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Increased levels of brain and atrial natriuretic peptides
after the first palliative operation, but not after

a bidirectional Glenn anastomosis, in children

with functionally univentricular hearts
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Abstract We evaluated the concentrations of the brain and atrial natriuretic peptides in the plasma as markers
of ventricular function and volume load in children with functionally univentricular hearts. We studied 7 chil-
dren aged from 0.5 to 0.7 years with functionally univentricular hearts who had undergone a first palliative oper-
ation, and 10 children aged from 1.8 to 3.7 years who had undergone a bidirectional Glenn anastomosis at ages
ranging from 0.4 to 1.0 year. As a control group, we studied 14 children without heart defects aged from 0.1 to
4.5 years. Levels of the brain natriuretic peptide were measured at 8.3 to 122 ng/l, with a mean of 52.8 ng/l, after
the first palliative operation, compared to O to 16 ng/l, with a mean of 7.3 ng/l, after a bidirectional Glenn anas-
tomosis, and 0 to 13.8 ng/l, with a mean of 5.9 ng/l, in the children serving as controls. Corresponding values for
atrial natriuretic peptide were 17 to 203 ng/l, with a mean of 103 ng/l, after the first palliative operation, com-
pared to 16 to 54 ng/l, with a mean of 29 ng/l, after the bidirectional Glenn anastomosis, and 12 to 52 ng/l, with
a mean of 32 ng/l in the controls. Echocardiography showed that all the children with functionally univentric-
ular hearts had normal ventricular function. Blood presssure, pulmonary arterial pressure, and arterial saturations
of oxygen did not differ between the groups. We conclude, that in children with functionally univentricular
hearts, the volume overload imposed on the heart after the first palliative operation is associated with increased
production of brain and atrial natriuretic peptides, while after ventricular unloading, levels of the natriuretic
peptides return to control values.
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the individual defect, but results in a situation where

HILDREN WITH CONGENITAL CARDIAC
‘ malformations that do not allow for a circula-

tion with two ventricles pumping in series
undergo a staged procedure in order to achieve a
Fontan circulation.” The first stage is usually per-
formed in the immediately neonatal period, and serves
to ensure adequate systemic and pulmonary flows
along with a low pulmonary arterial pressure. The
precise procedure, therefore, differs depending on
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the systemic and pulmonary circulations are connected
in parallel, and consequently imposes a volume over-
load on the heart.>? Subsequent stages relieve this
overload, and establish a connection between the
pulmonary and systemic circulations in series but
with the pulmonary circulation driven by an increased
central venous pressure and respiratory movements
rather than a pumping ventricle.

Becuase of the variable anatomy of the ventricles
in the individual hearts producing a functionally
univentricular arrangement, the common echocar-
diographic estimates of systolic function, such as
ejection or shortening fractions, and diastolic
ventricular function are not always applicable.
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Instead, ventricular function is often simply graded
by some arbitrary system of scoring. Evaluation of
ventricular function, nonetheless, is essential during
follow-up in patients with functionally univentri-
cular hearts. An alternative measure would therefore
be valuable.

Brain and atrial natriuretic peptides are synthe-
sized in the atriums and ventricles of the heart, and
released into the circulation in response to increased
stretch of myocytes.* ™ In the circulation, they act as
relievers of volume and pressure overload by induc-
ing diuresis, natriuresis and vasodilation. Locally,
in the myocardium they exhibit anti-hypertrophic
and anti-fibrotic effects.® The peptides, therefore, seem
to increase in response to stimuluses induced by car-
diac failure, and their actions counteract some hemo-
dynamic consequences of failure. Accordingly, in
the last decade, concentrations of these peptides in
the plasma, particularly the brain natriuretic peptide
and precursors of the atrial natriuretic peptide, have
emerged as markers of left and right ventricular fail-
ure.””'? They might also be useful, therefore, as a diag-
nostic tool when evaluating ventricular function in
patients with functionally univentricular hearts. The
levels of the peptides in patients with functionally
univentricular hearts, however, is less well described.
Increased levels have been found late after com-
pletion of the Fontan circulation, after a total
cavopulmonary connection, or after a bidirectional
Glenn anastomosis, > but the effects of the volume

Wabhlander et al: Natriuretic peptides in patients with functionally univentricular hearts 269

overload induced by the first palliative operation is
not known. The present study was designed to eval-
uate the plasma concentrations of the natriuretic
peptides in children with functionally univentricu-
lar hearts with apparently good ventricular function,
and to evaluate the effect of the volume overload
imposed by the first palliative operation on their
levels in the plasma.

