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KEYWORDS Abstract

Pediatrics; Background and objectives: In children undergoing congenital heart surgery, plasma brain natri-
Congenital heart uretic peptide levels may have a role in development of low cardiac output syndrome that is
defects; defined as a combination of clinical findings and interventions to augment cardiac output in
Cardiopulmonary children with pulmonary hypertension.

bypass; Methods: In a prospective observational study, fifty-one children undergoing congenital heart
B-type natriuretic surgery with preoperative echocardiographic study showing pulmonary hypertension were
peptide; enrolled. The plasma brain natriuretic peptide levels were collected before operation, 12,
Outcome; 24 and 48 h after operation. The patients enrolled into the study were divided into two groups
Postoperative depending on: (1) Development of LCOS which is defined as a combination of clinical findings

or interventions to augment cardiac output postoperatively; (2) Determination of preoperative
brain natriuretic peptide cut-off value by receiver operating curve analysis for low cardiac out-
put syndrome. The secondary end points were: (1) duration of mechanical ventilation >72h,
(2) intensive care unit stay >7days, and (3) mortality.

Results: The differences in preoperative and postoperative brain natriuretic peptide levels
of patients with or without low cardiac output syndrome (n=35, n=16, respectively) showed
significant differences in repeated measurement time points (p=0.0001). The preoperative
brain natriuretic peptide cut-off value of 125.5 pgmL~" was found to have the highest sensitivity
of 88.9% and specificity of 96.9% in predicting low cardiac output syndrome in patients with
pulmonary hypertension. A good correlation was found between preoperative plasma brain
natriuretic peptide level and duration of mechanical ventilation (r=0.67, p=0.0001).
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Conclusions: In patients with pulmonary hypertension undergoing congenital heart surgery, 91%
of patients with preoperative plasma brain natriuretic peptide levels above 125.5 pgmL~" are at
risk of developing low cardiac output syndrome which is an important postoperative outcome.
© 2013 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. All rights
reserved.

O valor preditivo do peptideo natriurético tipo-B em resultados de criancas com
hipertensao pulmonar submetidas a cirurgia cardiaca congénita

Resumo

Justificativa e objetivo: em criancas submetidas a cirurgia cardiaca congénita, os niveis plas-
maticos de peptideo natriurético cerebral (PNC) podem ter um papel no desenvolvimento da
sindrome de baixo débito cardiaco (SBDC), definida como uma combinagao de achados clinicos
e intervencdes para aumentar o débito cardiaco em criancas com hipertensao pulmonar.
Métodos: em um estudo prospectivo observacional, foram inscritas 51 criancas submetidas
a cirurgia cardiaca congénita, com avaliacdo ecocardiografica pré-operatoria que mostrava
hipertensao pulmonar. Os niveis plasmaticos de PNC foram avaliados antes e 12, 24 e 48 h apds
a operacdo. Os pacientes incluidos no estudo foram divididos em dois grupos em funcéao de: (1)
desenvolvimento de SBDC; (2) determinacao dos valores de corte de PNC no pré-operatorio pela
analise da curva de funcionamento do receptor para SBDC. Os desfechos secundarios foram: (1)
duragédo da ventilacdo mecanica > 72 h, (2) permanéncia em unidade de terapia intensiva > 7
dias e (3) mortalidade.

Resultados: os niveis de PNC nos periodos pré- e pds-operatorio dos pacientes com ou sem
SBDC (n=35, n=16, respectivamente) apresentaram diferencas significantes nos tempos de
mensuracao repetidos (p=0,0001). O valor de corte de PNC de 125,5 pgmL~" no pré-operatério
obteve a maior sensibilidade de 88,9% e especificidade de 96,9% para prever a SBDC em
pacientes com hipertensdo pulmonar. Uma boa correlacao foi descoberta entre o nivel plas-
matico de PNC no pré-operatério e duracao a ventilacao mecanica (r=0,67, p=0,0001).
Conclusées: em pacientes com hipertensao pulmonar submetidos a cirurgia cardiaca congénita,
91% com niveis plasmaticos de PNC acima de 125,5 pgmL~" no periodo pré-operatorio estao em
risco de desenvolver a SBDC, que é um desfecho importante no pds-operatorio.

© 2013 Sociedade Brasileira de Anestesiologia. Publicado por Elsevier Editora Ltda. Todos os

direitos reservados.

Introduction

Plasma brain natriuretic peptide (BNP) is a neurohormone
that is secreted mainly by the ventricles in response to
an increase in right or left ventricular pressures as well
as volume overload. This neurohormone has natriuretic,
diuretic and vasodilatory properties.”? Right ventricular
(RV) dysfunction refers to abnormalities of filling or contrac-
tion without reference to signs or symptoms of heart
failure. Pulmonary hypertension (PH) is defined as; an
echocardiographic finding of a mean pulmonary artery pres-
sure >25mmHg at rest and heart failure (HF) is defined
as; left ventricular pump dysfunction causing dilation,
thinned walls, and poor contractility of the heart are
important causes of RV dysfunction.”? The use of brain
natriuretic peptide (BNP) as an indicator of RV dysfunction
in children with PH undergoing congenital heart surgeries
remains largely unknown. Previous studies demonstrated an
increase in BNP levels preoperatively and postoperatively
in patients with ventricular septal defect or ventricular
dysfunction.?® In recent studies, the goal was to investigate
whether BNP levels can be used as a tool in determi-
nation of diagnosis and prognosis of children.® It was
reported that plasma BNP levels increased immediately

after congenital heart surgeries despite hemodynamic
unloading and also a correlation between peak BNP level
to cardiopulmonary bypass (CPB) time was demonstrated.'®
The development of low cardiac output state (LCOS) has
recently been used as a postoperative outcome measure in
patients undergoing congenital cardiac surgery.'"'? LCOS is
defined as: tachycardia, poor peripheral perfusion, oliguria,
cardiac arrest, need for a 100% increase in pharmacolog-
ical support or administration of a new inotropic agent,
metabolic acidosis with an increase in base deficit.'>"
There are only a few studies providing data that plasma
BNP levels may help to identify children with PH caus-
ing RV dysfunction. ®'"'2 Also, it was demonstrated that
in children with moderately symptomatic HF, BNP level
greater than or equal to 140pgmL~' and age greater
than 2 years are independently associated with poorer
outcomes.

