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Abstract

Aim: To investigate the direct effect of prophylactic low-dose paracetamol adminis-
tration for ductal closure on neurodevelopmental outcome in very preterm infants
who did not receive ibuprofen or surgical ligation for treatment of a patent ductus
arteriosus.

Methods: Infants <32 gestational weeks born 10/2014-12/2018 received prophy-
lactic paracetamol (paracetamol group, n=216); infants born 02/2011-09/2014 did
not receive prophylactic paracetamol (control group, n=129). Psychomotor (PDI) and
mental (MDI) outcome were assessed using Bayley Scales of Infant Development at
12 and 24 months corrected age.

Results: Our analyses showed significant differences in PDl and MDI at age 12 months
(B=7.8 (95% Cl 3.90-11.63), p<0.001 and B=4.2 (95% Cl 0.81-7.63), p=0.016). At
age 12months, the rate of psychomotor delay was lower in the paracetamol group
(OR 2.22, 95% CI 1.28-3.94, p=0.004). There was no significant difference be-
tween the rates of mental delay at any time-point. All group differences remained
significant after adjustment for potential confounders (PDI 12 months B=7.8 (95% Cl
3.77-11.34), p<0.001, MDI 12months B=4.3 (95% CI 0.79-7.45), p=0.013, PDI <85
12 months OR 2.65 (95% Cl 1.44-4.87), p=0.002).

Conclusion: We found no impairment of psychomotor and mental outcome at age
12 and 24 months in very preterm infants after prophylactic low-dose paracetamol

administration.

KEYWORDS
neurodevelopmental outcome, patent ductus arteriosus, preterm infants, prophylactic
paracetamol
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1 | INTRODUCTION

Patent ductus arteriosus (PDA) is the most commonly diagnosed
cardiovascular condition in preterm infants. PDA is associated with
increased mortality and an increased incidence of short- and long-
term morbidities such as chronic lung disease, intraventricular haem-
orrhage, necrotising enterocolitis or neurodevelopmental delay.! It
is known that nonselective cyclooxygenase inhibitors (indomethacin
and ibuprofen), that are conventionally used to induce ductal clo-
sure, may have multiple adverse effects.? Therefore, paracetamol
has been propagated as an alternative drug with potentially fewer
side effects.® At present, several studies provide evidence that
the administration of low-dose prophylactic paracetamol is effec-
tive in terms of a lower rate of hemodynamically significant PDA.
Relevant short-term adverse effects have not been observed so
far.*? However, information on long-term outcome of large cohorts
of preterm infants exposed to paracetamol with the attempt to en-
dorse early closure of the ductus arteriosus is lacking. Unfortunately,
this is a matter of urgency since there are several reports linking
paracetamol exposure during pregnancy or in the neonatal period
with adverse outcomes including autism spectrum disorder, atten-
tion deficit hyperactivity disorder, lower IQ and language delay.lo’20

In two previous studies, we found neither an adverse effect on
amplitude-integrated electroencephalography signals during the
neonatal period nor an impairment of microstructural maturation
processes in the brain of very preterm infants (born at <32 gesta-
tional weeks) at term-equivalent age following prophylactic low-
dose paracetamol administration to induce ductal closure.?1:22

The aim of the current study was to investigate the direct effect
of prophylactic low-dose paracetamol for closure of the ductus ar-
teriosus, not mediated by subsequent medical or surgical treatment
of a persistent ductus arteriosus, on neurodevelopmental outcomes
at 12 and 24months corrected age among very preterm infants
who were treated and followed up at Innsbruck Medical University
Hospital.

2 | MATERIALS AND METHODS
2.1 | Study design and population

This retrospective follow-up analysis of prospectively collected data
was conducted at Innsbruck Medical University Hospital, which is
the only neonatal intensive care unit in the geographical area (Tyrol,
Austria). Very preterm infants, admitted to the neonatal intensive
care unit of the Innsbruck Medical University Hospital between
1st January 2011 and 31st December 2018, were eligible for the
study. Exclusion criteria were gestational age>32weeks at birth,
death, major congenital anomaly or congenital infection and being
non-resident. The group of non-residents comprises infants from
families who do not live in Tyrol, mainly tourists. These infants are
transferred to a hospital in their native country as soon as possible.
Naturally, these infants do not receive follow-up in our outpatient

Key notes

e There exist conflicting data on potential negative ef-
fects of pre- and postnatal paracetamol exposure on
neurobehavioral and cognitive outcomes.

e We investigated the effect of prophylactic low-dose
paracetamol administration for ductal closure on neu-
rodevelopmental outcome in a large cohort of very pre-
term infants.

e We did not observe any negative effect of prophylactic
low-dose paracetamol administration on neurodevelop-

mental outcome until a corrected age of 24 months.

unit. Infants lost to follow-up (neither Bayley testing at 12 nor at
24 months corrected age) were not included in the final analysis.
Furthermore, all preterm infants treated with ibuprofen and/or sur-
gical ligation of the ductus were excluded from final analyses to in-
vestigate the specific effect of prophylactic low-dose paracetamol

administration.

