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Abstract 

Background  To determine whether intermittent intravenous (IV) paracetamol as primary analgesic would signifi‑
cantly reduce morphine consumption in children aged 0–3 years after cardiac surgery with cardiopulmonary bypass.

Methods  Multi-center, randomized, double-blinded, controlled trial in four level-3 Pediatric Intensive Care Units 
(PICU) in the Netherlands and Belgium. Inclusion period; March 2016–July 2020. Children aged 0–3 years, undergo‑
ing cardiac surgery with cardiopulmonary bypass were eligible. Patients were randomized to continuous morphine 
or intermittent IV paracetamol as primary analgesic after a loading dose of 100 mcg/kg morphine was administered 
at the end of surgery. Rescue morphine was given if numeric rating scale (NRS) pain scores exceeded predetermined 
cutoff values. Primary outcome was median weight-adjusted cumulative morphine dose in mcg/kg in the first 48 
h postoperative. For the comparison of the primary outcome between groups, the nonparametric Van Elteren test 
with stratification by center was used. For comparison of the proportion of patients with one or more NRS pain scores 
of 4 and higher between the two groups, a non-inferiority analysis was performed using a non-inferiority margin 
of 20%.

Results  In total, 828 were screened and finally 208 patients were included; parents of 315 patients did not give con‑
sent and 305 were excluded for various reasons. Fourteen of the enrolled 208 children were withdrawn from the study 
before start of study medication leaving 194 patients for final analysis. One hundred and two patients received 
intermittent IV paracetamol, 106 received continuous morphine. The median weight-adjusted cumulative mor‑
phine consumption in the first 48 h postoperative in the IV paracetamol group was 5 times lower (79%) than that in 
the morphine group (median, 145.0 (IQR, 115.0–432.5) mcg/kg vs 692.6 (IQR, 532.7–856.1) mcg/kg; P < 0.001). The 
rescue morphine consumption was similar between the groups (p = 0.38). Non-inferiority of IV paracetamol adminis‑
tration in terms of NRS pain scores was proven; difference in proportion − 3.1% (95% CI − 16.6–10.3%).
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Background
Congenital heart disease is the most frequently diag-
nosed congenital defect, with a reported total prevalence 
of 8.0 in 1000 births in Europe [1] More than half of these 
patients require surgical intervention during the first 3 
years of life.

An evidence-based guideline for pain treatment after 
cardiac surgery in children is lacking [2]. A 2022 guide-
line for pain and sedation management recommends 
opioids as primary analgesic in critically ill patients with 
moderate to severe pain [3].

A 2022 survey including over 200 European PICUs as 
well as a survey in pediatric cardiac ICUs showed large 
variation in dose and choice of analgesic drugs [4, 5]. 
Currently, most centers prescribe at least one opioid as 
primary analgesic after cardiac surgery [2].

Cardiopulmonary bypass (CPB) may alter pharmacoki-
netics (PK) after cardiac surgery [6]. Valkenburg et  al. 
[7] showed that children after cardiac surgery with use 
of CPB have a lower clearance of morphine and a higher 
volume of distribution compared with non-cardiac sur-
gery suggesting that children undergoing cardiac surgery 
with the use of CPB may need adjusted dosages of post-
operative analgesics [8].

Opioids have been associated with potential serious 
adverse events, such as hypotension and respiratory 
depression and risk for opioid tolerance and opioid with-
drawal [9]. These occurrences may result in prolonged 
ICU stay [10–13].

A possible alternative is paracetamol (acetaminophen), 
considered a safe drug when used in the age-appropriate 
dose [14, 15]. In an earlier randomized controlled trial, 
intermittent IV paracetamol proved equally effective 
as intravenous morphine in children up to one year of 
age after major non-cardiac surgery [16]. We therefore 
assumed that IV paracetamol might also benefit children 
after cardiac surgery.

Methods
Aims
We performed a prospective, multi-center, randomized 
double-blinded, controlled trial in children aged 0–3 
years undergoing cardiac surgery with the use of CPB. 

The aim of the study was to test the hypothesis that inter-
mittent IV paracetamol administration as primary anal-
gesic after cardiac surgery will result in a reduction of at 
least 30% of the median weight-adjusted cumulative mor-
phine dose (in mcg/kg) during the first 48 h after cardiac 
surgery.