Our goal was to investigate a relation between plasma
BNP levels and postoperative clinical outcomes such as
LCOS, duration of mechanical ventilation, intensive care
unit stay and mortality in a 30-day postoperative period in
patients undergoing congenital heart surgeries with CPB. In
addition, we compared plasma BNP levels before and after
surgery in patients with or without LCOS.
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Methods
Patients

Fifty-one patients with a diagnosis of PH and congenital
heart disease were enrolled in a prospective observa-
tional study design. This study was conducted after local
Ethical Committee approval during the period of July
2008-September 2009. We obtained written informed
consent from the patients’ parents or guardians before
enrollment in the study. In all patients, the presence of
PH and RV dysfunction was shown by an echochardiographic
study before operation. PH is defined as: systolic systemic
arterial pressures of at least 35mmHg or exceeding 50%
of the systemic mean arterial pressure (MAP).'2151¢ The
detection of PH is based on the systolic pulmonary artery
pressure (PAp) calculated from velocities of the tricuspid
or pulmonary valve regurgitations obtained by echocardio-
graphic Doppler studies.'®"” During this measurement the
following diagnostic criteria were used in this study; (1) esti-
mated ratio of pulmonary to systemic pressure (Pp/Ps) using
Doppler echocardiography >0.5, (2) Systolic PAp was mea-
sured by Doppler analysis of tricuspid regurgitant velocity
Doppler flow and depending on previous studies on children
a relationship of systolic PAp to diastolic and mean PAp were
made accordingly,”” (3) significant tricuspid regurgitation,
(4) enlarged or hypertrophied RV without evidence of pul-
monary stenosis, and (5) intraventricular septal flattening.
RV dysfunction is diagnosed based on the echocardiographic
data and the most important parameter in the diagnosis
include: tricuspid annular plane systolic excursion (TAPSE)
value that is based on the age of the patient to assess RV sys-
tolic function.'®"” The echocardiographic studies were done
by the same pediatric cardiologist preoperatively and post-
operatively every 12h and if there are clinical signs of PH
crisis.

All patients had one of the congenital heart diseases
that have high risk for developing postoperative pulmonary
hypertension and these include: (1) isolated VSD, (2) Ven-
tricular septal defect (VSD) and total anomalous pulmonary
venous connection (TAPVR), (3) Ventricular septal defect
(VSD) and partial anomalous pulmonary venous connec-
tion (PAPVR), (4) VSD with or without atrial septal defect
(ASD) and/or PAPVR, and (5) atrioventricular canal defect
(AVSD)."® Patients with single ventricle pathologies were
included into the study. Patients having cardiomyopathies,
transposition of the great arteries, truncus arteriosus and
hypoplastic left heart syndrome were not included. In the
study group all patients had systolic Pap values between
40 and 70 mm Hg with systemic MAP values between 50 and
60%. Patients with systolic PAp values above 70 mm Hg with
a systemic MAP value above 60% were excluded from the
study.

All of the patients underwent congenital heart repair
surgery with CPB. In our study the same surgical team
was involved in all surgical procedures. The patients were
divided into two groups depending on: (1) Development of
LCOS postoperatively and (2) preoperative BNP cut-off value
was determined by receiver operating curve (ROC) analysis
for LCOS.""'34 QOliguria is defined as a urine output that is
less than 1mLkg="h~" in infants, less than 0.5mLkg~"h~’
in children." In children, the normal reference values for

heart rate (HR) and systemic mean arterial pressure were
provided in previous guidelines.?%%'

Primary and secondary end points

The primary end point was the development of LCOS within
30 days of surgery which is an adverse postoperative out-
come. The secondary end points include the development of
other adverse outcomes within 30 days of surgery and these
include: (1) Duration of mechanical ventilation longer than
72 h postoperatively, (2) Duration of intensive care unit stay
longer than 7 days, (3) Mortality in the 30-day postoperative
period, and (4) Development of other complications such as
neurologic deficit, pneumonia, renal failure, ventricular and
atrial arrhythmias, complete atrioventricular block.

Intraoperative anesthetic management

The preoperative anesthesia management, intraoperative
surgical strategy, and pediatric intensive care unit man-
agement protocols are explained in detail previously.?’
Standard anesthetic monitoring include: five-lead electro-
cardiogram, pulse oximeter, rectal temperature probe, end
tidal carbon dioxide, arterial catheter and central venous
catheter. Intraoperative transesophageal echocardiography
was used only occasionally. At the end of CPB, RV systolic
and diastolic pressures were measured via an appropri-
ate sized arterial catheter inserted to the right ventricle.
The catheter was pulled out during closure of the ster-
num. RV mean pressure was collected at the end of CPB.
Children with hemodynamic instability had transthoracic or
transesophageal echocardiographic studies done in the ICU;
however, echocardiographic evaluation was not available
during operation. During surgery, general anesthesia was
induced with the use of midazolam at a dose of 200 pgkg™',
fentanyl sulfate at a dose of 25 pgkg™~', and pancuronium
bromide at a dose of 0.1 mgkg~". Patients received repeated
doses of fentanyl at a dose of 5 pgkg~! and midazolam at a
dose of 50 ug kg~ every half an hour throughout surgery and
inhalational anesthetic of sevoflurane at a dose of 1.0-2.0
MAC (minimum alveolar concentration) was also provided
depending on systemic MAP. Neonates and infants were intu-
bated with uncuffed endotracheal tubes and intraoperative
and postoperative ventilation was maintained with volume-
or pressure-controlled ventilation. Perioperative antibi-
otic prophylaxis included cefazolin. Methyprednisolone was
administered to all patients intravenously in two equally
divided doses of 10mgkg~" each before the start of CPB.