2.2 | Patient characteristics

Maternal and neonatal data were collected during the initial hospital
stay including gestational age (completed weeks), birth weight (g),
small for gestational age (defined as <10th centile for gestational age
and sex using23), male sex, 5min Apgar score <7, multiple birth, ma-
ternal age < 23years, antenatal steroid use (defined as at least one
dose of intramuscular betamethasone at least 24 h prior to delivery),
caesarean section, rupture of membranes >24h before birth, early
(<72h) and late (>72h) onset sepsis (defined as clinical signs of gen-
eralised infection and antibiotic therapy for >5days), surfactant use,
invasive ventilation, duration of continuous positive airway pressure
(CPAP) respiratory support (days), chronic lung disease (defined as
need for supplemental oxygen at day 28), achievement of full enteral
feeding (days), necrotising enterocolitis?* and retinopathy of prema-
turity grade 3 or 4. Brain injury was diagnosed by MRI and classified
according to the method of Kidokoro et al?® Kidokoro's current brain
injury assessment covers three common injury patterns in preterm
infants: intraventricular haemorrhage, white matter disease and cer-
ebellar haemorrhage. All injury types are graded as grade 1 to grade
4 according to the degree of severity. High-grade injury (grade 3 or

4)in any category is defined as severe injury.

2.3 | Paracetamol administration

Prophylactic low-dose paracetamol administration was intro-
duced into clinical practice in October 2014 for all preterm infants
born at less than 32 gestational weeks. Therefore, infants born
until September 2014 formed the control group and received no
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preventive therapy and those born after September 2014 formed
the paracetamol group and received intravenous paracetamol every
8h (10mg/kg birthweight?®) started within the first 24 h without ref-
erence to the state of the ductus until ultrasound examination (after
a minimum age of 72h).

Paracetamol was routinely used during ophthalmologic exam-
inations (in a dosage of 20mg/kg orally) or as an analgesic drug in
case of surgeries or other painful conditions. Every paracetamol ad-
ministration in the control group and every additional administration
after completing the course of prophylactic low-dose paracetamol in
the paracetamol group was summed up under the term “additional
paracetamol”.

2.4 | Neurodevelopmental outcome

Follow-up visits at a corrected age of 12 and 24 months are part of
our routine follow-up programme for all infants born at less than 32
gestational weeks. The follow-up visits include the quantitative as-
sessment of motor and cognitive outcome by the use of Bayley Scales
of Infant and Toddler Development. For infants born between June
2010 and December 2013 Bayley Scales of Infant Development,
second edition (Bayley-ll), and for infants born from January 2014
the Bayley Scales of Infant and Toddler Development, third edition
(Bayley-1ll), were used.?” For Bayley-ll, the only norms available
were used (US norms). For Bayley-Ill, German norms were used.?®
The Bayley-Il assesses psychomotor (PDI) and mental (MDI) devel-
opmental indices. To assess motor and mental outcome, Bayley-ll|
evaluates motor, cognitive and language scales. We used the mean
between the cognitive and language scale and equalised it with the
former MDI as applied before.?” The mean score is 100, a delayed

neurodevelopmental outcome was defined as a score of <85.

2.5 | Statistical analyses

Continuous data are presented as median (IQR), and categorical data
are summarised as numbers (frequencies; %). The Mann-Whitney
U-test and the ;(2 test or Fisher's exact test were used to compare
patient characteristics between the control group and the paraceta-
mol group.

To assess the effect of paracetamol on neurodevelopmental out-
come, linear regression analyses for continuous outcome variables
and logistic regression analyses for binary outcome variables were
conducted. In both, linear regression and logistic regression, Model
1 was adjusted for variables considered as potential confounders
(gestational age at birth, small for gestational age, male sex, 5min
Apgar <7, multiple birth, maternal age <23years, antenatal steroid
use, caesarean section, and early onset sepsis). Model 2 was per-
formed to assess the impact of variables with statistically significant
differences in clinical characteristics of the study participants in the
control group and the paracetamol group (gestational age, invasive
ventilation, white matter disease, postmenstrual age at discharge).

ACTA PEDIATRICA RYV NI

Additional analyses of an enlarged population including infants
who received medical/surgical treatment of the ductus arteriosus
were performed. Model 1a, adjusted for potential confounders, in-
cluded treatment with ibuprofen and/or surgical ligation, gestational
age at birth, small for gestational age, male sex, 5min Apgar <7, mul-
tiple birth, maternal age <23 years, antenatal steroid use, caesarean
section and early onset sepsis. Model 2a, adjusted for differences
in neonatal characteristics between the two groups, included treat-
ment with ibuprofen and/or surgical ligation, male sex, invasive ven-
tilation, white matter disease and postmenstrual age at discharge.

