TX). The University of
Washington Institutional Review Board approved this retrospec-
tive study.

Results

The study cohort included 54 encounters for 20 Fontan patients
and 108 encounters for 108 unique non-Fontan patients who were
admitted to our hospital for decompensated Fontan failure or heart
failure. Within the Fontan cohort, there were 5 patients with an
atriopulmonary Fontan, 10 patients with a lateral tunnel Fontan,
and 5 patients with an extracardiac Fontan. Four patients were
admitted four or more times for Fontan failure symptoms, and
the remaining were admitted three or less times within the study
period. The quality of matching between the Fontan patients and
the non-Fontan patients was adequate with no statistical difference
between groups in age, gender, and admission creatinine (Table 1,
Supplemental Table S1). The time from the most recent outpatient
visit to inpatient heart failure admission was similar between the
two groups with an average of 71.9 (±56.1) days for Fontan patients
and 78.1 (±64.8) days for non-Fontan patients (p= 0.574). The
mean hospital length of stay was not different between groups
(10.6 ± 14.6 days for Fontan patients and 13.2 ± 12.6 days for
non-Fontan patients, p= 0.249, Table 1). No deaths occurred dur-
ing the recorded hospital admissions, and none of the patients
underwent either mechanical circulatory support device implanta-
tion or heart transplantation.

Echocardiographic parameters of the Fontan and of the
matched non-Fontan cohorts are presented in Table 1. Systemic
ventricular dysfunction was present in a minority of the Fontan
patients, whereas it was present in the majority of the non-
Fontan heart failure patients. Aortic valve dysfunction (i.e., steno-
sis or regurgitation > mild) was not present in any of the Fontan
patients, and greater moderate systemic atrioventricular valve
regurgitation was more common in non-Fontan patients.

As shown in Table 1, admission levels of platelets, sodium,
blood urea nitrogen, aspartate aminotransferase, and B-type
natriuretic peptide differed between the Fontan failure and non-
Fontan heart failure groups. The mean B-type natriuretic peptide
level on admission was lower for the Fontan patients than the non-
Fontan heart failure patients (390.0 ± 978.7 pg/ml versus
1245.6 ± 1160.7 pg/ml, p< 0.0001, Fig 1a). The mean change in
B-type natriuretic peptide from the last known outpatient value
was lower for Fontan patients than that for non-Fontan patients
(65.7 ± 185.7 pg/ml versus 1638.0 ± 1444.7 pg/ml, p< 0.0001,
Fig 1b). None of the Fontan patients were treated with angiotensin
receptor/neprilysin inhibitors, which can cause B-type natriuretic
peptide elevation, whereas 11 (10.2%) of the non-Fontan heart
failure patients were treated with these agents.

Within the Fontan cohort, admission B-type natriuretic peptide
levels were significantly higher in those with moderate or severe
systemic ventricular dysfunction than those with mild or no sys-
temic ventricular dysfunction (833.6 ± 1547.2 pg/ml versus
138.6 ± 134.0 pg/ml, p= 0.017, Fig 2). However, there was no dif-
ference in the degree of B-type natriuretic peptide change from the
last recorded outpatient value to admission value by the presence
or absence of systemic ventricular dysfunction (31.8 ± 59.5 pg/ml
versus 120.1 ± 287.5 pg/ml, p= 0.151). In the patient subgroup
with systolic dysfunction, the mean B-type natriuretic peptide lev-
els on admission were not lower for the Fontan patients than in the
general heart failure patients (833.6 ± 1547.2 pg/ml versus
1377.2 ± 1244.7 pg/ml, p= 0.1241); however, the mean change
in B-type natriuretic peptide level from the last known outpatient
value remained lower for Fontan patients than for non-Fontan
patients (120.1 ± 287.5 pg/ml versus 1894.1 ± 1524.9 pg/ml,
p= 0.0001). No differences were found in the admission B-type
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natriuretic peptide levels based on systemic atrioventricular valve
regurgitation severity (t-test p= 0.989) or the presence of shunt in
the Fontan pathway (t-test p= 0.081). The diastolic echocardio-
graphic parameters, E/A ratio, E/e 0 ratio, and isovolumic relaxa-
tion time had the strongest correlation with elevated B-type
natriuretic peptide level in the Fontan patients (correlation
R-values 0.602, 0.664, and −0.569, respectively), whereas these
parameters were not associated with B-type natriuretic peptisde
(BNP) levels in the general heart failure group (Table 2). The mean
B-type natriuretic peptide level was 1623.7 (±2257.6) pg/ml in
atriopulmonary Fontan patients, 158.3 (±115.1) pg/ml in lateral
tunnel Fontan patients, and 200.4 (±212.0) pg/ml in extracardiac
Fontan patients with a significant difference between the groups
(p= 0.001). The change from last outpatient value to admission
B-type natriuretic peptide level was not significantly different by
Fontan type (p= 0.233).