Cardiopulmonary bypass protocol

The CPB circuit included a roller pump, a disposable mem-
brane oxygenator, and an arterial filter. CPB was established
using an arterial cannula and bicaval or a single two-stage
venous cannulae. Cooling and rewarming were carried out
with a heat exchanger. The priming solution consisted of
a crystalloid solution of isotonic sodium chloride and man-
nitol at a dose of 3mLkg~"'. Packed red blood cells were
used to obtain a haematocrit value of 25% before start
of CPB. Heparinization was achieved with heparin sulfate.
During CPB, a perfusion index of 2.4-2.6Lmin~'m~" was



B-type natriuretic peptide and congenital heart surgery

329

used. Moderate hypothermia was performed at 28°C. After
cross-clamp placement, blood cardioplegia with addition of
potassium chloride, sodium bicarbonate, magnesium sulfate
was given at the dose of 30mLkg~". Intermittent antegrade
cold blood cardioplegia at 4 °C was used for myocardial pro-
tection. Heparin was neutralized with protamine sulfate in
a 1:1.5 ratio. Intravenous administration of vasodilator and
inotropic agents were used if necessary to wean patients
from CPB. Volume substitution was carried out with fresh
frozen plasma or 5% human albumin.

Perioperative and postoperative care

The parameters that were collected during surgery and in
the 24h postoperative period include: demographic data,
CPB, aortic cross-clamp time, HR, systemic MAP, mean RV
pressure, central venous pressure (CVP), arterial oxygen sat-
uration, urine output, fluid balance, inotrope agents and
doses. Parameters were recorded every 30 min throughout
the operative procedure and every 30 min in the intensive
care unit after operation. Postoperative adverse outcome
related parameters including duration of mechanical ven-
tilation, intensive care unit (ICU) stay, hospital stay and
30-day mortality were collected. Prolonged mechanical ven-
tilation is described as mechanical ventilation (MV) >72h
following operation.?? Prolonged ICU stay >7 days is consid-
ered as an adverse event.” The patients were evaluated
for postoperative adverse events every 12 h by the research
team including a physician and resident.

Postoperative PH crisis was defined as an increase in
systolic PAp to the level of systemic MAP or greater and
is accompanied by a fall in systemic MAP, a fall in arte-
rial or venous oxygen saturation, or both. The definition is
also associated with hypoxemia, development of metabolic
acidosis and/or hypovolemia. In all of our children PAps
(systolic and correlated diastolic and mean PAps)'” were cal-
culated by echocardiographic Doppler studies in the ICU as
described in patients section. The detection of postopera-
tive PH was based on clinical signs and echocardiographic
studies in the ICU."®"” The important treatment measures to
avoid an increase of PAps intraoperatively and in the post-
operative period in ICU include: (1) To support oxygenation
with inspiratory FiO, at a level of 0.6-1.0; (2) To provide
moderate hyperventilation (to keep PaCO, level between 30
and 35 mmHg); (3) To avoid development of metabolic acid-
osis (to keep pH above 7.4); (4) To provide a recruitment
maneuver to avoid ventilation/perfusion mismatch; (5) To
provide a low-tidal-volume ventilation to avoid overinfla-
tion of aveoli (to keep tidal volume between 6 and 8 mL kg~
ideal body weight); (6) To provide a temperature manage-
ment to maintain body temperature of 36-37°C at the end
of CPB and (7) To provide a ‘‘goal-directed’’ fluid and volume
therapy the effectiveness of hemodinamical monitoring was
followed by measurements of necessary parameters which
include; HR, systemic MAP, mean RV pressure, central venous
pressure (CVP), arterial oxygen saturation, urine output and
fluid balance.?*

Children at risk for or with signs of postoperative
PH were sedated, received mechanical ventilatory sup-
port, and usually received inotropic support (dobutamine
and/or dopamine, additional inotropes of adrenaline and/or
noradrenaline). Intravenous nitroglycerin at a dose of

0.5-3 wgkg~" min~" was provided to patients by appropriate
follow-up of the hemodynamical parameters. These agents
are administered through a right central venous line in
an attempt to keep PAps less than 40% of systemic MAP.
The administration of nitroglycerin is recommended for
intravenous vasodilation. As the effect of this medication
is not limited to the pulmonary circulation and therefore
also induces systemic vasodilation, its administration often
causes a considerable decrease in systemic MAP and involves
the risk of right-ventricular perfusion pressure falling below
a critical limit.'®?4?> |n the acutely decompensated PH,
inhaled nitric oxide, intravenous or inhaled epoprostenol,
iloprost, and inotropic support are the most useful agents.®
However, in our study routine use of these agents was not
available.

PH related events were treated with manual hyperven-
tilation with 100% oxygen and intravenous use of opiate;
fentanyl at a dose of 5-10pugkg~"'. For patients with PH,
mechanical ventilation was continued until the echocar-
diographic studies showed well-controlled measurements of
PAps as well as an improvement in clinical status indicating
that myocardial function had recovered. After extubation
and when there was no longer any need for invasive moni-
toring or vasoactive drugs, the child was transferred to the
Ward.16'24’25

Perioperative measurements

Plasma levels of BNP and arterial blood gases were col-
lected preoperatively, 12, 24 and 48 h postoperatively from
blood samples of an arterial catheter that was inserted
at the beginning of the surgery before induction of anes-
thesia. The surgical and medical teams that are involved
in the management of the study patients were blinded to
plasma BNP values. The plasma levels of BNP were measured
using a commercially available fluorescence immunoassay
(Triage, Beckman Coulter, Inc. San Diego, California, USA).
The measurable range of BNP on this device is between 5
and 5000 pgmL~".