The level of significance for all statistical tests was set at a p
value of <0.05. Data were analysed using IBM© SPSS© Statistics,
version 25.0 for Windows.

3 | RESULTS
3.1 | Study population

During the study period, there were 541 infants born alive at a ges-
tational age <32weeks. Thereof 249 infants are part of the control
group and 292 infants of the paracetamol group. There were no sig-
nificant differences in the mortality rates (4% (10/259) vs. 3% (9/292),
p=0.556) and the rates of major congenital anomaly or congenital
infection (5% (13/249) vs. 2% (6/292), p=0.08). The control group
included 18 non-residents (7 German, 1 Dutch, 3 Italian, 7 Austrian
from other federal states), whereas the paracetamol group included
only eight non-residents (2 German, 1 Dutch, 1 Danish, 4 Austrian
from other federal states) (7.2% (18/249) vs. 2.7% (8/292), p=0.02).
Thus 88.2% (477/541) of all infants were eligible for follow-up (83.5%
(208/249) vs. 92.1% (269/292), p=0.002). Infants without Bayley
testing at either 12 or 24 months of age were not included in the final
analysis (3.9% (8/208) vs. 5.2% (14/269), p=0.630). Furthermore, we
excluded all infants treated with ibuprofen and/or surgical ligation of
the ductus (35.5% (71/200) vs. 15.3% (39/255), p<0.0001). Finally,
total of 345 infants with a median gestational age of 30.3 (28.8; 31.4)
weeks were included in the study (n=129 in the control group and

n=216 in the paracetamol group). The details are shown in Figure 1.

3.2 | Patient characteristics

Overall, a similar distribution of study-relevant clinical parameters
was found in both groups. Infants in the paracetamol group were
born at a lower median gestational age than infants in the con-
trol group (p=0.023). They less often needed invasive ventilation
(p=0.026), but were longer on CPAP (p=0.011). Infants in the par-
acetamol group were more often diagnosed with white matter dis-
ease grade 1 (p=0.024). There was no difference in the rate of any
other type/grade of brain injury detected by MRI at term-equivalent
age. The postmenstrual age at discharge was significantly lower in
the paracetamol group (p=0.007). Detailed maternal and neonatal
data are shown in Table 1.
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541 live born infants
with gestational age <32 weeks

HOCK ET AL.

13 congenital anomaly | |
/infection
18 non-residents

n =208

No Prophylactic
preventive therapy low-dose paracetamol
n= 249 n =292
10 died 9 died

|| 6 congenital anomaly
/infection
8 non-residents

n =269

FIGURE 1 Flowchart of the inclusion

and exclusion procedures.

Eligible for follow-up
n =477

8 lost to follow-up ’—

—{ 14 lost to follow-up

Follow-up
n =455

n =200

n =255

71 ibuprofen (71)
and/or — —
ductus ligation (6)

39 ibuprofen (39)
and/or
ductus ligation (7)

Control group

n=129 n =216

Paracetamol group

3.3 | Paracetamol administration

The median cumulative dose of prophylactic paracetamol was 107
(90; 130) mg/kg. The median amount of paracetamol administered in
addition to the prophylactic paracetamol at any time until discharge
was 22 (20; 60) mg/kg. This amount did not differ from the control
group (20 (20; 40) mg/kg, p=0.069).

3.4 | Neurodevelopmental outcome

Comparison of neurodevelopmental outcome of infants in the
control group with infants in the paracetamol group is available as
Table 2: These analyses showed a higher median PDI at a corrected
age of 12 and 24 months in the paracetamol group (p <0.0001 and
p=0.044). At a corrected age of 12 months, the rate of psychomo-
tor delay was lower in the paracetamol group (p=0.004). At a cor-
rected age of 24 months, there was no significant difference in the
rate of neurodevelopmental delay. Regarding mental outcome, we
observed a significantly higher median MDI at a corrected age
of 12months in the paracetamol group (p=0.009). There was no

significant difference between either median MDI at corrected

age of 24 months or between the rates of mental delay at any
time-point.

Linear and logistic regression analyses of the effect of prophy-
lactic low-dose paracetamol on neurodevelopmental outcome are
shown in Table 3.

The unadjusted model showed significant effects of prophylac-
tic low-dose paracetamol on neurodevelopmental outcome in PDI
(B=7.8(95% CI 3.90-11.63), p<0.001) and MDI at a corrected age of
12months (B=4.2 (95% Cl 0.81-7.63), p=0.016). At a corrected age
of 12months, the rate of psychomotor delay was lower in the parac-
etamol group (OR 2.22, 95% CI 1.28-3.94, p=0.004). There was no
significant effect on the rate of mental delay at any time-point.