Methods

Patients

We included in the study 20 children with function-
ally univentricular hearts undergoing in-patient eval-
uation for future operations at our institution from
July 2000 to January 2002. A first palliative opera-
tion had been undertaken in nine, who were investi-
gated in preparation for a subsequent bidirectional
Glenn anastomosis at an age of 5 to 6 months. A bidi-
rectional Glenn anastomosis has already been con-
structed in the other 11 children, in addition to the
first operation, the Glenn shunt being constructed
at an age of 4.6 to 11.6 months, with a mean of 7.6
and a median of 7.0 months. The children were
undergoing investigation 11.0 to 39.0 months, with
a mean of 28.4 and a median of 30.5 months, after
the bidirectional Glenn as evaluation for a subse-
quent total cavopulmonary connection. Their respec-
tive diagnoses, and the initial palliative procedures,
are given in Table 1. All children underwent routine

Table 1. Diagnosis and primary palliative operations in the children with functionally univentricular hearts.

Patient Stage Diagnosis Ventricular morphology Primary procedure
AL I DORYV, CoA, Subvalv. AS RV Norwood
EE I TAtr, VSD LV BTS
HW I AVSD, TGA, Hypoplastic RV, Hypoplastic Ao arch LV Norwood
IH 1 AVSD, PAtr, MAPCA, Hypoplastic LV, CoA RV BTS, Unifocalization
LR I DORYV, AVSD, Subvalv PS RV 0

MA 1 MAtr, PAtr, TGA RV BTS
WH I HLHS RV Norwood
AN 1 HLHS RV Norwood
GE 1 DORYV, MAtr RV BPT

DL I HLHS RV Norwood
1B 1T PAtr, TS Lv BTS

JB 1I DILV, TGA, VSD LV BPT

JjT 1T DILV, TGA, VSD LV BTS

KA 1T DILV, TGA, VSD LV BPT

KM 1I TAtr, VSD LV BTS

LF 1T TAtr, Left-sided RV, TGA, ASD LV DKS

ML II TAtr, VSD LV BTS

NG 1I HLHS RV Norwood
VL 11 AVSD, Hypoplastic LV, Hypoplastic Ao Arch RV Norwood
AB 11 TGA, Hypoplastic RV Lv BPT

Abbreviations: AVSD: atrioventricular septal defect; Ao: aorta; AS: aortic stenosis; BPT: banding of the pulmonary trunk; CoA: coarctation
of the aorta; DILV: double inlet left ventricle; DORV: double outlet right ventricle; HLHS: hypoplastic left heart syndrome; LV: left ventricle;
MAPCA: major aortopulmonary collateral arteries; MAtr: mitral atresia; PAtr: pulmonary atresia; PS: pulmonary stenosis; RV: right ventricle;
TGA: discordant ventriculo-arterial connections; TAtr: tricuspid atresia; TS: tricuspid stenosis; VSD: ventricular septal defect;

BTS: Blalock-Taussig shunt; DKS: Damus-Kaye-Stanzel anastomosis
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echocardiography with an Acuson 128XP or ATL
HDI 5000 system. Ventricular function was assessed
by an arbitrary scale from 1, considered poor, to 4 rep-
resenting excellence. Atrioventricular valvar regurgi-
tation, if present, was assessed by a similar scale from
1 representing mild regurgitation to 4 for very severe
incompetence. The echocardiographic evaluation was
done with the examiner blinded to the results for
assay of the natriuretic peptides. Systemic arterial pres-
sure was measured by sphyngomanometry, mean pul-
monary arterial pressure was measured at cardiac
catheterization during general anaesthesia, and arte-
rial saturation of oxygen was measured with pulse
oxymetry. We recruited 14 children without heart
disease, aged from one month to 4.5 years, as a con-
trol group for the measurements of the natriuretic
peptides. All the parents of the children received writ-
ten information about the study and gave their consent
for participation. The local medical ethics committee
at Goteborg University approved the study.

Measurements of the natriuretic peptides

Blood samples of 2 ml were drawn from a peripheral
vein with the children awake. They were collected
into plastic tubes with added disodium ethylene-
diamine tetraacetic acid and aprotinin (500 IU/ml
blood). The tubes were immediately taken to the
laboratory, centrifuged at 4°C for separation of
plasma, and the plasma was then frozen and stored at
—70°C until analysis.

