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Abstract

The effect of different methods of perinatal
management for patent ductus arteriosus (PDA)
occurrence is unknown. Therefore, we compared
methods of perinatal management and PDA incidence
in preterm infants before and after the introduction
of early aggressive nutrition (EAN) in our institution.
Infants (gestational age < 34 weeks) who were
admitted as inpatients between 2006 and 2008 (no
EAN, period A) and between 2012 and 2014 (EAN,
period B) were assessed. Maternal and neonatal
factors affecting PDA incidence were investigated.
Compared to period A, infant immaturity was more
severe and the PDA incidence was higher in period

B. More severe immaturity and a higher rate of

concomitant respiratory distress syndrome (RDS)
were noted in infants who developed PDA, both
in periods A and B. Multiple logistic regression
analysis showed that PDA onset was associated
with the presence or absence of RDS, gestational
age, and echocardiographic indicators immediately
after birth. Despite changes in our institution s
perinatal management, the incidence of PDA was
unaffected, with infant immaturity being the most
important PDA risk factor. Our results indicate
that echocardiographic indicators immediately after
birth could be used to predict PDA onset in preterm
infants with a low gestational age and RDS.

Key words : patent ductus arteriosus, serum osmolalty,
respiratory distress synarome, left atriumyaortic root ratio,
left pulmonary artery mean diastolic velocity/peak systolic velocity ratio

I. Introduction
In Japan, the methods used for perinatal
management changed significantly during
the late 2000s, including the introduction of

insurance coverage for magnesium sulfate
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(MgS04) " and steroid ? administration in
mothers expected to give birth preterm;
changes in target value of oxygen saturation
(SpOz2) and blood pressure in preterm

infants **; and introduction of early aggressive
nutrition (EAN) for the purpose of improving
neurological prognosis *?. Ductus arteriosus

function and structure are immature in
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preterm infants, and the hemodynamically
significant patent ductus arteriosus (PDA)
tends to develop in these patients .
Cyclooxygenase (COX) inhibitors are used
to treat patients with PDA, but surgical
ligation is required if they are resistant to
COX inhibitors. Various risk factors for PDA

-12
$12 as well

and COX inhibitor resistance
as a link between high serum osmolality
and PDA have been reported in preterm
infants . However, the impact of changes in
perinatal management and echocardiography
immediately after birth on significant PDA
remains unknown. Echocardiography is
noninvasive and useful for the diagnosis of
PDA onset, but there are no established
echocardiographic indices to predict the onset
of PDA from the early postnatal period in
preterm infants.

The present study investigated the
relationship between changes in maternal
and neonatal management at our hospital,
along with PDA onset, as well as the role of
echocardiography in the prediction of PDA onset.

II. Materials and Methods

1. Subjects

We selected preterm infants born before
34 weeks of gestation who were inpatients at
our neonatal intensive care unit (NICU) before
our hospital introduced EAN (2006 to 2008,
period A) and after our hospital introduced
EAN (2012 to 2014, period B). In period B, we
conducted intravenous nutrition with 0.5 to 2.5
g/kg /day of amino acid preparation, glucose
of caloric nitrogen ratio > 300 to 400, and fat
preparation of 0.5 to 1.5 g/ kg/ day. Infants
with congenital or chromosomal abnormalities,
who died within 24 hours of birth, or who

Table 1. Maternal factors

Age

. Multiple births

. Hypertensive disorder of pregnancy
. Gestational diabetes mellitus

. Chorioamnionitis

. Ritodrine hydrochloride

. Magnesium sulfate

00 NS U W N

. Antenatal steroids

were born outside our hospital were excluded
from this study. This study was conducted
after obtaining the approval of the Iwate
Medical University ethics committee (H28-198).
2. Criteria for PDA treatment intervention
The criteria for PDA treatment were
as follows: 1) there were two or more
echocardiography findings from among (a)
pulmonary arterial-side ductus arteriosus
diameter > 1.5 mm ", (b) left atrium/
aortic root ratio (LA/Ao) > 15", (c) left
pulmonary artery mean diastolic velocity/
peak systolic velocity ratio (LPA d/s) >
0.3 ' and (d) M-shaped or pulsatile PDA flow
pattern ' 2) one or more echocardiography
findings were fulfilled, with a cardiovascular
dysfunction score of 3 points or higher '”;
and 3) the above criteria were not met but
echocardiography findings revealed a trend to
exacerbation, and PDA onset was predicted.
LPA d/s was only used for infants in period B.
3. PDA and non-PDA groups
Patients who fulfilled the treatment
intervention criteria by 168 hours after
birth and received COX-inhibitor therapy
were included in the PDA group. All other
patients were included in the non-PDA group.
Indomethacin was the COX inhibitor used in
all patients.
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Table 2. Neonatal factors