Study design and setting
A prospective, multi-center, randomized double-blinded 
controlled trial conducted in four level-3 PICUs in the 
Netherlands and Belgium (Erasmus MC-Sophia Rot-
terdam, Wilhelmina Children’s Hospital UMC Utrecht, 
Beatrix Children’s Hospital UMC Groningen, the Nether-
lands and University Hospital Leuven, Belgium).

The study was approved by the Erasmus MC Medical 
Ethics Committee and was registered in the Dutch trial 
registry under the code NTR5448 as well at the Central 
Committee on Research Involving Human Subjects (NL 
53085.078.15), EudraCT (2015-001835-20-NL/BE), and 
clinicaltrials.gov (identifier: NCT05853263).

Parents or legal guardians of the participating children 
provided written informed consent prior to any study 
procedures. The study protocol is published in Trials and 
available online [17].

Patients
Inclusion criteria
Children (0–36 months) admitted to the PICU after car-
diac surgery with the use of CPB between March 2016 
and July 2020 were eligible to participate.

Exclusion criteria
No informed consent, a known allergy or intolerance for 
paracetamol or morphine, opioids administered in the 
24 h before surgery, hepatic dysfunction prior to surgery 
(defined as three times the reference value of alanine/
aspartate aminotransferase (ALAT/ASAT)), and/or renal 
insufficiency defined at least as RIFLE category Risk prior 
to surgery.

Withdrawal criteria:

•	 Withdrawn informed consent
•	 Signs of hypersensitivity or an allergic reaction to 

either morphine or paracetamol

Conclusions  In children aged 0–3 years undergoing cardiac surgery, use of intermittent IV paracetamol reduces 
the median weight-adjusted cumulative morphine consumption in the first 48 h after surgery by 79% with equal pain 
relief showing equipoise for IV paracetamol as primary analgesic.

Trial Registration Clinicaltrials.gov, Identifier: NCT05853263; EudraCT Number: 2015-001835-20.

Keywords  Morphine, Intravenous paracetamol, Randomized controlled trial, Analgesia, Child, Congenital heart 
defects, Congenital cardiac surgery
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•	 Re-operation or extracorporeal membrane oxygena-
tion (ECMO) treatment within 48 h

•	 Hepatic dysfunction, defined as three times the refer-
ence value of ALAT/ASAT

•	 Renal insufficiency defined as RIFLE category Injury
•	 Administration of muscle relaxants after surgery for 

3 h or longer
•	 Body temperature of 38.5° Celsius after surgery for 6 

h or longer

Randomization, blinding and treatment allocation
Blocked randomization with randomly chosen block 
sizes and stratification by center was applied. A biostat-
istician (JvR) carried out the randomization in advance, 
with a randomization schedule for each participating 
center. Participants were assigned a consecutive trial 
number on the randomization schedule. The randomiza-
tion schedule was safely stored in the local pharmacy at 
every center. The hospital pharmacies of all participating 
centers, but not the physicians, had access to the rand-
omization schedule to ensure concealed allocation. Study 
medication was prepared at the participating centers by 
the pharmacy. In case of a medical emergency the phar-
macists could be consulted on treatment allocation. To 
ensure blinding in both groups, a double dummy (inter-
mittent placebo bolus of Sodium chloride (NaCl) 0.9% in 
a similar volume as the IV paracetamol dose or a contin-
uous placebo infusion of NaCl 0.9% at the same rate as an 
equivalent morphine continuous infusion) was used.

Procedures
Peroperative management
Peroperative analgosedation in each center was per-
formed per local protocol. Only short acting opioids were 
used during surgery. Type of analgesics and sedatives 
were registered in the electronic patient data manage-
ment system, but not included in the case record form 
(CRF). Only short acting opioids were used during sur-
gery. Information on the duration of surgery, type of CPB 
system used, CPB run time, aorta cross clamp time and 
degree and duration of hypothermia were registered in 
the CRF.

Assessments
Trained pediatric ICU nurses applied the Numeric Rat-
ing Scale-11 (NRS-11) pain and COMFORT-Behavior 
Scale (COMFORT-B) every 2 h. Both instruments are 
validated in critically ill children [18].