Model 1 (adjusted for potential confounders) showed that the ef-
fect remained significant (PDI 12 months: B=7.8 (95% CI 3.77-11.34),
p<0.001, MDI 12months: B=4.3 (95% ClI 0.79-7.45), p=0.013 and
PDI <85 12months: OR 2.65, 95% Cl 1.44-4.87, p=0.002).

Model 2 (adjusted for significant differences in neonatal char-
acteristics) showed that the difference in median PDI and MDI
at the corrected age of 12months (PDI 12months B=7.8 (95% ClI
3.70-11.86), p<0.001; MDI 12months B=2.5 (95% CI 0.03-7.44,
p=0.048) and the rate of psychomotor delay remained significant
(OR 2.39,95% Cl 1.26-4.54, p=0.008)).
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TABLE 1 Maternal and neonatal
demographic and clinical characteristics
of babies born at <32 gestational weeks
to mothers resident in the Tyrol region,
Austria, admitted to neonatal intensive
care unit at the Medical University of
Innsbruck between January 2011 and
December 2018 before (up to September
2014 - control group) and after (from
October 2014 - paracetamol group)
introduction of routine prophylactic
paracetamol (n=345).

3.5 | Additional analyses in an enlarged population

Control group

Paracetamol group

ACTA PEDIATRICA RYV NI

(n=129) (n=216)
median (IQR) or n (%) p-Value

Gestational age (weeks) 30.7 (29.0; 31.5) 30.0(28.6; 31.3) 0.023
Birth weight (g) 1372 +407 1301+354 0.077
Small for gestational age 11 (8.5%) 14 (6.5%) 0.478
Male sex 64 (49.6%) 124 (57.4%) 0.159
Gestational age <28 weeks 18 (14.0%) 39 (18.1%) 0.321
Apgar Score 5min<7 12 (9.3%) 12 (5.7%) 0.216
Multiple birth 52 (40.3%) 85 (39.4%) 0.860
Maternal age < 23years 9 (7.0%) 10 (4.7%) 0.378
Antenatal steroid use 122 (95.3%) 200 (92.6%) 0.319
Ceasarean section 119 (92.2%) 197 (94.7%) 0.363
Rupture of membranes>24h 23 (18.4%) 48 (23.3%) 0.292
Early onset sepsis 5(3.9%) 15 (6.9%) 0.251
Late onset sepsis 15 (11.6%) 20 (9.3%) 0.481
Surfactant use 94 (72.9%) 161 (75.9%) 0.526
Invasive ventilation 74 (58.3%) 99 (45.8%) 0.026
CPAP duration (days) 4(2;8.5) 7(3;19) 0.011
Chronic lung disease 23 (17.8%) 39 (18.1%) 0.958
Full enteral feeding (days) 10 (8:12) 10 (9:13) 0.053
Necrotising enterocolitis 3(2.3%) 5(2.5%) 0.937
Retinopathy of prematurity 6 (4.7%) 3(1.5%) 0.081

grade 3or4
Intraventricular haemorrhage® 13 (10.6%) 34 (16.7%) 0.128
White matter disease® 9 (7.3%) 41 (20.1%) 0.002
Grade 1 2(1.6%) 15 (7.4%) 0.024
Grade 2 6 (4.9%) 16 (7.8%) 0.300
Grade 3 0 (0%) 3(1.5%) 0.177
Grade 4 1(0.8%) 7 (3.4%) 0.138
Cerebellar haemorrhage® 7 (5.7%) 20 (9.8%) 0.191
Postmenstrual age at discharge 36.9 (36.3; 38.2) 36.5(36.0;37.72) 0.007

(weeks)
Cumulative prophylactic 0 107 (90; 130)

paracetamol (mg/kg)
Cumulative additional 20 (20; 40) 22 (20; 60) 0.069

paracetamol (mg/kg)

Note: Tested via Mann-Whitney U-test and the;(2 test or Fisher's exact test. p Values in bold

indicate p<0.05.

2Detected by MRI at term equivalent age.

A comparison of neurodevelopmental outcome of infants in the

including all infants eligible for follow-up (before
exclusion of infants treated with ibuprofen and/or
surgical ligation of the ductus)

A comparison of patient characteristics between all infants eligible
for follow-up before exclusion of infants treated with ibuprofen and/
or surgical ligation of the ductus (n=208 in the control group and
n=269 in the paracetamol group) is shown as Table S1.

control group with infants in the paracetamol group, including all infants
eligible for follow-up before exclusion of infants treated with ibuprofen
and/or surgical ligation of the ductus, is shown as Table S2. The results
were similar to the initial findings with the exception that there was a
trend for higher median MDI (p=0.052) and a lower rate of mental delay
(p=0.031) at a corrected age of 24 months in the paracetamol group.
Linear and logistic regression analyses of the effect of prophy-
lactic low-dose paracetamol on neurodevelopmental outcome are
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TABLE 2 Neurodevelopmental outcome of babies born at <32
gestational weeks to mothers resident in the Tyrol region, Austria,
admitted to neonatal intensive care unit at the Medical University
of Innsbruck between January 2011 and December 2018 before
(up to September 2014 - control group) and after (from October
2014 - paracetamol group) introduction of routine prophylactic
paracetamol.