The brain and atrial natriuretic peptides were
measured using solid-phase immunoradiometric assays
(IRMA) (Shionoria, Shionogi & Co. Ltd, Osaka, Japan)
with a coefficient of variation for the atrial natriuretic
peptide of 8.0% for a mean of 39.7 ng/l and 3.6%
for a mean of 280ng/l. For the brain natriuretic
peptide, comparable values were 8.1% for a mean of
20.3 ng/l; 3.9% for a mean of 44.1ng/l; 4.6% for
a mean of 303 ng/l and 5.4% for a mean of 557 ng/l.
Detection limits were 2.5 ng/l for the atrial natri-
uretic peptide, and 2.0 ng/l for the brain natriuretic
peptide. The reference intervals for the brain natri-
uretic peptide were 0—18.4 ng/l, and 0-43 ng/l for
the atrial natriuretic peptide.

June 2003

Statistical methods

Values are expressed as mean and range. Levels of the
natriuretic peptides were compared between groups
with a one-way analysis of variance followed by
Tukey’s test for multiple comparisons. Measurements
of pressure and saturation of oxygen were compared
between the groups of children with different stages
of the Fontan circulation with Student’s t-test. All

the calculations were made using Systat 7.0 for
Windows® software (SPSS Inc., Chicago, IL, USA).

Results

All 20 children with functionally univentricular hearts
underwent echocardiographic evaluation of ventric-
ular function. In two children, however, one child
after the first palliative operation and another after a
bidirectional Glenn anastomosis, ventricular func-
tion was considered to be compromised. Furthermore,
one child in the group studied after the first pallia-
tive operation was found to have a restrictive atrial
septal defect, and consequently an elevated left atrial
pressure. Because of the potential influence of the
depressed function and increased atrial pressure on
levels of natriuretic peptides independent of volume
load, these three children were omitted from further
comparisons between the groups. Thus, seven children
were studied after the first palliative operation, and
ten children after a bidirectional Glenn anastomosis.

Systemic arterial pressure, mean pulmonary arte-
rial pressure, and arterial saturation of oxygen were
all similar after the first palliative operation and after
the bidirectional Glenn anastomosis, respectively
(Table 2). Of seven children studied after the first pal-
liative operation, and of ten studied after the bidirec-
tional Glenn shunt, five and three respectively had
morphologically right ventricles as the dominant sys-
temic ventricle. In each group, two children exhib-
ited moderate atrioventricular valvar regurgitation,
graded at 2 out of 4, while the remaining children
had none or trivial atrioventricular valvar regurgita-
tion. As outlined above, all children had good func-
tion of the dominant ventricle. Angiotensin converting
enzyme inhibitors in combination with frusemide
were administered to two children studied after the

Table 2. Hemodynamic variables in children with functionally univentricular hearts.

Arterial saturation
of oxygen (%)

Pulmonary arterial
pressure (mmHg)

Age Systolic arterial
Group (years) pressure (mmHg)
Stage I 0.6 (0.5-0.9) 91 (80-103)
(7 patients)
Stage II 3.0 (1.6-3.7) 96 (70-112)
(10 patients)

11 (5-15) 78 (73-82)

10 (7-15) 79 (70-86)
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Figure 1.

Individual values of BNP in the three groups of children. Stage I
refers to children, after the first palliative operation with a volume
overloaded ventricle. Stage 11 refers to children who had undergone
unloading of the ventricle by means of a bidirectional Glenn opera-
tion. Control vefers to the control group with children without heart
defects. The horizontal bars represent the mean value of each group.
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Figure 2.

Individual values of ANP in the three groups of children.
Explanations are the same as in Figure 1.

tirst palliative operation, and to three children stud-
ied after a bidirectional Glenn shunt, while one addi-
tional child studied after the first palliative operation
was treated with frusemide only. All children were
free from symtoms of heart failure.

Concentrations of the natriuretic peptides in the
plasma are presented in Figures 1 and 2. Levels of the
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brain natriuretic peptide were significantly higher in
children studied after the first palliative operation,
at 8.3 to 122, with a mean of 52.8 ng/l, than in chil-
dren studied after the bidirectional Glenn anastomo-
sis, who had levels from zero to 16, with a mean
of 7.3ng/l. Comparable values in control children
ranged from zero to 13.8, with a mean of 5.9 ng/l.
The results for the atrial natriuretic peptide were
similar, with the levels higher in children studied
after the first palliative operation, being bewteen
17 and 203, with a mean of 103 ng/l. The comp-
arable levels were from 16 to 54, with a mean
of 29ng/l, in the children studied after a bidirec-
tional Glenn anastomosis, and from 12 to 52, with
a mean of 32ng/l, in the control children. Of the
seven children studied after the first palliative opera-
tion, six had concentrations of the peptides that were
higher than any of those encountered in the children
in the other two groups (Figs 1 and 2). These six chil-
dren studied after the first palliative operation all had
concentrations of both peptides above the laboratory
reference value. In the children studied after a bidi-
rectional Glenn anastomosis, and in the control chil-
dren, respectively, one and two children had levels
of the atrial natriuretic peptide above the reference
value, but no child in these two groups had concen-
trations of the brain natriuretic peptide above the ref-
erence value. Because earlier studies have suggested
that levels of both natriuretic peptides are increased
during the first three months of life, we included six
children less than three months old in the control
group in order to eliminate the potential influence of
age in children studied after the first palliative oper-
ation compared to those studied after the bidirec-
tional Glenn anastomosis. In this respect, there was
no obvious correlation between levels of either the
brain natriuretic peptide (r = 0.13, p = 0.66) or the
atrial natriuretic peptide (r = —0.31, p = 0.28) and
age within the children serving as controls.