Statistical analysis

Statistical analyses were performed using SPSS 17.0.1 for
Windows software (SPSS Software, Chicago, IL, USA). In the
study by Hsu et al. a sample size of 32 including 16 patients
in each group with or without LCOS is needed to detect a
difference of prolonged intensive care unit stay of 1 day
(1 standard deviation) using 2-sided significance, a power
(1—R) of 80% and an «=0.05."" All variables were tested
for normal distribution using the Kolmogorov-Smirnov test.
Differences of categorical variables were tested with chi
square test. Differences of continuous variables that are
not normally distributed were tested with Mann-Whitney
U test. Changes in plasma BNP levels were compared using
repeated-measures analyses of variance (ANOVA). The utility
of preoperative BNP as a prognostic indicator of postop-
erative outcome was evaluated using receiver operating
characteristic (ROC) curves and the areas under curve
(AUC) as well as sensitivity and specificity were calculated.
Differences with a p-value below 0.05 were considered sta-
tistically significant.
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Results
Patient data

Fifty-one patients were included into the study group. Age,
weight, gender, and the type of cardiac lesions are shown in
Table 1. The median age of the study group of 51 patients
was 1.10 years (range 0.3-3.0 years). The median weight
was 7.00 kg (range 4.00-26.00). In this group, there were 23
(45.1%) male and 28 (54.9%) female patients. In the whole
group, there were 5 patients (9.8%) with isolated VSD, 2
(3.9%) patients with VSD with TAPVR, 13 (25.5%) patients
with VSD and PAPVR (w/wo ASD), 15 (29.4%) patients had
VSD with ASD and 16 (31.4%) patients had AVSD. Six patients
had trisomy 21. In the whole group of patients, thirty-seven
patients (72.5%) showed one or more of the signs of HF and
these include: failure to thrive, respiratory distress, or hepa-
tomegaly and all of them had one or more of the following
medications: digitalis, diuretic and angiotensin converting
enzyme inhibitor.

The distribution of baseline characteristics of patients
after determination of preoperative BNP cut-off value by
receiver operating curve (ROC) analysis for LCOS is pre-
sented in Table 1. The preoperative BNP cut-off value of
125.5 pgmL~" was found to have the highest sensitivity of
88.9% and specificity of 96.9% in predicting LCOS in patients
with PH and the area under curve (AUC) is 91% (Fig. 1).
This finding shows that 91% of patients with a preoperative
plasma BNP level above 125.5pg mL~" value is at very high
risk of developing LCOS. Perioperative BNP levels in both
groups are shown in Table 2. There were significant differ-
ences in the comparison of plasma BNP levels of patients
in repeated measure time points with or without LCOS
(p=0.0001).
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Figure 1 ROC (receiver operating curve) for preoperative
plasma BNP values. A cut-off value of 125.5pgmL~" has a sen-
sitivity of 88.9%, a specificity of 96.9% and area under curve
(AUC) of 91% for predicting low cardiac output state (LCOS).

Five infants with PH died within 30 days after operation
(n=5/51, 9.8%). Two of the deaths occurred within two days
after correction. The two infants, a 30-month-old, 11-kg girl
with history of Down syndrome and AVSD and a 14-month-
old, 9-kg boy with VSD and TAPVR were detected to show
increased mean RV pressure and severe right to left shunting
with a transcutaneous oxygen saturation of 45-84% during
surgery. At the end of the correction, both infants required
inotropic support of dopamine, dobutamine, adrenaline and
noradrenaline in addition to vasodilator therapy of iloprost

Table 1 The distribution of baseline characteristics of patients after determination of preoperative BNP cut-off value by

receiver operating curve (ROC) analysis for LCOS.

Patients LCOS (—) LCOS (+) p? preBNP < 125 preBNP > 125 p?
n=35 n=16 n=30 n=21

Age (year) 2.00 0.95 0.072 2.00 0.80 0.009

(median, range)? (0.3-3.0) (0.4-3.0) (0.3-3.0) (0.4-3.0)

Weight (kg) 10.0 5.25 0.017 10.3 5.5 0.024

(median, range)? (4.0-26.0) (4.0-26.0) (4.0-26.0) (4.0-26.0)

Male/female, n (%)? 18 (35.3)/17 (33.3) 5(9.8)/11 (21.6) 0.179 15 (50)/15 (50) 13 (61.9)/8 (38.1) 0.290

a8 p<0.05 statistically significant, median (range; minimum and maximum) values were provided for not normally distributed data.
n (%), number (percentage); LCOS, low cardiac output syndrome; preBNP, preoperative plasma brain natriuretic peptide (pgmL~").

Table 2 The comparison of changes in plasma BNP levels over time before and after surgery.

Preoperative Postoperative Postoperative Postoperative p?
BNP 12-h BNP 24-h BNP 48-h BNP
All patients (n=51) 138.6 + 109.6 482.9 + 501.8 850.2 + 1186.9 914.6 + 1199.3 0.0001
LCOS (—) (n=35) 88.9 + 60.9 264.2 + 184.5 337.1 + 232.5 289.3 + 222.7 0.0001
LCOS (+) (n=16) 247.1 + 115.5 961.3 + 637.8 1972.4 + 1617.5 1331.9 £+ 2222.5 0.0001
p? 0.0001 0.0001 0.0001 0.0001

a p <0.05 statistically significant; analysis was performed using repeated measures analysis of variance (ANOVA) and Greenhouse-Geisser

test; BNP, plasma brain natriuretic peptide (pgmL~").
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Table 3 The parameters significant for outcome in the 30-day early postoperative period.

Patients LCOS (—) (n=35) LCOS (+) (n=16) p? preBNP <125 (n=30) preBNP>125 (n=21) p?