Pediatric delirium was assessed thrice daily in children 
requiring sedatives or analgesics for more than 48 h using 
the validated SOS-Pediatric Delirium (SOS-PD) scale 
[19].

All patients were classified according to the Risk-
Adjusted Classification for Congenital Heart Surgery 
(RACHS-1) score [20]. The Pediatric Risk of Mortality 
(PRISM) lll score [21], combined with the Pediatric Logis-
tic Organ Dysfunction 2 (PELOD-2) [22] were assessed 
on the day of surgery postoperatively, and postopera-
tive days 1 and 2. To evaluate inotropic support in the 
first 48 h after surgery we calculated the vasoactive ino-
tropic score (VIS) using the highest recorded inotropic 
and vasopressor doses. VIS was calculated as follows: 
dobutamine dose (mg/kg/min) + dopamine dose (mg/kg/
min) + norepinephrine dose (mg/kg/min) *100 + epineph-
rine dose (mg/kg/min) *100 + milrinone dose (mg/kg/min) 
*10 + vasopressin dose (U/kg/min) *10,000 [23, 24].

To assess renal injury the lowest glomerular filtration 
rate (GFR) in the first 48 h after surgery was recorded 
and categorized using the KDIGO criteria [25].

Study protocol
A loading dose of morphine 100 mcg/kg IV was admin-
istered to all patients after separation from CPB, directly 
after surgery. Hereafter, patients were randomized to 
receive either continuous morphine or intermittent IV 
paracetamol. Paracetamol was dosed according to the 
Dutch Pediatric Formulary (loading dosage 20 mg/kg in 
all patients, maintenance dosage 40  mg/kg/day in neo-
nates and 60 mg/kg/day in all other patients, 4 times 
daily) [26]. Morphine dosing was based on a population 
PK model-derived dosing regimen, range 3.9 to 16.0 mcg/
kg per hour, resulting in similar morphine concentration 
across children’s age and bodyweight ranges [9, 17, 27, 
28].

Pain or discomfort was scored with both the NRS pain 
scale and COMFORT-B. An open label morphine IV res-
cue dose (10 mcg/kg in neonates < 10 days, 15 mcg/kg in 
older patients) was administered if NRS-score ≥ 4. Pain 
was re-evaluated 10 min after the intervention. If pain 
persisted after three rescue doses, a morphine loading 
dose of 100 mcg/kg was administered and open label con-
tinuous morphine infusion was started at 10 mcg/kg per 
hour. Open label morphine infusion could be increased 
to maximum 30 mcg/kg per hour. In case of inadequate 
analgesia with maximum open label morphine, patients 
were switched to continuous IV fentanyl. Open label 
morphine or fentanyl infusion was titrated to effect using 
the NRS pain scale. In each group, continuous study 
morphine infusion was decreased on postoperative day 1 
if the NRS score < 3 and COMFORT-B score < 10. Study 
medication was continued until 48 h after surgery. In 
patients who met the withdrawal criteria, treatment allo-
cation was de-blinded and trial morphine infusions and/
or paracetamol were switched to equivalent open label 
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dose infusions of both paracetamol and morphine and 
analyzed as intention to treat within their treatment arm.

Outcomes
The primary endpoint is median weight-adjusted cumu-
lative morphine dose in mcg/kg during the first 48 h 
postoperatively.

Secondary outcomes are:

1)	 Morphine rescue dose in micrograms per kilogram 
in the first 48 h postoperatively, number of patients 
receiving rescue morphine doses, and number of 
patients needing rescue morphine continuous infu-
sions.

2)	 Incidence of adverse drug reactions:

a.	 Hemodynamic; hypotension or bradycardia, with 
the need for medication or a fluid bolus

b.	 Decreased gastrointestinal motility or intestinal 
obstruction not directly related to the underlying 
diagnosis and not previously existing obstruction 
with the need for intervention

c.	 Vomiting
d.	 Number of reintubations
e.	 Pediatric delirium (SOS-PD > 3)

3)	 Non-inferiority analysis by comparing the proportion 
of patients with one or more NRS scores of at least 4 
between study arms

4)	 Average COMFORT-B score
5)	 Concomitant use of sedatives (type and dose)
6)	 Number of hours on mechanical ventilation
7)	 Length of PICU stay

Secondary outcomes were registered until 48 h after 
stop trial medication (96 h after surgery).