Control group Paracetamol group

(n=129) (n=216)
median (IQR) or n (%) p-Value

12 months

PDI 90 (81; 103) 103 (92; 109) <0.0001

PDI<85 34/124 (27.4%)  31/213 (14.6%) 0.006
24 months

PDI 100 (92; 110) 106 (96; 113) 0.044

PDI<85 13/112 (11.6%)  24/185 (13.0%) 0.857
12months

MDI 102 (94; 109) 105 (95; 115) 0.009

MDI<85 8/121 (6.6%) 11/212 (5.2%) 0.629
24 months

MDI 106 (90; 114) 105 (95; 115) 0.428

MDI <85 16/110 (14.5%)  18/184 (9.8%) 0.259

Note: Tested via Mann-Whitney U-test and the 42 test or Fisher's exact
test. p values in bold indicate p <0.05. The differing sample sizes for
each analysis are explained by pairwise deletion of missing data.

Abbreviations: MDI, mental development index; PDI, psychomotor
developmental index.

shown in Table S3. The results were similar to the initial findings
with the exception that univariate analysis showed a significant
difference for PDI at a corrected age of 24 months (B=4.2 (95% Cl
0.91-7.57), p=0.013). Model 1a (adjusted for potential confounders)
showed that this difference (B=3.5 (95% Cl 0.10-6.96), p=0.044)
remained significant, but statistical significance was lost in model
2a (adjusted for significant differences in neonatal characteristics).

4 | DISCUSSION

In this study including 345 closely monitored very preterm infants,
we did not find any negative effect of prophylactic low-dose par-
acetamol administered to endorse early closure of the ductus ar-
teriosus on neurodevelopmental outcome at a corrected age of 12
and 24 months. This is in so far an important observation as there
are studies connecting perinatal paracetamol exposure with adverse
behavioural and cognitive development.}?72° Several studies report
an association of intrauterine exposure to paracetamol with au-
tism spectrum disorder and attention deficit hyperactivity disorder.
Furthermore, there are studies linking prenatal use of paracetamol
with lower IQ and language delay in exposed infants.}?>Y The reli-
ability of these findings is limited by the fact that most studies con-
cerning prenatal paracetamol use are based on self-reported data.

An analysis of six European population-based cohorts includ-
ing 73.000 infants also assessed pre- and postnatal paracetamol
exposure through maternal interviews and found no association of
postnatal paracetamol exposure with autism spectrum disorder or
attention deficit hyperactivity disorder® In mice, it has been shown
that postnatal paracetamol administration affected cognitive func-
tioning and adult responsiveness to paracetamol.’’ Furthermore,
Bauer et al. indicated that early postnatal paracetamol use is cor-
related with autism spectrum disorder in male children in the United
States.?® Although the authors emphasised that they cannot provide
strong evidence of causality, it has to be mentioned that in this study
the circumcision rate was used as a surrogate for postnatal parac-
etamol exposure and data on actual paracetamol use do not exist
in this cohort. Knowledge on the effect of postnatal paracetamol
in the context of prematurity is restricted to data from 44 Finnish
infants. This study did not provide any evidence of an increased risk
of neurodevelopmental problems until the age of 5years in this small
cohort.3031

Inour cohort of very preterminfants, we did not find any negative
effect of prophylactic low-dose paracetamol administration on neu-
rodevelopmental outcome at a corrected age of 12 and 24 months.
In our previous work, we have already shown that the rate of PDA
requiring treatment was lower in the paracetamol group.7 Thus, the
exclusion of all preterm infants treated with ibuprofen or surgical
ligation to investigate the specific effect of prophylactic low-dose
paracetamol administration results in a higher number of imma-
ture infants in the paracetamol group than in the control group and
these infants have a higher intrinsic risk for psychomotor or cogni-
tive delay. Bearing this in mind, it is remarkable that we did not find
any negative effect on neurodevelopmental outcome in infants who
received prophylactic low-dose paracetamol. Furthermore, the find-
ings of the current study are supported by our previous work where
we did not observe any impairment in microstructural and functional
brain maturation after prophylactic low-dose administration in the
same cohort, but in some aspects even a maturational advance.?%?2

So far, it has not been demonstrated that the prophylactic low-
dose paracetamol administration enhances long-term outcomes of
preterm infants. A potential advantageous effect on brain matura-
tion and neurodevelopmental outcome in the paracetamol group
could be explained via an improved cerebral blood flow after an
earlier closure of the ductus arteriosus. Furthermore, pain-related
stress has been associated with alterations in developmental out-
comes of preterm infants.®2 Thus, another explanation for a poten-
tial enhancing effect of paracetamol on brain development may be
based on the analgesic effect of this drug. Since standardised pain
assessment was not included in our study, this hypothesis cannot be
clarified by now.