CPB? time, (min)®  92.0 (30.0-120.0)  102.0 (65.0-217.0) 0.003  41.5 (10.0-93.0) 56.0 (15.0-217.0) 0.128

Aortic cross clamp  41.0 (10.0-77.0) 48.0 (20.0-126.0) 0.431  91.0 (40.0-120.0) 97.0 (30.0-126.0) 0.066
time, (min)®

Duration of 2.0 (1.0-5.0) 5.0 (2.0-32.0) 0.0001 2.0 (1.0-4.0) 4.0 (1.0-32.0) 0.0001
mechanical
ventilation,
(day)®

Intensive care unit 4.0 (2.0-10.0) 9.0 (2.0-32.0) 0.008 4.0 (2.0-15.0) 8.0 (2.0-32.0) 0.026
stay, (day)®

Development of 0 (0) 16 (100) 0.0001 2(6.7) 14 (66.7) 0.0001
LCOS, n(%)

30-day mortality, 0 (0) 5(31.3) 0.0001 0(0) 5 (23.8) 0.0001
n(%)

a8 p<0.05 statistically significant; data are presented as mean + standard deviation or n: number, percentage.
b Median (minimum and maximum) values were provided for not normally distributed data. BNP, plasma brain natriuretic peptide
(pgmL~"); CPB, cardiopulmonary bypass; LCOS, low cardiac output state.

and nitroglycerine; however, cardiac arrest was unpre-
ventable within 36-48h after surgery. In both cases, PH
and tricuspid insufficiency were observed by the echocar-
diographic Doppler studies that were performed within 12 h
after surgery. The third patient was a boy at age of 12
months and weight of 8kg. He had a diagnosis of VSD and
PAPVR and this patient survived five days in the ICU before
cardiac arrest secondary to a PH crisis which was diag-
nosed with clinical findings. The two other patients had
both ASD and VSD as well as severe PH before surgery.
One of them was a 4-month-old, 5-kg boy and the other
was a 3-month-old, 4-kg girl with a diagnosis of Down syn-
drome. The male patient survived for only three days in
ICU before cardiac arrest secondary PH crisis whereas the
female patient had symptoms of LCOS within 12h after
surgery requiring peritoneal dialysis and inotropic support.
Despite adequate therapy, she survived 13 days in the ICU
before cardiac arrest secondary to LCOS. Inhalation of nitric
oxide was provided to only six patients with signs of severe
PH in ICU.

Outcome measures

The LCOS (—) group had no deaths and better outcome in
the 30-day postoperative period after surgery whereas in
LCOS (+) group 5 of the 16 patients (31.25%) died in the
early postoperative period. Four patients died within 7 days
period whereas one patient survived for 12 days postopera-
tively. The data on postoperative outcomes as well as 30-day
mortality are provided in Table 3.

The differences between systemic MAPs, mean RV
pressures and CVPs during surgery and on postoperative
12 h are shown in Table 4. Systemic MAPs were not signif-
icantly different between LCOS (—) and LCOS (+) groups at
the end of CPB. However, at this time point, the patients
with LCOS showed higher RV pressures of 43.50 +5.96 mm Hg
in comparison to the other patients showing a value of
38.89+5.03mmHg (p=0.005). The comparison of arterial
oxygen saturation and CVP showed no significant differences
between groups (98.04 +2.56% vs. 96.01 +£9.24%, p=0.191
and 10.26 +2.15mmHg vs. 10.19 +2.29 mmHg, p=0.385,

Table 4 Division of intraoperative and postoperative characteristics of patients depending on low cardiac output state.

Parameters Group LCOS (—) (n=35) Group LCOS (+) (n=16) p?
Intraoperative hemodynamical data (at the end of CPB)
Heart rate (/min) 159.42 + 9.25 156.30 + 8.82 0.213
Mean systemic arterial pressure (mm Hg) 81.91 &+ 14.08 77.44 + 11.44 0.359
Mean right ventricular pressure (mm Hg) 39.89 £+ 5.63 43.50 + 5.96 0.005
Arterial oxygen saturation (%) 98.04 £+ 2.56 96.01 + 9.24 0.191
Central venous pressure (mm Hg) 10.26 + 2.15 10.19 + 2.29 0.385
Postoperative 12 h hemodynamic data
Heart rate (min) 165.42 + 7.81 166.42 + 8.43 0.581
Mean systemic arterial pressure (mm Hg) 79.94 + 13.16 81.44 + 10.98 0.329
Arterial oxygen saturation (%) 95.75 + 3.80 86.06 + 7.57 0.0001
Central venous pressure (mm Hg) 10.14 £ 2.43 16.19 + 3.26 0.0001

a8 p<0.05 statistically significant; data are presented as mean =+ standard deviation or n: number, percentage; CPB, Cardiopulmonary

bypass; LCOS, Low cardiac output state.
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respectively). On postoperative 12h, while there was no
difference in comparison of systemic MAPs between LCOS
(—) and LCOS (+) groups, patients with LCOS showed higher
CVps and lower arterial oxygen saturations in comparison to
the patients without LCOS (95.75 + 3.80% vs. 86.06 & 7.57%,
p=0.0001 and 10.14+2.43mmHg vs. 16.19 +3.26 mm Hg
p=0.0001, respectively) (Table 4).

A good correlation was found between preoperative
plasma BNP level and duration of mechanical ventila-
tion (r=0.67, p=0.0001); however, weak correlations were
present between preoperative plasma BNP level and aortic
cross clamp time (rho=0.431, p=0.002), intensive care unit
stay (r=0.42, p=0.002) and mortality (r=0.47, p=0.001).