Table 3 describes the association between admission laboratory
values and a prolonged hospital length of stay. In Fontan patients,

both a low haemoglobin level (OR 0.766, 95% CI 0.609–0.964,
p= 0.023) and an elevated blood urea nitrogen level (OR 1.053,
95% CI 1.011–1.098, p= 0.013) were associated with a prolonged
length of stay. These associations were not observed for non-
Fontan patients. None of the other laboratory values were associ-
ated with prolonged length of stay in the Fontan population
(Table 3). In contrast, elevated serum potassium, bilirubin, and
The Model of End-stage Liver Disease score without international
normalised ratio were associated with prolonged hospitalisation in
non-Fontan patients (OR 2.597, 95% CI 1.100–5.699, p= 0.029;
OR 2.079, 95% CI 1.281–3.375, p= 0.003; and OR 1.100, 95%
CI 1.023–1.182, p= 0.009, respectively). Neither admission
B-type natriuretic peptide level nor degree of change from baseline
B-type natriuretic peptide level was associated with a prolonged
hospitalisation in either group (Table 3). Similarly, none of the
echocardiographic findings were associated with a prolonged hos-
pital length of stay≥7 days in either group. By specific Fontan type,
neither atriopulmonary Fontan, lateral tunnel Fontan, nor extrac-
ardiac Fontan patients had a prolonged hospital length of stay pre-
dicted by their admission B-type natriuretic peptide level (log
p= 0.640, log p= 0.075, and log p= 0.768, respectively) or a sig-
nificant change in B-type natriuretic peptide level from most out-
patient value (log p= 0.590, log p= 0.182, and log p= 0.372,
respectively). Home diuretics were seen in 55.6% of the decompen-
sated Fontan admissions. Home diuretic requirements did not
impact the length of stay (log p= 0.805). The B-type natriuretic
peptide level on admission and change in B-type natriuretic pep-
tide level from outpatient to admission did not differ in Fontan
patients depending on diuretic use (p= 0.274 and p= 0.507,
respectively).

Discussion

While the appropriateness of use and the prognostic implications
of biomarkers in heart failure patients with anatomically normal
hearts are well established, little evidence exists on their use in
decompensated Fontan failure patients. Systemic ventricular sys-
tolic dysfunction is more the exception than the rule in Fontan
patients, and chronically elevated central venous pressures make
traditional exam findings of volume overload less reliable. In this
study, we, therefore, aimed to characterise the biomarker profile of
Fontan patients admitted with Fontan failure and to evaluate for an
association between biomarkers and the hospital length of stay.We
found that patients with decompensated Fontan failure had signifi-
cantly lower B-type natriuretic peptide levels and a smaller change
from their outpatient baseline values than the patients with non-
Fontan heart failure. In addition, within the Fontan patient pop-
ulation, the presence of atriopulmonary Fontan system, decreased
systemic ventricular function, and diastolic dysfunction were all
associated with higher B-type natriuretic peptide levels. There
was no correlation between B-type natriuretic peptide levels and
hospital length of stay, whereas such correlation did exist between
lower haemoglobin and higher blood urea nitrogen levels. The
non-significant finding by Fontan type is likely due to the lack
of power by the small sample size of subgroups. Lastly, none of
the echocardiographic parameters for Fontan types were found
to correlate with hospital length of stay.