4.1 | Strengths and limitations

The retrospective study design with a historical cohort as control
group is the main limitation of the study and potential confounding
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cannot be excluded. However, there are neither differences in the
mortality rate nor in the follow-up rate. There were no changes
in the geographical coverage or healthcare provision during the
two eras and the staff as well as our therapy standards remained
largely unchanged during the study period. Both groups are rep-
resentative of patients in a high-level neonatal intensive care
unit. Furthermore, there is a low rate of infants lost to follow-
up. Regarding follow-up, it has to be mentioned as limitation that
Bayley-Il was updated to Bayley-lll within the study period. We
use Bayley-1ll German norms as a population-specific norm to cope
with this issue best possible. In contrast to US norms for Bayley-
I, which are known to underestimate developmental delay, it has
been shown that very preterm infants achieved significantly lower
scores when using German as compared to the US norms.®33* So
far, there is no study available comparing Bayley-Il with Bayley-
Il German norms. In our own analysis including 759 infants from
2007 to 2018, we did not find a higher rate of infants with delay
using Bayley-Il versus Bayley-Ill German norms (Hammerl et al.,

publication in preparation, unpublished data).

4.2 | Conclusions

In summary, there exist conflicting data on potential negative ef-
fects of pre- and postnatal paracetamol exposure. Upon closer
examination, current studies do not provide definite evidence
that (low-dose, short-term) postnatal paracetamol exposure is
causally related to either neurobehavioral or cognitive disorders.
Furthermore, until now, there is no information on cerebral corre-
lates of the above described phenomenon of paracetamol induced
neurocognitive and behavioural alterations in immature infants. In
this study, we did not assess behavioural problems. Thus, specific
assessment for autism spectrum disorder and attention deficit hy-
peractivity disorder as well as the quantification of cognitive abili-
ties at age 5years will be essential for our comprehensive work-up
on the effect of prophylactic low-dose paracetamol administration
on the immature brain.

In our previous studies, we found no impairment of functional
and microstructural maturation processes in the brain of very
preterm infants following prophylactic low-dose paracetamol ad-
ministration.?Y?? For the current study, we can report that we did not
observe any negative effect of prophylactic low-dose paracetamol
administration neurodevelopmental outcome until a corrected age
of 24months in our cohort including 345 closely monitored very
preterm infants. However, more data are needed before recom-

mending use of this treatment strategy more generally.

AUTHOR CONTRIBUTIONS

Mi.H., V.N. and U.K.-K. initiated and designed the study. V.N., Mi.H.,
M.H., M.S. and U.P.-P. participated in data collection. U.P.-P. evalu-
ated the Bayley Scores. J.-P. N. and M.S. planned and conducted
the statistical analyses. M.S., Mi.H. and V.N. drafted the manu-
script and reviewed the literature. All authors participated in data

interpretation. V.N., M.S. and J.-P. N. revised the manuscript. E.G.
and U.K.-K. supervised the study. All authors approved the final ver-

sion for publication.

FUNDING INFORMATION
This work was supported by Osterreichischer Herzfonds (project
No. 202001).

CONFLICT OF INTEREST STATEMENT
The authors have no conflicts of interest to declare.

DATA AVAILABILITY STATEMENT
All data generated or analysed during this study are included in
this article. Further inquiries can be directed to the corresponding

author.

ORCID
Michaela Hock

Elke Griesmaier

https://orcid.org/0000-0001-7855-0617
https://orcid.org/0000-0002-9269-5756
Ursula Kiechl-Kohlendorfer "= https://orcid.
org/0000-0003-0433-6196

Vera Neubauer "= https://orcid.org/0000-0001-6638-8624

REFERENCES

1. Rozé JC, Cambonie G, Marchand-Martin L, et al. Association
between early screening for patent ductus arteriosus and In-
hospital mortality among extremely preterm infants. JAMA.
2015;313(24):2441-2448.

2. Oncel MY, Erdeve O. Oral medications regarding their safety and
efficacy in the management of patent ductus arteriosus. World J
Clin Pediatr. 2016;5(1):75-81.

3. Ohlsson A, Shah PS. Paracetamol (acetaminophen) for patent duc-
tus arteriosus in preterm or low birth weight infants. Cochrane
Database Syst Rev. 2018;4:CD010061.