1. Gestational age

2. Birth weight

3. Sex

4. Cesarean delivery

5. Apgar score at 1/5 min
6. Small for gestational age
7. Death

8. Congenital infection

9. Heart rate

10. Mean blood pressure
11. Pulse pressure

12. SpO:2

13. FiO:

14. Mechanical ventilation
15. Respiratory distress syndrome
16. Nitric oxide

17. Catecholamine

18. Diuretics

19. Bicarbonate

20. Total water quantity

21. Serum osmolality

22. Serum sodium

23. Serum potassium

24. Glucose

25. Blood urea nitrogen

26. Serum magnesium

27. Cardiothoracic ratio

28. Glucose insulin therapy

29. Amino acids

30. Glucose infusion rate

31. Lipids

32. Initiation of PDA treatment

33. Age at medical closure of PDA
34. Age at surgical ligation of PDA
35. Diameter of the ductus arteriosus
36. LA/Ao

37. LPA d/s

PDA, patent ductus arteriosus; LA/Ao, left atrium/aortic root ratio;
LPA d/s, left pulmonary artery mean diastolic velocity/peak systolic velocity ratio

4. Maternal and neonatal factors
(Tables 1 and 2)

Maternal factors comprised 8 items
including age, pregnancy complications,
and drug therapy. A total of 37 items were
extracted as neonatal factors, including
perinatal period information, complications,
vital signs until postnatal day 4, blood
biochemistry findings, drug therapy, and
echocardiography findings. Serum osmolality
was calculated using the formula [blood
osmolality = 2 (Na” + K') + blood glucose
level/1.8 + blood urea nitrogen/2.8]".
Congenital infection was defined as IgM > 20
mg/dL at birth or a culture-positive aseptic
site.

5. Statistical analysis

Maternal and neonatal factors were

compared in preterm infants with a

gestational age below 34 weeks in periods A
and B. Maternal and neonatal factors were
then compared between the PDA and non-
PDA groups for each period.

Continuous data were compared using the
Mann-Whitney U-test and discrete data were
compared using the chi-squared test. Values
are presented as median (interquartile range)
or numbers (percentages). An analysis of PDA
risk factors was performed using multiple
logistic regression analysis, with the presence
or absence of PDA as a dependent variable
and study periods and maternal/neonatal
factors (including use of EAN) as independent
variables. LPA d/s was used only in period
B. Factors with multicollinearity (birth
weight, Apgar score at 5 min, and mechanical
ventilation) were excluded. As the time to
PDA onset differed among patients, the
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Period A
n=318

Period B

43 infants excluded

(DCongenital anomaly
(n=20)

@Death within the first
24 hours after birth

n=211

26 infants excluded

(DCongenital anomaly
(n=13)

@Death within the first
24 hours after birth

(n=3) (n=2)
®0Outside-hospital ®O0utside-hospital
birth (n=20) birth (n=11)
275 185
infants infants
enrolled enrolled
PDA(-) PDA(-)
n=184 n=93
PDA (+) PDA (+)
n=91 n=92
«COX inhibitor +COX inhibitor
Surgical| |PDA(-) Surgical| |PDA(-)
n=5 n=86 n=88

Fig. 1. Study cohort

PDA, patent ductus arteriosus; COX, cyclooxygenase

analysis of PDA risk factors was performed
using only values measured before treatment
immediately after birth for the following
independent variables: vital signs, blood
biochemistry findings, total water quantity,
glucose infusion rate, echocardiography
findings, and drug therapy.