Myocardial dysfunction with increased wall stretch is only one
of several etiologies for Fontan system failure. In a recently pub-
lished summary of a conference proceedings on Fontan failure,
the authors identified four phenotypes associated with this condi-
tion: patients with ventricular systolic dysfunction, patients with

Table 1. Baseline characteristics

Patient characteristics

Fontan Non-Fontan

n= 54 n= 108 p-value

Male gender (%) 31 (57.4) 62 (57.4)

Age, years 34.1þ 11.2 34.6þ 11.0 0.802

Creatinine 1.06þ 0.45 1.08þ 0.42 0.847

Length of stay, days 10.6 þ 14.6 13.2 þ 12.6 0.249

Echo parameters

Systemic ventricular
dysfunction (%)

20 (37) 81 (75) <0.0001

Atrio-ventricular
regurgitation (%)

4 (7.4) 32 (29.6) 0.0012

Cyanotic shunts (%) 20 (37) 0 (0) <0.0001

Diastolic parameters

E/A ratio 1.57þ 0.23 2.42þ 1.63 0.0002

E/e 0 10.3þ 2.2 13.9þ 6.1 0.0001

IVRT 102.2þ 12.0 77.7þ 22.8 <0.0001

Admission lab values

Sodium 133.7 ± 4.7 135.4 ± 5.9 0.048

Potassium 4.0 ± 0.5 4.0 ± 0.7 0.848

BUN 29.0 ± 16.5 22.6 ± 23.0 0.043

Haemoglobin 12.9 ± 2.8 12.8 ± 2.4 0.702

Platelets 190.9 ± 76.2 219.0 ± 76.2 0.022

AST 48.2 ± 115.3 99.5 ± 211.8 0.115

ALT 30.8 ± 36.1 112.4 ± 269.8 0.035

Alk Phos 98.5 ± 39.2 91.2 ± 61.4 0.449

T Bili 1.2 ± 0.9 1.6 ± 1.3 0.082

BNP 390.0 ± 378.7 1245.6 ± 1160.7 <0.0001

MELD-XI 9.2 ± 5.7 10.7 ± 6.3 0.144

Baseline characteristics between Fontan and non-Fontan patients, reported as n (%) or mean
value (± SD). ALT= alanine aminotransferase; AST= aspartate aminotransferase; BNP= brain
natriuretic peptice; BUN= blood urea nitrogen; dL= deciliter; IU= international units;
IVRT= isovolumetric relaxation time; L= litre; MELD-XI =model for end-stage liver disease
without international normalised ratio. mEq =miliequivalents; mg =milligram;
ng = nanogram; SD = standard deviation.
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ventricular diastolic dysfunction, with or without systemic atrio-
ventricular valve regurgitation, patients with cardiac cirrhosis with
preserved cardiac function, and patients with normal cardiac and
liver function, but with significant lymphatic abnormalities.3 Of
these suggested phenotypes, it appears that high wall stretch and
associated elevated BNP levels are expected to be present in the first
two. The estimated prevalence of each of these phenotypes is
largely unknown, and some overlap between the phenotypes
may exist. In our study, 37% of the Fontan related admissions
had systemic systolic ventricular dysfunction, and we found that
B-type natriuretic peptide levels were higher in these patients as
well as in those with diastolic dysfunction. These data suggest that
elevated B-type natriuretic peptide levels at the time of admission
can correctly identify those with systemic ventricular systolic or
diastolic dysfunction at the time of decompensation-related

hospitalizations. At this time, however, limited data exist as to
whether phenotype-guided diagnostics and therapy should be
utilised.3,14

We did not identify an association between elevated B-type
natriuretic peptide levels and the overall length of stay in our study,
yet the low number of patients included in this study precluded the
possibility of performing a subgroup analysis to evaluate this asso-
ciation with Fontan patients with systolic or diastolic dysfunction
only. Very little data exist on the prognostic implications of B-type
natriuretic peptide during acute Fontan failure, whereas some data
exist in the ambulatory outpatient setting. In paediatric Fontan
patients, it was demonstrated that B-type natriuretic peptide levels
are rarely elevated and are only weakly associated with worse out-
comes such as a low chronotropic index, diastolic dysfunction by
echo, and high ventricular mass.15 In ambulatory adult Fontan
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Figure 1. BNP levels between Fontan and non-Fontan
heart failure patients. (a) Admission BNP level by Fontan
status. (b) Change from outpatient BNP by Fontan status.
Horizonal line represents the median. The box spans the
25th to the 75th quartile of values with whiskers extending
to the 10th and 90th percentiles. Dots represent outliers.
BNP = B-type natriuretic peptide.
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patients, one study found a correlation between elevated B-type
natriuretic peptide levels and heart failure mortality.9 N-terminal
pro-hormone B-type natriuretic peptide levels were also found to
be elevated in Fontan patients independent of volume status and
cardiac function.10 Thus, it appears that differences in the prognos-
tic implications of elevated B-type natriuretic peptide levels may
exist between the acute inpatient admissions and the more chronic
outpatient settings. Further studies are required to further delin-
eate these differences and to address the issue of the prognostic
and therapy-guiding implications of this biomarker.