4. Dang D, Wang D, Zhang C, Zhou W, Zhou Q, Wu H. Comparison
of oral paracetamol versus ibuprofen in premature infants with
patent ductus arteriosus: a randomized controlled trial. PLoS One.
2013;8(11):e77888.

5. Oncel MY, Yurttutan S, Erdeve O, et al. Oral paracetamol ver-
sus oral ibuprofen in the management of patent ductus arterio-
sus in preterm infants: a randomized controlled trial. J Pediatr.
2014;164(3):510-514. e511.

6. Harkin P, Harma A, Aikio O, et al. Paracetamol accelerates closure
of the ductus arteriosus after premature birth: a randomized trial. J
Pediatr. 2016;177:72-77.€72.

7. Hock M, Brunner B, Rier V, et al. Prophylactic low-dose paracetamol
administration associated with lowered rate of patent ductus arte-
riosus in preterm infants - impact on outcome and pain perception.
Pediatr Neonatol. 2020;61(1):84-91.

8. Ohlsson A, Shah PS. Paracetamol (acetaminophen) for prevention
or treatment of pain in newborns. Cochrane Database Syst Rev.
2016;10:CD011219.

9. Marconi E, Bettiol A, Ambrosio G, et al. Efficacy and safety of
pharmacological treatments for patent ductus arteriosus closure:
a systematic review and network meta-analysis of clinical trials and
observational studies. Pharmacol Res. 2019;148:104418.

10. Liew Z, Ritz B, Rebordosa C, Lee PC, Olsen J. Acetaminophen use
during pregnancy, behavioral problems, and hyperkinetic disorders.
JAMA Pediatr. 2014;168(4):313-320.

85U8017 SUOLILLOD BA e8I (ot jdde sy Ag peuenob are saoiLe VO ‘88N Jo se|n. 1oy AriqiT8uljuO /8|1 UO (SUORIPUOD-pUR-SWIBIW0D A8 1M A1 1 pUl|Uo//SdNL) SUORIPUOD PUe S 1 8y} 89S *[£202/90/50] Uo ARiqiauljuo A8 ‘(ouleAnde) sqnopesy Ag 9089T ede/TTTT 0T/I0p/W00 A8 | Areiqijeuljuo//sdiy woiy papeojumod ‘0 ‘£/222TS9T


https://orcid.org/0000-0001-7855-0617
https://orcid.org/0000-0001-7855-0617
https://orcid.org/0000-0002-9269-5756
https://orcid.org/0000-0002-9269-5756
https://orcid.org/0000-0003-0433-6196
https://orcid.org/0000-0003-0433-6196
https://orcid.org/0000-0003-0433-6196
https://orcid.org/0000-0001-6638-8624
https://orcid.org/0000-0001-6638-8624

HOCK ET AL.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Cooper M, Langley K, Thapar A. Antenatal acetaminophen use
and attention-deficit/hyperactivity disorder: an interesting ob-
served association but too early to infer causality. JAMA Pediatr.
2014;168(4):306-307.

Bornehag CG, Reichenberg A, Hallerback MU, et al. Prenatal expo-
sure to acetaminophen and children's language development at 30
months. Eur Psychiatry. 2018;51:98-103.

Baker BH, Lugo-Candelas C, Wu HT, et al. Association of
Prenatal Acetaminophen Exposure Measured in meconium
with risk of attention-deficit/hyperactivity disorder mediated
by frontoparietal network brain connectivity. JAMA Pediatr.
2020;174(11):1073-1081.

Avella-Garcia CB, Julvez J, Fortuny J, et al. Acetaminophen use in
pregnancy and neurodevelopment: attention function and autism
spectrum symptoms. Int J Epidemiol. 2016;45(6):1987-1996.
Ystrom E, Gustavson K, Brandlistuen RE, et al. Prenatal exposure
to acetaminophen and risk of ADHD. Pediatrics. 2017;140(5),
e20163840.

Bittker SS, Bell KR. Postnatal acetaminophen and potential risk
of autism Spectrum disorder among males. Behav Sci (Basel).
2020;10(1), 26.

Liew Z, Ritz B, Virk J, Arah OA, Olsen J. Prenatal use of acet-
aminophen and child IQ: a Danish cohort study. Epidemiology.
2016;27(6):912-918.

Alemany S, Avella-Garcia C, Liew Z, et al. Prenatal and postnatal
exposure to acetaminophen in relation to autism spectrum and
attention-deficit and hyperactivity symptoms in childhood: meta-
analysis in six European population-based cohorts. Eur J Epidemiol.
2021;36(10):993-1004.

Viberg H, Eriksson P, Gordh T, Fredriksson A. Paracetamol (acet-
aminophen) administration during neonatal brain development
affects cognitive function and alters its analgesic and anxiolytic
response in adult male mice. Toxicol Sci. 2014;138(1):139-147.
Bauer AZ, Kriebel D. Prenatal and perinatal analgesic exposure and
autism: an ecological link. Environ Health. 2013;12(1):1-13.
Schreiner C, Sappler M, Hock M, et al. Prophylactic low-dose
paracetamol Administration for Ductal Closure and Amplitude-
Integrated Electroencephalography in preterm infants. Front
Pediatr. 2022;10:887614.