PDA prediction ability was calculated as the
area under the curve (AUC) after factors that
were revealed by multiple logistic regression
analysis were adjusted based on gestational
age, birth weight, and small-for-gestational-age
(SGA) status. In order to validate our PDA
prediction models, of the 460 patients identified
in both periods A and B, we randomly selected
two thirds 309 of these patients for the

derivation cohort; the remaining one third 151
were used for our internal validation cohort.
Since LPA d/s was only used for 185 infants
in period B, we randomly selected two thirds
121 of these patients for the derivation cohort;
the remaining one third 64 were used for our
internal validation cohort. Statistical analysis
was performed using SPSS (ver. 23. IBM,
Tokyo, Japan) and JMP® 14 (SAS Institute
Inc., Cary, NC, USA), and the significance level
was set at p < 0.05 (two-tailed test).

III. Results
1. Study cohort (Fig. 1)
Among 318 inpatients born before 34
weeks of gestation during period A, 275 were
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<34 weeks of gestational age

Period A (n = 275) Period B (n = 185) p-value
Gestational age, weeks 299 (27.0-32.0) 286 (26.6-31.1) 0.002
Birth weight, g 1212 (848-1549) 1076 (766-1394) 0.006
Apgar score at 1 min 6 (4-8) 4 (3-6) <0.001
Apgar score at 5 min 8 (7-9) 7 (6-8) <0.001
Female 135 (49.1%) 75 (40.5%) 0.071
Cesarean delivery 261 (94.9%) 176 (95.1%) 0913
Congenital infection 18 (6.5%) 26 (14.1%) 0.007
Mechanical ventilation 211 (76.7%) 144 (77.8%) 0.781
Respiratory distress syndrome 173 (62.9%) 3 (66.5%) 0432
Death 3 (4.7%) 6 (3.2%) 0433
Maternal age, years 30 (27-34) 2 (28-36) 0.077
Multiple births 81 (29.5%) 44 (23.8%) 0.180
Hypertensive disorder of pregnancy 42 (15.3%) 32 (17.3%) 0.562
Gestational diabetes mellitus 5 (1.8%) 4 (2.2%) 0523
Chorioamnionitis 83 (30.2%) 71 (38.4%) 0.068
Ritodrine hydrochloride 216 (78.5%) 150 (81.1%) 0.508
Magnesium sulfate 68 (24.7%) 88 (47.6%) <0.001
Antenatal steroids 200 (72.7%) 172 (93.0%) <0.001
PDA 91 (33.1%) 92 (49.7%) <0.001
Initiation of PDA treatment, hours 26 (22-41) 30 (21-41) 0.953
Age at medical closure of PDA, hours 75 (55-95) 66 (45-96) 0.154
Surgical ligation of PDA 5 (1.8%) 12 (6.5%) <0.001

Values are presented as median (interquartile range) or numbers (percentage).

PDA, patent ductus arteriosus

included in the study after the exclusion of
20 patients with congenital anomalies and
chromosomal abnormalities, 3 patients who
died within 24 hours after birth, and 20
patients born outside our hospital. Among
211 inpatients born before 34 weeks of
gestation during period B, 185 were included
in the study after the exclusion of 13 patients
with congenital anomalies and chromosomal
abnormalities, 2 patients who died within 24
hours after birth, and 11 patients born outside
our hospital (Fig. 1).

In period A, 91 patients (33.1%) had PDA
and 5 patients (1.8%) underwent surgical

intervention. In period B, 92 patients (49.7%)
had PDA and 12 patients (6.5%) underwent
surgical intervention (Fig. 1). Significantly
more patients had PDA (p < 0.001), and
significantly more patients in the PDA group
= 0.009)
in period B than in period A. The median

underwent surgical intervention (p

time to therapeutic intervention in the PDA
group was 26 hours (22-41) during period A
and 30 hours (21-41) during period B, with no
significant difference between the two periods.
2. Infant demographics and clinical
parameters in period A and B (Table 3)
Infants in period B had a lower gestational
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parameters of infants in periods A and B

Period A Period B
PDA (+) PDA () PDA (+) PDA () |
(n=91) (n=184) ~ Pvalue (=g (n=93)  P-value
Gestational age, weeks 270 (25.2-29.7) 310 (287-324) <0001 276 (250-289) 30.1 (28.0-32.3) <0.001