Prolonged hospital length of stay in heart failure patients is a
major driver of cost in many health care systems.16 While baseline
B-type natriuretic peptide was not associated with a prolonged
hospital length of stay in our Fontan cohort, low haemoglobin
and elevated blood urea nitrogen levels were the two laboratory
studies that were found to correlate with this outcome. These lab-
oratory values are likely proxies of co-morbidities leading to their
association with prolonged hospitalisation due to a higher degree
of illness severity. Anaemia is a well-recognised sequelae of chronic
disease, and its association with decreased functional capacity
and mortality in the Fontan population may have additional
implications.17,18 Elevated blood urea nitrogen, but not elevated
creatinine levels, was associated with prolonged hospitalisation.
Whereas the discrepancy between blood urea nitrogen and creati-
ninemay seem counterintuitive, it may reflect a chronic low output
state with decreased renal perfusion leading to blood urea nitrogen
elevation. Admitted patients with elevated blood urea nitrogen lev-
els may be more difficult to improve with diuresis alone and thus
require assistance from inotropic therapy, prolonging their hospi-
talisation. A previous study noted that patients with a low glomeru-
lar filtration rate as assessed by cystatin C levels were at increased
risk of hospitalisation, but this was not noted in creatinine-derived
glomerular filtration rate in the same series, suggesting that creati-
nine may not provide as granular an estimation of renal function as
would be ideal.19 Organ dysfunction, as indicated by the presence

of anaemia and chronic kidney dysfunction, reflects the peripheral
chronic effects of the Fontan circulation. Recent studies have inves-
tigated other biomarkers in this challenging population. Saral et al.
explored an extensive panel of potential biomarkers and found that
Fontan patients have a higher level of inflammation markers, stem
cell mobilisation, renin neurohormonal activation, cardiac injury,
and abnormal metabolism, and although this provides the founda-
tion for further study, the clinical utility of any specific marker still
remains unclear.20 Opotowsky et al. found that Galectin-3 is
elevated in Fontan patients with an increased risk of cardiovascular
admission or death; however, additional study is needed for this
promising biomarker.21 Serum amino-terminal procollagen type
III reflects ventricular remodelling and fibrosis in Fontan patients
and may provide another potential therapeutic target.22

Angiopoietin-2 levels were shown to be associated with the burden
of atrial arrhythmias.23 Faecal calprotectin levels may be able to
detect the development of protein losing enteropathy in Fontan
patients; however, one should strive for earlier identification of
Fontan failure as the disease process is difficult to reverse at this
stage.24 Overall, the Fontan circulation is characterised by complex
interactions between multiple organ systems with continuous
interplay among the heart, lungs, liver, kidneys, and vasculature.
Deterioration of other organ systems, in addition to the heart,
may result in a general decompensated state in Fontan patients,
requiring longer hospitalizations. This area of study remains
underexplored and deserved further attention in the field of
CHD research.

Limitations

This study has several important limitations. Our single-centre
retrospective study is subject to variations in care among patients,
provider specific practices, institutional bias, and inherent con-
founders in the interpretation of data. ICD-9 and ICD-10 codes
were used for identification of our Fontan patient cohort, and
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Figure 2. Admission BNP value by SV
dysfunction stratified by Fontan status.
Horizonal line represents the median.
The box spans the 25th to the 75th quar-
tile of values with whiskers extending to
the 10th and 90th percentiles. Dots
represent outliers. BNP= B-type natriu-
retic peptide. SV= systemic ventricle.
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we sought to limit patient misclassification through a detailed chart
review of each participant; however, incomplete patient capture
may have occurred. Despite querying 5 years worth of admissions,
we were only able to identify a small sample of unique Fontan
patient at our large adult CHD centre, which limits the power of
our analysis. To increase our sample size of hospital admission
analysis, repeat encounters of the same patients were evaluated,
which may lead to sampling bias. We, therefore, refrained from
reporting on patient characteristics. Likewise, the data were not
stratified by further comorbidities due to the limited power of
the small sample. We ensured an adequate match quality, but
our matched non-Fontan sample may have an inherent bias that
is unaccounted for. Given these limitations, we did not study
any clinical outcomes, such as death, major adverse cardiovascular
events, or development of cirrhosis.