Statistical methods
Power analysis
The power analysis, conducted in a simulation study, is 
based on a comparison of the primary outcome between 
groups using a Mann–Whitney test. For the simulation 
study, data from a previous study were used [16]. Based 
on this data set, the median weight-adjusted cumulative 
morphine consumption in the control group would be 
357 mcg/kg (IQR: 220–605), and was hypothesized that 
this morphine consumption would be reduced by 30% 
in the intervention (paracetamol) group. The simulation 
study showed that using a two-sided significance level of 
5%, 86 patients per group would be required to obtain a 
power of 95%.

In the study design phase we already anticipated 
some patient exclusions and missing data. Therefore the 

recruitment target was set with some margin for error to 
104 patients per group (208 in total), to compensate for 
the effects of patient exclusions/missing data as well as 
the statistical adjustment for stratification by center.

Statistical analysis
For the comparison of the primary outcome between 
groups, the nonparametric Van Elteren test with stratifi-
cation by center was used. Linear regression analysis with 
group and treatment center as categorical predictor vari-
ables was applied for the secondary outcomes.

For comparison of the proportion of patients with 
one or more NRS scores of 4 and higher between the 
two groups, a non-inferiority analysis was done, using a 
non-inferiority margin of 20%. The confidence interval 
was calculated with the method of Klingenberg[29], with 
adjustment for center. Adverse effects were compared 
between groups using Fisher exact tests. The level of sig-
nificance was set to 5%, and all tests were two-sided.

Interim analysis and stopping guidelines
An international external Data and Safety Moni-
toring Board (DSMB) composed of an experienced 
cardiac surgeon, pediatric intensivist and cardio-anes-
thesiologist together with an independent biostatisti-
cian was installed. The study protocol did not contain an 
interim analysis. The DSMB evaluated inclusion rate and 
safety of participants (need for rescue morphine and NRS 
pain scores in both groups) 4 times during the inclu-
sion period and advised us to continue the study without 
design changes to the protocol. To better assess safety 
aspects and before patient enrolment, morphine rescue 
dose in micrograms per kilogram in the first 48 h postop-
eratively, number of patients receiving rescue morphine 
doses, number patients needing rescue morphine con-
tinuous infusions and average COMFORT-B scores were 
added as secondary outcome.

Results
Patient characteristics
Fourteen of the enrolled 208 children were withdrawn 
from the study before start of study medication leav-
ing 194 patients for final analysis. The main reasons are 
noted in the flowchart in Fig. 1.

The morphine group contained 100 patients versus 94 
in the intravenous paracetamol group. The two groups 
did not significantly differ in patient characteristics and 
risk of mortality scores (Table 1. Patient characteristics). 
Underlying cardiac diagnoses are shown in Table 2. 

Twenty-eight patients in the IV paracetamol group 
and 26 patients in the continuous morphine group were 
switched to open label IV PCM and continuous mor-
phine during the study period, most often because of 
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fever. Reasons for withdrawal and time to withdrawal are 
shown in Table 3. All patients were analyzed in their pri-
mary allocated group using the Fisher exact test.

Study outcomes
The median weight-adjusted cumulative morphine dose 
in the first 48 h postoperative in the paracetamol group 
was 5 times lower (79%) than in the morphine group 
(P < 0.001 (Table 4)).

There were no significant differences between groups 
in median total rescue morphine consumption in the first 
48 h postoperative, proportion of patients receiving res-
cue morphine boluses and additional continuous mor-
phine infusions.

The median weight-adjusted cumulative morphine 
consumption in the 194 patients who received the study 
medication for 48 h was 145.0 (115.0–432.5) mcg/kg in 
the IV paracetamol group vs 692.6 (532.7–856.1) mcg/kg 
(p < 0.001) in the continuous morphine group. The rescue 

morphine consumption was similar in both groups, 29.4 
(0–45.7) mcg/kg in the IV paracetamol group vs 30.0 
(0–70.9) mcg/kg in the continuous morphine group. The 
percentage of patients needing continuous open label 
morphine was 42.3% in the IV paracetamol group vs 42% 
in the continuous morphine group.