The concentrations of the peptides were also deter-
mined in the three children omitted from statistical
comparison. One girl with hypoplastic left heart syn-
drome had compromised ventricular function, at a
grade of 2 out of 4, at the time of catheterization pre-
ceding construction of a bidirectional Glenn anasto-
mosis. She was accepted for the shunt procedure, but
within six weeks of catheterization, and prior to the
planned surgery, her ventricular function was deemed
normal. She has subsequently undergone the Glenn
anastomosis, and her ventricular function has remained
normal. Her levels of brain and atrial natriuretic pep-
tipes were 19.3 and 34.6 ng/l, respectively. Another
boy with double outlet left ventricle and mitral atre-
sia had a restrictive atrial septal defect, and conse-
quently underwent atrial septectomy at the time of
construction of the Glenn anastomosis. His ventricular
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function was normal at all estimations, and the gra-
dient between the atriums was relieved. His levels
of the brain and atrial natriuretic peptipes were 153
and 301 ng/l, respectively. The final boy, with dis-
cordant ventriculo-arterial connections, straddling of
the tricuspid valve, and hypoplastic right ventricle,
was found to have compromised ventricular function
at the evaluation preceding the proposed completion
of the total cavopulmonary connection. He had no
symptoms of heart failure. Based on the echocardio-
graphic findings, the total cavopulmonary connec-
tion was not performed. The boy was treated with
enalapril and frusemide, and the family was offered
an evaluation for cardiac transplantation in case of
intractable heart failure. The levels of the brain and
atrial natriuretic peptipes were 144 and 76.8 ng/l,
respectively.

Discussion

Our main findings are that children with function-
ally univentricular hearts have increased concentra-
tions in the plasma of both the brain and atrial
natriuretic peptides after the first palliative opera-
tion, when the systemic and pulmonary circulations
are connnected in parallel. The levels of the peptides
are higher when compared both to levels measured
in children without cardiac defects, and when com-
pared to children who had undergone ventricular
unloading by means of a bidirectional Glenn proce-
dure. The study group, however, was comparably
small and the limited number of patients warrants
further discussion regarding possible confounding
factors when interpreting the results.

The most likely explanation for the increased
levels of the natriuretic peptides after the first palliative
operation seems to be the volume overload imposed
by the palliative procedure. Increased levels of the
brain natriuretic peptide have previously been found
in premature babies with persistence of the arterial
duct, and in children with congenital cardiac malfor-
mations associated with pulmonary regurgitation and
right ventricular volume overload after repair.!>!°
Increased levels of the atrial natriuretic peptide were
found in children with ventricular septal defects and
patency of the arterial duct,'”'® and were correlated
to left atrial pressure in children with various defects
with volume overload.!” Furthermore, adults with
atrial septal defects had higher levels of both natri-
uretic peptipes, but this was exaggerated in the pres-
ence of pulmonary hypertension.”>*! In our study, six
of the seven children studied after the first palliative
operation had flow to the lungs provided by means
of a fixed modified Blalock-Taussig shunt, rendering
the volume load on the dominant systemic ventri-
cle similar for all children in this group. Prolonged
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ventricular overload after the first palliative proce-
dure in children with functionally univentricular
hearts has been associated with an increased risk for
cardiac failure, and also a worse long-term frognosis
even after unloading of the ventricle,”>**~** Levels of
the natriuretic peptides, therefore, seemed to func-
tion as early markers for ventricular volume load,
even when the children appeared clinically well, had
normal ventricular function and at most exhibited
moderate atrioventricular valvar regurgitation.