Conclusion

In conclusion, we found that the B-type natriuretic peptide levels
were significantly lower in Fontan failure patients admitted with
decompensation than that in non-Fontan heart failure patients
and that there was no significant difference between outpatient
baseline B-type natriuretic peptide levels and admission B-type
natriuretic peptide levels for Fontan patients. Admission B-type
natriuretic peptide levels were not associated with prolonged hos-
pital length of stay, whereas anaemia and markers of chronic kid-
ney injury were. These findings underscore the multi-organ
involvement inherent in the pathophysiology of the failing
Fontan circulation and highlight the difficulty in treating the age-
ing Fontan population, as there are currently no clear serologic
markers to aid in the detection of failing Fontan physiology. B-type
natriuretic peptide levels should, therefore, be used with caution in
the assessment of decompensated Fontan failure.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/S1047951120001250

Acknowledgements. None.

Financial support. None.

Conflicts of interest. None.

References

1. Gewillig M, Brown SC. The Fontan circulation after 45 years: update in
physiology. Heart (British Cardiac Society) 2016; 102: 1081–1086.

2. Karamlou T, Diggs BS, Person T, Ungerleider RM, Welke KF. National
practice patterns for management of adult congenital heart disease: oper-
ation by pediatric heart surgeons decreases in-hospital death. Circulation
2008; 118: 2345–2352.

3. HebsonC, BookW , Elder RW, et al. Frontiers in Fontan failure: a summary
of conference proceedings. Congenit Heart Dis 2017; 12: 6–16.

4. Buber J, Valente AM. Predicting survival in adults with congenital heart
disease: what are the odds? Heart (British Cardiac Society) 2018; 104:
1643–1644.

5. Gewillig M, Brown SC, Eyskens B, et al. The Fontan circulation: who con-
trols cardiac output? Interact Cardiovasc Thorac Surg 2010; 10: 428–433.

6. Gewillig M, Goldberg DJ. Failure of the fontan circulation. Heart Fail Clin
2014; 10: 105–116.

7. Januzzi JL, Troughton R. Are serial BNPmeasurements useful in heart fail-
ure management? Serial natriuretic peptide measurements are useful in
heart failure management. Circulation 2013; 127: 500–507; discussion 508.

8. Eindhoven JA, van den Bosch AE, Ruys TP, et al. N-terminal pro-B-type
natriuretic peptide and its relationship with cardiac function in adults with
congenital heart disease. J Am Coll Cardiol 2013; 62: 1203–1212.

Table 2. Echocardiographic correlates with B-type natrieuretic peptide

Fontan correlation
R-value p-value

Non-Fontan
correlation R-value

p-value correlation
R-value

Systemic ventricular dysfunction 0.3449 0.018 0.2155 0.035

>Moderate systemic atrioventricular valve regurgitation 0.002 0.989 0.077 0.454

Cyanotic shunts −0.2567 0.082 ~ ~

Diastolic parameters

E/A ratio 0.6018 <0.0001 0.1184 0.299

E/e 0 0.6635 <0.0001 0.0761 0.489

Isovolumic relaxation time −0.569 <0.0001 −0.1099 0.314

Table 3. Effect of laboratory characteristics on prolonged hospitalisation

Fontan patients Non-Fontan patients

Admit lab Odds ratio p-value Odds ratio p-value

Sodium 0.992 0.873 0.953 0.255

Potassium 0.990 0.980 2.597 0.029

BUN 1.053 0.013 1.017 0.209

Creatinine 4.016 0.061 1.499 0.399

Haemoglobin 0.766 0.023 0.911 0.258

Platelets 0.996 0.341 0.997 0.266

AST 1.002 0.793 1.004 0.083

ALT 1.003 0.738 1.005 0.057

Alkaline phosphatase 1.009 0.251 1.009 0.111

Total bilirubin 0.732 0.346 2.079 0.003

BNP 1.000 0.975 1.000 0.045

MELD-XI 1.083 0.131 1.100 0.009

Echocardiography

SV dysfunction 2.089 0.250 0.951 0.911

E/A 1.436 0.760 0.742 0.121

E/e 0 1.072 0.583 1.027 0.443

Isovolumic relaxation time 1.001 0.963 0.990 0.275

ALT= alanine aminotransferase; AST= aspartate aminotransferase; BNP= brain natriuretic
peptice; BUN= blood urea nitrogen; MELD-XI=model for end-stage liver disease without
international normalised ratio; SV= systemic ventricle

960 V. P. Nguyen et al.

https://doi.org/10.1017/S1047951120001250 Published online by Cambridge University Press

https://doi.org/10.1017/10.1017/S1751731112000146
https://doi.org/10.1017/S1047951120001250


9. Burchill LJ, Redington AN, Silversides CK, et al. Renin-angiotensin-
aldosterone system genotype and serum BNP in a contemporary
cohort of adults late after Fontan palliation. Int J Cardiol 2015; 197:
209–215.