Birth weight, g

Apgar score at 1 min 5 (3-6)
Apgar score at 5 min 7 (6-8)
Female 53 (58.2%)
Cesarean delivery 89 (97.8%)
Congenital infection 9 (9.9%)
Mechanical ventilation 88 (96.7%)
Respiratory distress syndrome 82 (90.1%)
Death 0 (11.0%)
Maternal age, years 29 (27-34)
Multiple births 27 (29.7%)
Hypertensive disorder of pregnancy 8 (8.8%)
Gestational diabetes mellitus 1 (1.1%)
Chorioamnionitis 33 (36.3%)
Ritodrine hydrochloride 76 (83.5%)
Magnesium sulfate 21 (23.1%)
Antenatal steroids 78 (85.7%)

868 (679-1226) 1402 (1019-1619) <0.001

980 (690-1172) 1254 (886-1524) <0.001

7 (5-8) <0.001 4 (3-5) 5@3-7) <0.001

8 (7-9) <0.001 7 (6-8) 8 (6-9) <0.001
83 (45.1%) 0.060 36 (39.1%) 40 (43.0%) 0.698
172 (93.5%) 0.103 90 (97.8%) 86 (92.5%) 0.087
9 (4.9%) 0.115 5 (16.3%) 1 (11.8%) 0.381
123 (66.8%)  <0.001 86 (83.5%) 58 (624%)  <0.001
91 (49.5%)  <0.001 77 (83.7%) 46 (495%)  <0.001
3 (1.6%) 0.001 5 (5.4%) 1 (1.1%) 0.103
31 (28-34) 0.253 33 (29-36) 31 (27-34) 0.083
(29 3%) 0.956 26 (28.3%) 8 (19.4%) 0.155

4 (18.5%) 0.036 1 (12.0%) 21 (22.6%) 0.056

4 (2.2%) 0465 2 (2.2%) 2 (2.2%) 0.685

50 (27.2%) 0.122 38 (41.3%) 33 (35.5%) 0416

140 (76.1%) 0.158 80 (87.0%) 70 (75.3%) 0.042
47 (25.5%) 0.656 38 (41.3%) 50 (53.8%) 0.090

122 (66.3%) 0.001 86 (93.5%) 86 (92.5%) 0.789

Values are presented as median (interquartile range)
PDA, patent ductus arteriosus

age (p = 0.002), smaller birth weight (p <
0.01), and lower Apgar score (p < 0.001).
Congenital infections were also more common
during period B (p = 0.007), and magnesium
sulfate (MgSQO,) and steroid therapy were
administered to more mothers of infants in
period B (MgSOu: p < 0.001, steroid: p < 0.001).

Infants in period A had a higher total water
quantity during days 3 and 4 after birth (p =
0.038 and 0.009, respectively), and more infants
in period A received catecholamine therapy
(p < 0.001), while infants in period B received
a higher glucose infusion rate on days 2-4
after birth (p = 0.003, < 0.001, and < 0.001,
respectively). The mean blood pressure, SpO,,
and FiO, were higher in period A (p < 0.001)
and blood glucose levels were higher in period

or numbers (percentage).

B (p < 0.001), but all were within normal
limits. Serum osmolality was high on days 2-4
after birth among infants in period B (p < 0.001,
< 0.001, and = 0.001, respectively).

3. Demographics of infants with and

without PDA in periods A and B (Table
4)

In both periods A and B, infants in the PDA
group had a lower gestational age, smaller
birth weight, and lower Apgar score compared
to infants in the non-PDA group (gestational
age: p < 0.001, birth weight: p < 0.001, Apgar
score: p < 0.001, in A and B, respectively). In
period B, ritodrine hydrochloride therapy was
more common among infants with PDA (p =
0.042) (Table 4).

During both periods A and B, a higher
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Odds ratio (95%CI)  p-value

RDS R — 2.689(1.418-5.097) 0.002

LA/Ao Day1 1.172(1.043-1.318) 0.008

GA + 0.749(0.676-0.829) -0.001
0.1 1.0 10.0

Fig. 2. Multiple logistic regression analysis of RDS,
GA and LA/Ao on day 1
RDS, respiratory distress syndrome; GA,
gestational age; CI, confidence interval; LA/
Ao, left atrium/aortic root ratio

proportion of infants in the PDA group
developed respiratory distress syndrome
(RDS) (p < 0.001), and the use of mechanical
ventilation was more common (p < 0.001).
During periods A and B, LA/Ao on days 2
and 3 after birth was larger in the PDA group
(LA/Ao on day 2: p < 0.001, LA/Ao on day
3:p <0001, in A and B, respectively). During
period B, LPA d/s on days 2 and 3 after
birth was larger in the PDA group (p = 0.001
and 0.006, respectively). Blood glucose levels
were high on days 2-4 after birth in the PDA
group during period A (p = 0.030, 0.020, and
< 0.001, respectively), and high on days 2 and

4 after birth in the PDA group during period
B (p = 0.009 and 0.001, respectively). Serum
osmolality was high on days 2-4 after birth
in the PDA group during both periods A (p =
0.001, 0.001, and <0.001, respectively) and B (p
= 0.008, 0.034, and 0.003, respectively).