Discussion

The major findings of this study include: (1) In comparison to
preoperative plasma BNP levels, postoperative values show
significant increase in repeated measurement time points
of 12, 24 and 48h after surgery in patients with or with-
out development of LCOS in the postoperative period. (2)
In patients with PH undergoing congenital heart surgery,
91% of patients with preoperative plasma BNP levels above
125.5 pgmL~" are at high risk of developing LCOS which is an
important risk factor for determination of early 30-day post-
operative outcome. (3) The preoperative plasma BNP level
accurately predicts postoperative LCOS in children with PH
and these findings have not been reported previously in stud-
ies investigating pulmonary hypertension in children. 2427
(4) Secondary outcome measures in the early postoperative
period such as duration of mechanical ventilation and inten-
sive care unit stay were prolonged in patients with LCOS in
comparison to patients without LCOS (p=0.0001, p=0.008,
respectively).

In the study by Hoffmann et al., 238 patients were divided
into three groups as: placebo, low-dose milrinone, and high-
dose milrinone groups and LCOS rates were 25.9%, 17.5%,
and 11.7% respectively in the first 36 h after congenital heart
surgery. LCOS patients had a significantly longer duration
of mechanical ventilation (3.1 vs. 1.4 days, p=0.001) and
hospital stay (11.3 vs. 8.9 days, p=0.016) in comparison to
patients without LCOS."?

In children with congenital heart disease who present
with significant PH and predominant left-to-right shunt, a
ratio of pulmonary to systemic resistance <2/3 is used as
a threshold associated with better surgical outcomes.'® The
causes of signs of development of RV failure at the opera-
tion may be related to: (1) different initial volume status,
(2) varying baseline end-diastolic volumes, or (3) varying
degrees of ischemic burden and injury and for treatment
of this pathophysiological finding an initial fluid challenge
of normal saline followed by diuresis is required.'”?* In the
study by Bando et al. children with AV canal, truncus arterio-
sus, TAPVR, transposition of the great arteries, hypoplastic
left heart syndrome, and VSD were determined to be at
high risk for the development of postoperative pulmonary
hypertensive events.? In this study 880 patients at high risk
of developing postoperative pulmonary events were eval-
uated and the number of pulmonary hypertensive events
were recorded in 138 (16%) of the patients and the mortal-
ity in this patient population was 75 (8.5%). The data show

that the mortality rates in children with a diagnosis of PH
undergoing congenital heart repair surgery is significantly
higher than patients without PH. Furthermore, the number
of early deaths associated with PH event was 31 (22.5%) in
138 patients. Regarding patients with severe PH crisis, the
study by Bando et al. found a mortality of 35.5% (n=11/31)
in 1990 through 1994 whereas in recent studies it is also
noted that one complication in addition to simple correction
of congenital heart disease is associated with a mortality
rate up to 9.0%.%¢ Lindberg et al. reported a mortality rate
of 7.4% (n=2/27).* The mortality rate in our study group
is 9.8% and this primary outcome result is compatible with
previous reports.?4-%’

Our patients presented later to the clinic at sicker health
status in comparison to the reported case series in the liter-
ature. In our study group the median age of 12 months was
higher than the median age (4.2-8.6 months) of the reported
studies showing that early diagnoses and treatment was not
always possible in our group of patients.?*?’ In our study,
the patients with LCOS had lower mean body weights and
the incidence of preterm birth history in this group was 9
out of 16 patients (56.3%) whereas patients without LCOS
had higher mean body weight with an incidence of preterm
birth history was 4 out of 35 (11.4%) (Table 2). Our find-
ings support the data provided by the literature that failure
to thrive is a significant finding in congenital heart diseases
with PH.3 Remarkably, outcome of preterm infants with CHD
was significantly worse than that for full-term infants.?’

An increased PVR and PAP and RV failure may have
played an important role in the cause of deaths of our
patients. In prevention of PH crisis in the early postop-
erative period inhaled nitric oxide, intravenous or inhaled
epoprostenol, iloprost, and inotropic support are the
most useful agents and newer emerging methods include:
extracorporeal membrane oxygenation and continuous mon-
itoring of mixed venous saturation (SvO;) through pulmonary
artery catheter.'®'®2* We were not able to perform pul-
monary artery catheterization in all of our patients and
inclusion of the data of these measurements was not pos-
sible in our study although our observations support that
pulmonary artery catheterization is beneficial in detec-
ting pulmonary hypertensive events in the early period. It
has been reported that PAps and CVPs gradually increase
and SvO, decreases before severe pulmonary hypertensive
crises occur.?42>28 Hypoxemia, hypercapnia, metabolic acid-
osis, restlessness, and tracheal suctioning may increase
pulmonary vasoreactivity and thus trigger postoperative pul-
monary hypertensive events. For prevention of these events,
moderate hyperventilation with a high inspired oxygen frac-
tion, sedation, and paralysis have been used in our study.
Inhaled nitric oxide was available in only six patients who
had severe PH crisis in the ICU in our study group.

A decision for a cutoff value for BNP levels was unable
to be established even for noncomplex lesions. In a study
by Koch and his colleagues, 65 patients were evaluated as a
single group of patients undergoing congenital heart surgery
and afterwards a division into two groups depending on their
complexity of their cardiac lesion was made. The difference
between the preoperative BNP and postoperative BNP on
the first day was significantly greater in patients with com-
plex heart defects than in patients with more simple defects
(median 213pgmL~" vs. 453pgmL-", p=0.03). In their
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study, postoperative BNP levels were significantly higher in
patients with univentricular hearts (median 1300 pgmL~").°
Oosterhof and his coworkers showed that in univentricular
heart morphologies with systemic right ventricular dys-
functions, preoperative BNP levels greater than 45 pgmL~"
detect right ventricular insufficiencies with a sensitivity of
78% and a specificity of 84%.2° Mainly, these two studies
provide data for need of further investigation of pre-
operative plasma BNP levels in children with pulmonary
hypertension undergoing congenital heart surgery and our
study provides valuable data that a preoperative plasma BNP
level greater than 125.5pgmL~" detects LCOS which is an
important prognostic risk factor in the early 30-day postop-
erative period with a sensitivity of 88.9 and a specificity of
96.9%. LCOS has been used as a tool to determine outcome
after congenital heart surgeries.'”? An important finding
is that the patients with LCOS showed significantly higher
preoperative BNP values in patients undergoing congenital
heart surgery with CPB. Our observation is similar to a recent
study by Hsu and his colleagues that: (1) LCOS is associ-
ated with poor postoperative outcome, (2) LCOS actually
develops before 48 h after operation, (3) Postoperative BNP
levels do not predict LCOS; however, these values are associ-
ated with LCOS."" A preoperative BNP value or postoperative
2, 4, 12 or 24 h BNP values were reported as independent
biomarkers of postoperative outcome related risk factors
such as ICU stay or prolonged mechanical ventilation.?427-30