Sappler M, Hammerl M, Pellkofer Y, et al. Prophylactic low-dose
paracetamol Administration for Ductal Closure and Microstructural
Brain Development in preterm infants. Neonatology.
2022;1-9:361-369.

Fenton TR, Kim JH. A systematic review and meta-analysis to re-
vise the Fenton growth chart for preterm infants. BMC Pediatr.
2013;13:13.

Bell MJ, Ternberg JL, Feigin RD, et al. Neonatal necrotizing entero-
colitis. Therapeutic decisions based upon clinical staging. Ann Surg.
1978;187(1):1-7.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

ACTA PEDIATRICA RYVNI

Kidokoro H, Anderson PJ, Doyle LW, Woodward LJ, Neil JJ, Inder
TE. Brain injury and altered brain growth in preterm infants: predic-
tors and prognosis. Pediatrics. 2014;134(2):E444-E453.

Aikio O, Harkin P, Saarela T, Hallman M. Early paracetamol treat-
ment associated with lowered risk of persistent ductus arte-
riosus in very preterm infants. J Matern Fetal Neonatal Med.
2014;27(12):1252-1256.

Bayley N. Bayley Scales of Infant and Toddler Development® 3rd
Edition (Bayley-11I®). The Psychological Corporation; 2006.
Reuner GRJ. Bayley Scales of Infant and Toddler Development,
Bayley-lii, Third Edition, German Version. Frankfurt; 2014.
Kiechl-Kohlendorfer U, Biermayr M, Pupp Peglow U, Griesmaier E.
Outcome of infants born at <32 weeks' gestation in a single-Centre
level 11l neonatology unit - relation to feeding strategy. J Int Med
Res. 2018;46(12):5107-5116.

Juujarvi S, Kallankari H, Patsi P, et al. Follow-up study of the
early, randomised paracetamol trial to preterm infants, found no
adverse reactions at the two-years corrected age. Acta Paediatr.
2019;108(3):452-458.

Juujarvi S, Saarela T, Hallman M, Aikio O. Trial of paracetamol for
premature newborns: five-year follow-up. J Matern Fetal Neonatal
Med. 2021;35:1-3.

Valeri BO, Holsti L, Linhares MB. Neonatal pain and developmental
outcomes in children born preterm: a systematic review. Clin J Pain.
2015;31(4):355-362.

Johnson S, Moore T, Marlow N. Using the Bayley-Ill to assess neu-
rodevelopmental delay: which cut-off should be used? Pediatr Res.
2014;75(5):670-674.

Fuiko R, Oberleitner-Leeb C, Klebermass-Schrehof K, Berger A,
Brandstetter S, Giordano V. The impact of norms on the outcome of
children born very-preterm when using the Bayley-Ill: differences
between US and German norms. Neonatology. 2019;116(1):29-36.

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Hock M, Sappler M, Hammer| M,
Griesmaier E, Ndayisaba J-P, Schreiner C, et al. Prophylactic
low-dose paracetamol for ductal closure and
neurodevelopmental outcome in very preterm infants. Acta
Paediatr. 2023;00:1-9. https://doi.org/10.1111/apa.16806

85U8017 SUOLILLOD BA e8I (ot jdde sy Ag peuenob are saoiLe VO ‘88N Jo se|n. 1oy AriqiT8uljuO /8|1 UO (SUORIPUOD-pUR-SWIBIW0D A8 1M A1 1 pUl|Uo//SdNL) SUORIPUOD PUe S 1 8y} 89S *[£202/90/50] Uo ARiqiauljuo A8 ‘(ouleAnde) sqnopesy Ag 9089T ede/TTTT 0T/I0p/W00 A8 | Areiqijeuljuo//sdiy woiy papeojumod ‘0 ‘£/222TS9T


https://doi.org/10.1111/apa.16806

	Prophylactic low-­dose paracetamol for ductal closure and neurodevelopmental outcome in very preterm infants
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Study design and population
	2.2|Patient characteristics
	2.3|Paracetamol administration
	2.4|Neurodevelopmental outcome
	2.5|Statistical analyses

	3|RESULTS
	3.1|Study population
	3.2|Patient characteristics
	3.3|Paracetamol administration
	3.4|Neurodevelopmental outcome
	3.5|Additional analyses in an enlarged population including all infants eligible for follow-­up (before exclusion of infants treated with ibuprofen and/or surgical ligation of the ductus)

	4|DISCUSSION
	4.1|Strengths and limitations
	4.2|Conclusions

	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