4. Multiple logistic regression analysis

(Fig. 2)

Only significant factors were noted in the
multiple logistic regression analysis. Multiple
logistic regression analysis revealed that the
presence or absence of RDS, gestational age,
and LA/Ao immediately after birth were
associated with PDA. During period B, LPA
d/s immediately after birth were associated
with PDA (p = 0.035, Odds ratio 1.043, 95% CI
1.003-1.084). Study period, blood glucose level,
serum osmolality, and use of EAN were not
associated with PDA (Fig. 2).

5. Recelver operating characteristic curve

and model validation (Fig. 3)

In the derivation set, AUC were 0.764 and
0.821 for the gestational age and LA/Ao,
respectively. When the gestational age and
LA/Ao were applied to the internal validation

A B C
GA LA/Ao Day1 LPA d/s Day1
1.00 1.00+ 1.00
0.90 0.90- 0.90
0.80 0.80- 0.80
0.70 / 0.70- 0.70
0.60 0.60- 0.60
Sensitivity 0.50 Sensitivity 0.504 Sensitivity 0.50
0.40 0.40- 0.40
0.30 0.30- 0.30
0.20 0.20{ 0.20
0.10 0.10- 0.10
0.00 0.00 0.00
000 020 040 0.60 0.80 1.00 0.50 020 040 060 080 1.00 000 020 040 0.60 0.80 1.00
1-Specificity 1-Specificity 1-Specificity

Fig. 3-A. Receiver operating characteristic curve of GA
B. Receiver operating characteristic curve of LA/Ao on dayl
C. Receiver operating characteristic curve of Period B's LPA d/s on dayl
GA, gestational age; LA/Ao, left atrium/aortic root ratio; LPA d/s, left pulmonary artery
mean diastolic velocity/peak systolic velocity ratio



208 Shigekuni TsucHiva, et al.

set, AUC were 0.763 and 0.816, respectively.
Similarly, in the derivation set in period B,
AUC was 0.746 for LPA d/s. When LPA d/s
was applied to the internal validation set, AUC
was 0.829.

IV. Discussion

Preterm infants in period B had a lower
gestational age, smaller birth weight, and
lower Apgar score compared to those in
period A, showing that more infants with
more severe immaturity were admitted to our
NICU during period B than during period A.
Congenital infections were also more common
in period B, and infants with PDA requiring
COX-inhibitor therapy or surgical intervention
were more common during period B. The
increase in infants with PDA requiring these
treatments is consistent with the results
of a national survey of infants born with a
birth weight under 1,500 g between 2003 and
2008 .

Steroid therapy and MgSO, therapy for
mothers expected to deliver preterm were
included under Japan's national health
Insurance after a report that prenatal steroid
therapy reduced the incidence of RDS,
intraventricular hemorrhage, necrotizing

19
) and a report

enterocolitis, and mortality
that increased blood Mg concentration
suppressed uterine contraction *, among other
reports. Some reports suggest that prenatal
steroid therapy reduces PDA incidence by
inhibiting postnatal prostaglandin synthesis
and reducing prostaglandin E, sensitivity in
the muscular layer of the ductus arteriosus “*.
However, PDA incidence was higher during
period B despite the blanket use of prenatal

steroid therapy, and multivariate analysis also

found no relationship between PDA onset
and prenatal steroid therapy. Toyoshima
et al. reported that MgSO, administered to
rat embryos suppressed the constriction of
the ductus arteriosus by increasing MgSO,
concentration and enhancing antagonistic
action against Ca*" in postnatal pups *. In
the present study, although MgSO, was
administered to more mothers during period B,
infants born of mothers that received MgSO,
did not always have a high Mg concentration
(data not shown), and multivariate analysis
also found no relationship between MgSO,
therapy and PDA onset.