On the other hand, in those children in whom
ventricular unloading had been achieved by the bidi-
rectional Glenn procedure, levels of the natriuretic
peptides were very similar to those found in the con-
trol group. Furthermore, the levels observed in the
children studied in both these groups were within
the clinical reference values for our laboratory for the
natriuretic peptides. They were also similar to the
levels found in a group of 20 healthy adolescents
studied in our laboratory (unpublished results). Yet,
the boy with depressed ventricular function after the
bidirectional Glenn anastomosis had levels of the
brain natriuretic peptide higher than those found in
the children studied after the first palliative opera-
tion, and almost 8 times higher than the rest of the
children studied after the bidirectional Glenn shunt.
Previous reports on the levels of the natriuretic pep-
tides after a bidirectional Glenn shunt or a completed
total cavopulmonary connection or Fontan procedure
at older ages have described elevated levels in teenagers
five years after surgery.'>'* In the latter study, chil-
dren with a total cavopulmonary connection or a
Fontan procedure also displayed alterations in cardiac
autonomic nervous function similar to those seen in
patients with heart failure. Mildly elevated levels of
the brain and atrial natriuretic peptides were also
found 3 years after volume unloading by repair of
ventricular and atrial septal defects in 10-year old
children.? This suggests that early ventricular unload-
ing in children with functionally univentricular hearts,
producing levels of the natriuretic peptides similar to
those found in healthy children without heart defects,
might be valuable for preserving ventricular function.
It also seems possible that the finding of increased
levels of either the brain or atrial natriuretic peptides
in these patients should raise the suspicion of ventric-
ular dysfunction, or increased ventricular load for other
reasons, even in the absence of clinical symptoms.

The atrial and brain natriuretic peptides have both
previously been associated with cardiac failure, and
echocardiographic indexes pointing to both systolic
and diastolic dysfunction.”>!"?® This has been shown
for failure of both the left and right ventricles, and
the levels of the brain natriuretic peptide have shown
a correlation with ejection fraction for both ventri-
cles when in failure.”'!" More specifically, in adults
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with congenital cardiac malformations of various
types, increased levels of both natriuretic peptides
were associated with clinical and echocardiographic
signs of cardiac failure.'? Since we excluded children
with echocardiographic evidence of depressed ven-
tricular function, systolic dysfunction is not likely to
explain the difference in levels of the natriuretic pep-
tides between the children studied after the first pal-
liative operation and those examined after the
bidirectional Glenn shunt, respectively. Furthermore,
the frequencies of atrioventricular valvar regurgita-
tion and treatment with inhibitors of angiotensin
converting enzyme and diuretics were similar in the
two groups. The relatively small number of patients
in our study, nonehteless, makes it difficult com-
pletely to rule out a possible influence of atrioven-
tricular valvar regurgitation or medication on the
levels of the natriuretic peptides.

Another possible difference between the children
studied after the first palliative operation and those
studied after the bidirectional Glenn shunt were the
apparently higher proportion of children with mor-
phologically right ventricles studied after the first
palliative operation (Table 1). Both children with a
dominant morphologically left ventricle among the
children studied after the first palliative operation,
however, had increased levels of both natriuretic pep-
tides, and all children with morphologically right
ventricles studied after the bidirectional Glenn shunt
had low levels. Indeed, the only child studied after
the first palliative operation with low levels of both
natriuretic peptides had a morphologically right ven-
tricle. Consequently, ventricular morphology did not
seem to explain the higher levels of the natriuretic
peptides in the children studied after the first pallia-
tive operation. Again, however, the small number of
children in the study does not exclude the possibility
that ventricular morphology may influence the
levels of the natriuretic peptides to some degree.

It could be speculated that the influence of age on
the concentrations of the natriuretic peptides in the
plasma might have affected the levels observed in the
children studied after the first palliative operation.
Both types of natriuretic peptide have been reported
to be increased during the first three months of
life.>’=?° But the children studied after the first pal-
liative operation were all at least five months old, and
the control group included six children less than three
months of age. And six of the seven children studied
after the first palliative operation had levels of the
natriuretic peptides above the highest levels in the
control group, speaking against age as a main factor
for the increased levels found in the children studied
after the first palliative operation. The fact that the
concentrations of the peptides in the children studied
after a bidirectional Glenn shunt, and in the control
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children, were very similar, despite the youngest
child studied after a bidirectional Glenn shunt being
21 months old, also makes the age difference less
likely as the cause for the increased levels of the pep-
tides found in the children studied after the first pal-
liative operation.

Thus, children with functionally univentricular
hearts have increased concentrations of the natri-
uretic peptides in the plasma after the first palliative
procedure that produces volume overload of the
dominant systemic ventricle. These increased levels
were seen even in the absence of echocardiographic
evidence of cardiac failure. After ventricular unload-
ing by a bidirectional Glenn procedure, the levels of
the peptides were similar to those found in healthy
children, making the brain and atrial natriuretic
peptides potential markers for ventricular dysfunc-
tion in these children.
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