10. Heck PB, Müller J, Weber R, Hager A. Value of N-terminal pro brain
natriuretic peptide levels in different types of Fontan circulation. Eur J
Heart Fail 2013; 15: 644–649.

11. Assenza GE, GrahamDA, LandzbergMJ, et al. MELD-XI score and cardiac
mortality or transplantation in patients after Fontan surgery. Heart (British
Cardiac Society) 2013; 99: 491–496.

12. Nagueh SF, Smiseth OA, Appleton CP, et al. Recommendations for the
evaluation of left ventricular diastolic function by echocardiography: an
update from the American Society of Echocardiography and the
European Association of Cardiovascular Imaging. Eur heart J Cardiovasc
Imaging 2016; 17: 1321–1360.

13. Lang RM, Bierig M, Devereux RB, et al. Recommendations for chamber
quantification: a report from the American Society of Echocardiography’s
Guidelines and Standards Committee and the Chamber Quantification
Writing Group, developed in conjunction with the European Association
of Echocardiography, a branch of the European Society of Cardiology. J
Am Soc Echocardiog 2005; 18: 1440–1463.

14. BookWM, Gerardin J, Saraf A, Marie Valente A, Rodriguez F, 3rd. Clinical
phenotypes of Fontan failure: implications for management. Congenit
Heart Dis 2016; 11: 296–308.

15. Atz AM, Zak V, Breitbart RE, et al. Factors associated with serum brain
natriuretic peptide levels after the Fontan procedure. Congenit Heart Dis
2011; 6: 313–321.

16. Burchill LJ, Gao L, Kovacs AH, et al. Hospitalization trends and health
resource use for adult congenital heart disease-related heart failure. J
Am Heart Assoc 2018; 7: e008775.

17. Silverberg DS, Wexler D, Blum M, et al. The use of subcutaneous erythro-
poietin and intravenous iron for the treatment of the anemia of severe,
resistant congestive heart failure improves cardiac and renal function
and functional cardiac class, and markedly reduces hospitalizations. J
Am Coll Cardiol 2000; 35: 1737–1744.

18. Cedars A, Benjamin L, Burns SV, Novak E, Amin A. Clinical predictors of
length of stay in adults with congenital heart disease. Heart (British Cardiac
Society) 2017; 103: 1258–1263.

19. Opotowsky AR, Baraona FR, Mc Causland FR, et al. Estimated glomerular
filtration rate and urine biomarkers in patients with single-ventricle Fontan
circulation. Heart (British Cardiac Society) 2017; 103: 434–442.

20. Saraf A, De Staercke C, Everitt I, et al. Biomarker profile in stable Fontan
patients. Int J Cardiol 2020; 305: 56–62.

21. Opotowsky AR, Baraona F, Owumi J, et al. Galectin-3 Is elevated and asso-
ciated with adverse outcomes in patients with single-ventricle Fontan cir-
culation. J Am Heart Assoc 2016; 5.

22. SugimotoM, Saiki H, Tamai A, et al. Ventricular fibrogenesis activity assessed
by serum levels of procollagen type III N-terminal amino peptide during the
staged Fontan procedure. J Thorac Cardiovasc Surg 2016; 151: 1518–1526.

23. Shirali AS, Lluri G, Guihard PJ, et al. Angiopoietin-2 predicts morbidity in
adults with Fontan physiology. Sci Rep 2019; 9: 18328.

24. Miranda C, Taqatqa A, Chapa-Rodriguez A, Holton JP, Awad SM. The use
of fecal calprotectin levels in the Fontan population. Pediatr Cardiol 2018;
39: 591–594.

Cardiology in the Young 961

https://doi.org/10.1017/S1047951120001250 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951120001250

	Utility of biomarkers in adult Fontan patients with decompensated heart failure
	Methods
	Results
	Discussion
	Limitations
	Conclusion
	References