A correlation between plasma BNP levels and duration
of mechanical ventilation was shown in previous studies
by Hsu and Shih et al."?3'" The study by Hsu and his co-
workers was mainly on neonates undergoing Norwood or
two-ventricle corrective repair and it supports the valuable
role of BNP in predicting poor postoperative outcome after
congenital surgery with CPB especially in the 24h period
after operation.®' In a recent study Shih and his colleagues
showed that 12-h B-type natriuretic peptide levels were
associated with the duration of mechanical ventilation and
the presence of a LCOS after surgical intervention. In their
study, the cut-off value of 12h B-type natriuretic peptide
level greater than 540 pgmL~" predicted mechanical venti-
lation beyond 48 h with a sensitivity of 88.9% and a specificity
of 82.5%."% In our patient population, a good correlation was
found between preoperative plasma BNP level and duration
of mechanical ventilation (r=0.67, p=0.0001) which is sim-
ilar to the findings of Shih et al. We think the study needs to
be performed on larger group of patients to demonstrate the
importance of plasma BNP values in patients with a diagnosis
of PH undergoing congenital heart surgeries.

There are several limitations of the present study. One
important limitation is the selection of patients into the
study group. We used general echocardiographic diagnos-
tic criteria for measurement of PAps instead of cardiac
catheterization. However, we think the whole group of
patients represents a single group as we evaluated systolic
PAps with systemic MAPs. Our patients presented at an older
age after a period of inadequate medical treatment causing
deterioration of clinical status. In our study group we had
eleven patients (11/51, 21.6%) with preterm birth history
and it has been reported that preterm babies show poorer
postoperative outcomes.>?”” We did not have a transtho-
racic echocardiography in our clinic and pulmonary artery
catheterization was not performed in these sicker children.

During completion of this study inhaled nitric oxide was not
available to all patients and other newer agents such as
intravenous or inhaled epoprostenol, iloprost were not used
to prevent PH crisis during or after surgery.

In conclusion, the preoperative plasma BNP level accu-
rately predicts postoperative LCOS which is an important
prognostic risk factor for determination of early 30-day post-
operative outcome and 91% of patients with preoperative
plasma BNP levels above 125.5pgmL~" are at high risk of
developing LCOS in children undergoing congenital heart
surgery with CPB.

Funding

This study was supported solely by the Dr. Kartal Kosuyolu
Training and Research Hospital, Kartal, Istanbul, Turkey.

Authorship

Ayse Baysal contributed toward the collection of data, study
design, statistics and preparation of manuscript text. Ahmet
Sasmazel contributed towards the collection of data, study
design and statistics. Ayse Yildirim contributed towards the
collection of echocardiographic data. Buket Ozyaprak con-
tributed towards the collection of data during surgery; Narin
Gundogus contributed towards the collection of data in
intensive care unit and Tuncer Kocak contributed towards
the study design.

Conflicts of interest

The authors declare no conflicts of interest.

References

1. Haddad F, Doyle R, Murphy DJ, et al. Right ventricular func-
tion in cardiovascular disease, part Il: pathophysiology, clinical
importance, and management of right ventricular failure. Cir-
culation. 2008;117:1717-31.

2. Ohuchi H, Takasugi H, Ohashi H, et al. Stratification of pedi-
atric heart failure on the basis of neurohormonal and cardiac
autonomic nervous activities in patients with congenital heart
disease. Circulation. 2003;108:2368-76.

3. Law YM, Keller BB, Feingold BM, et al. Usefulness of plasma B-
type natriuretic peptide to identify ventricular dysfunction in
pediatric and adult patients with congenital heart disease. Am
J Cardiol. 2005;95:474-8.

4, Westerlind A, Wahlander H, Lindstedt G, et al. Clinical signs of
heart failure are associated with increased levels of natriuretic
peptide types B and A in children with congenital heart defects
or cardiomyopathy. Acta Paediatr. 2004;93:340-5.

5. Suda K, Matsumura M, Matsumoto M. Clinical implication of
plasma natriuretic peptides in children with ventricular septal
defect. Pediatr Int. 2003;45:249-54.

6. Paul MA, Backer CL, Binns HJ, et al. B-type natriuretic peptide
and heart failure in patients with ventricular septal defect: a
pilot study. Pediatr Cardiol. 2009;30:1094-7.

7. Mir TS, Falkenberg J, Friedrich B, et al. Levels of brain natri-
uretic peptide in children with right ventricular overload due
to congenital heart disease. Cardiol Young. 2005;15:396-401.

8. Mir TS, Haun C, Lilje C, et al. Utility of N-terminal brain natri-
uretic peptide plasma concentrations in comparison to lactate


http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0005
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0010
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0015
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0020
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0025
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0030
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0035
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040

334

A. Baysal et al.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

and troponin in children with congenital heart disease following
open-heart surgery. Pediatr Cardiol. 2006;27:209-16.

. Gessler P, Knirsch W, Schmitt B, et al. Prognostic value of

plasma N-terminal pro-brain natriuretic peptide in children with
congenital heart defects and open-heart surgery. J Pediatr.
2006;148:372-6.