Postnatal SpO, tended to be lower during
period B. This was due to a change to the
target SpO, level that was expected to prevent
the onset of retinopathy of prematurity,
chronic lung disease, and necrotizing
enterocolitis, and to reduce mortality * *°.
Multivariate analysis did not reveal a
relationship between SpO, and PDA onset,
but based on the significantly higher FiO,
in the PDA group, we deduced that severe
respiratory disease has a more important
influence in making infants susceptible to
PDA onset compared to the need for a high
concentration of oxygen.

A recent report noted that reduced
postnatal serum osmolality stimulates
ductus arteriosus constriction in rats, and
that the risk of PDA onset is probably
increased in human preterm infants with
a gestational age under 28 weeks, because
serum osmolality does not tend to decrease
in these infants ', Additionally, it has been
reported that intravenously administering
high concentrations of glucose, amino acids,

and fat formulations improves the neurological
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prognosis of preterm infants.

In the present study, serum osmolality was
compared before and after the introduction
of EAN. At our hospital, EAN of high-
concentration glucose and amino acids was
introduced with the presumption that it would

52D Results showed

Increase serum osmolality
that serum osmolality was significantly higher
during period B after the introduction of
EAN. Although high serum osmolality was
observed in the PDA group during periods
A and B, multiple logistic regression analysis
did not demonstrate a relationship between
PDA onset and high serum osmolality and
EAN. Similarly, blood glucose levels were
high in period B but within normal limits,
and there was no relationship between blood
glucose levels and PDA onset. The findings
that immaturity was more severe in preterm
Inpatient infants during period B and that the
presence and absence of RDS and gestational
age were associated with PDA suggest that
infant immaturity was a stronger influence
on PDA onset than the intervention in the
mother or infant.

At present, there are no established
objective factors to predict PDA onset from
the early postnatal period. Pereira et al.
reported that gestational age was the only
predictive factor of PDA onset in the early
postnatal period in preterm infants with a
gestational age under 29 weeks, and that
PDA onset could not be predicted from
echocardiographic findings *. Opinions vary
on this subject, with Lee et al. reporting
that echocardiography in the early postnatal
period increased the rate of PDA diagnosis
but did not lead to an improved survival

)

rate ?, and Polat et al. reporting that ductus

arteriosus length and morphology were useful
for predicting cases of PDA that required
treatment *”. Multiple logistic regression
analysis and AUC findings from the present
study indicate that PDA onset may be
predicted by echocardiography immediately
after birth. Compared to the report of
Toyoshima et al®”, in which AUC of LA/Ao
was 0919, AUC of LA/Ao immediately after
birth in our study (0.757) was lower. However,
their study used the LA/Ao just before PDA
ligation, which was different from our study.
AUC for the LPA d/s immediately after birth
was comparable with those for gestational
age and LA/Ao. To our knowledge, this is
the first study to predict PDA in preterm
infants using LPA d/s. We assume that in
severely immature infants, from immediately
after birth, LA/Ao and LPA d/s are sensitive
indicators of volume overload from left-to-right
shunt through the ductus arteriosus. However,
different medical institutions have different
echocardiography criteria for PDA treatment
Intervention, and echocardiography indicators
are prone to interobserver variability. In the
future, it will be important to standardize the
techniques and establish echocardiography
indicators that are not susceptible to
Interobserver variability.

One limitation of this study was its
retrospective single-center design. Moreover,
although the proportion of patients with PDA
onset who underwent surgical intervention
in this study was similar to those in other

) it was insufficient for an analysis

reports 18
of factors associated with COX-inhibitor
resistance. A prospective study at multiple
study sites is needed to evaluate the effect

of different methods of preterm infant
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management on PDA onset, COX-inhibitor
resistance, and long-term prognosis.

In conclusion, this study compared two
periods of different treatment strategies
and showed that preterm infant immaturity,
illness severity, and increased PDA incidence
were greater during the second period. The
study also showed a substantial difference in
vital signs and blood biochemistry findings
between the two periods, although it found
no association between these findings and

PDA onset. With regard to predictive factors
for PDA, we suggest that PDA onset can be
predicted from immediately after birth by
combining echocardiography findings with

findings indicative of immaturity.

Conflicts of interest: The authors have no conflict
of interest to declare.
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