Koch A, Kitzsteiner T, Zink S, et al. Impact of cardiac surgery
on plasma levels of B-type natriuretic peptide in children with
congenital heart disease. Int J Cardiol. 2007;114:339-44.

Hsu JH, Oishi PE, Keller RL, et al. Perioperative B-type
natriuretic peptide levels predict outcome after bidirectional
cavopulmonary anastamosis and total cavopulmonary connec-
tion. J Thorac Cardiovasc Surg. 2008;135:746-53.

Shih CY, Sapru A, Oishi P, et al. Alterations in plasma B-
type natriuretic peptide levels after repair of congenital heart
defects: a potential perioperative marker. J Thorac Cardiovasc
Surg. 2006;131:632-8.

Hoffman TM, Wernovsky G, Atz AM, et al. Efficacy and safety of
milrinone in preventing low cardiac output syndrome in infants
and children after corrective surgery for congenital heart dis-
ease. Circulation. 2003;107:996-1002.

Vogt W, Laer S. Prevention for pediatric low cardiac output
syndrome: results from the European survey EuLoCOS-Paed.
Paediatr Anaesth. 2011;21:1176-84.

Auerbach SR, Richmond ME, Lamour JM, et al. BNP levels predict
outcome in pediatric heart failure patients: post hoc analysis of
the Pediatric Carvedilol Trial. Circ Heart Fail. 2010;3:606-11.
Toyono M, Harada K, Tamura M, et al. Paradoxical relationship
between B-type natriuretic peptide and pulmonary vascu-
lar resistance in patients with ventricular septal defect and
concomitant severe pulmonary hypertension. Pediatr Cardiol.
2008;29:65-9.

Koestenberger M, Nagel B, Avian A, et al. Systolic right ven-
tricular function in children and young adults with pulmonary
artery hypertension secondary to congenital heart disease and
tetralogy of Fallot: tricuspid annular plane systolic excursion
(TAPSE) and magnetic resonance imaging data. Congenit Heart
Dis. 2012;7:250-8.

Landzberg MJ. Congenital heart disease associated pulmonary
arterial hypertension. Clin Chest Med. 2007;28:243-53.

Cerda J. Oliguria: an earlier and accurate biomarker of acute
kidney injury? Kidney Int. 2011;80:699-701.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

McEwan A. In: Coté CJ, Lerman J, Todres D, editors. Anesthesia
techniques for cardiac surgical procedures. A practice of anes-
thesia for infants and children. 4th ed. Philadelphia: Saunders
Elsevier; 2009. p. 331-59.

Falkner B, Daniels SR. Summary of the fourth report on the
diagnosis evaluation, and treatment of high blood pressure in
children and adolescents. Hypertension. 2004;44:387-8.

Shi S, Zhao Z, Liu X, et al. Perioperative risk factors for
prolonged mechanical ventilation following cardiac surgery in
neonates and young infants. Chest. 2008;134:768-74.
Pagowska-Klimek I, Pychynska-Pokorska M, Krajewski W, et al.
Predictors of long intensive care unit stay following car-
diac surgery in children. Eur J Cardiothorac Surg. 2011;40:
179-84.

Lindberg L, Olsson AK, Jogi P, et al. How common is severe pul-
monary hypertension after pediatric cardiac surgery? J Thorac
Cardiovasc Surg. 2002;123:1155-63.

Bando K, Turrentine MW, Sharp TG, et al. Pulmonary hyper-
tension after operations for congenital heart disease: analysis
of risk factors and management. Thorac Cardiovasc Surg.
1996;112:1600-7.

Pasquali SK, Li JS, Burstein DS, et al. Association of center vol-
ume with mortality and complications in pediatric heart surgery.
Pediatrics. 2012;129:e370-6.

Malik S, Cleves MA, Zhao W, et al. National Birth Defects Pre-
vention Study Association between congenital heart defects and
small for gestational age. Pediatrics. 2007;119:€976-82.

Zhu W-H, Zhu X-K, Shu Q. Postoperative hemodynamics of chil-
dren with severe pulmonary hypertension caused by congenital
heart disease. World J Pediatr. 2006;1:45-8.

Oosterhof T, Tulevski Il, Vliegen HW, et al. Effects of vol-
ume and/or pressure overload secondary to congenital heart
disease (tetralogy of fallot or pulmonary stenosis) on right
ventricular function using cardiovascular magnetic resonance
and B-type natriuretic peptide levels. Am J Cardiol. 2006;97:
1051-5.

Tissiéres P, da Cruz E, Habre W, et al. Value of brain natriuretic
peptide in the perioperative follow-up of children with valvular
disease. Intensive Care Med. 2008;34:1109-13.

Hsu JH, Keller RL, Chikovani O, et al. B-type natriuretic peptide
levels predict outcome after neonatal cardiac surgery. J Thorac
Cardiovasc Surg. 2007;134:939-45.


http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0040
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0045
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0050
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0055
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0060
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0065
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0070
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0075
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0080
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0085
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0090
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0090
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0090
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0090
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0090
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0090
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0090
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0090
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0090
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0090
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0090
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0090
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0090
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0090
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0090
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0090
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0090
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0095
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0100
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0105
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0110
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0115
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0120
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0125
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0130
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0135
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0155
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0140
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0145
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150
http://refhub.elsevier.com/S0104-0014(13)00207-8/sbref0150

	The predictive value of plasma B-type natriuretic peptide levels on outcome in children with pulmonary hypertension underg...
	Introduction
	Methods
	Patients
	Primary and secondary end points
	Intraoperative anesthetic management
	Cardiopulmonary bypass protocol
	Perioperative and postoperative care
	Perioperative measurements
	Statistical analysis

	Results
	Patient data
	Outcome measures

	Discussion
	Funding
	Authorship
	Conflicts of interest
	References