Percentage of adverse effects did not significantly dif-
fer between treatment groups (Table  4). Hemodynamic 
instability as predefined was the most frequently occur-
ring adverse effect in both groups; 22 (23%) in the IV 
paracetamol group versus 28 (28%) in the continuous 
morphine group (p = 0.46). Inotropic support expressed 
as the vasoactive inotropic score (VIS) based on the 
highest doses of inotropes in the first 48 h was similar 
between both groups (Table  4)  (See Additional file  2, 
Table 1: Inotropic support in the first 48 h). 

Three patients in IV paracetamol group were re-intu-
bated versus two patients in the continuous morphine 
group (p = 0.68).

Fig. 1  Study flowchart
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Overall median NRS pain scores were 0 (IQR 0–3) vs 
0 (IQR 0–5) in the IV paracetamol and continuous mor-
phine group, respectively. The number of patients with 
one or more NRS pain scores of 4 or higher was similar in 
both groups (Table 4).

The estimate (two-sided 95% CI) for the difference in 
proportions between the paracetamol group and the con-
tinuous morphine group, adjusted for center, was − 3.1% 
(95% CI − 16.6%–10.3%). Non-inferiority of IV paraceta-
mol administration was proven because the upper bound 
of the 95% CI was below the predefined non-inferiority 
margin of 20%.

The concomitant use of sedatives was similar in both 
groups (Table 4). An overview of the doses given of the 
used sedatives during the study period are displayed in 
the Additional file 1 (Table 3: Sedative use in the first 48 
h).

Nine patients had hepatic dysfunction (ALAT n = 3 
(morphine n = 2, paracetamol n = 1); ASAT n = 8 (mor-
phine n = 4, paracetamol n = 4). Renal dysfunction rang-
ing from mild to severe ( GFR under 60 ml/min) was seen 
in 48 patients (Table 5). Severe renal dysfunction defined 
as a GFR of 29 ml/min or less was seen in 8 patients; 6 in 

the morphine group and 2 in the IV Paracetamol group. 
Most of these patients (31 vs 17) received study mor-
phine, this was not significantly different between groups 
(p = 0.71 (2-sided)). There seems to be a trend toward 
increased renal dysfunction in the morphine group 
which might support reports of protective aspects of IV 
paracetamol in these patients.

Discussion
In this multi-center RCT, infants below 4 years of age 
treated with IV paracetamol as primary analgesic after 
cardiac surgery with CPB received significantly less mor-
phine within the first 48 h after surgery than did mor-
phine. Their median weight-adjusted morphine dose 
was 79% lower than that of patients receiving continuous 
morphine as a primary analgesic.

Several studies have shown opioid-sparing effects of 
intravenous or rectal paracetamol in children of various 
ages undergoing various types of non-cardiac surgery 
[16, 30–33]. While these earlier studies showed a 15–66% 
reduction in total morphine consumption, this reduc-
tion in total morphine dosing in our cohort was higher at 
79%. Differences in study populations and study designs 

Table 1  Patient characteristics

UMC = University medical center, IQR = interquartile range, CPB = cardiopulmonary bypass, PRISM III = Pediatric risk of Mortality-lll score, PIM II = Pediatric Index 
of Mortality, RACHS = Risk Adjusted Classification for Congenital Heart Surgery (RACHS-1) score, NRS = Numeric Rating Scale VIS = Vasoactive Inotropic Score 
PICU = Pediatric Intensive Care Unit

Characteristic Paracetamol (n, %)
N = 94

Morphine (n, %)
N = 100

Sex, n (%)
Male
Female

51 (54)
43 (46)

52 (52)
48 (48)

Center, n (%)
Erasmus MC-Sophia Rotterdam
Wilhelmina Children’s Hospital UMC Utrecht
Beatrix Children’s Hospital UMC Groningen
University Hospital Leuven

59 (62.8)
14 (14.9)
7 (7.4)
14 (14.9)

61 (61)
14 (14)
8 (8)
17 (17)

Age at surgery in months, median (IQR) 5 (3–10) 4 (2–7)

Body weight in kg, median (IQR) 5.8 (4.8–8.6) 5.9 (4.5–7.5)

Aortic Clamp Time, minutes, median(IQR) 58.0 (30.5–82.5) 61.5 (46.0–82.8)

Survival 92 (98%) 98( 98%)

CPB duration in min, median (IQR) 98.0 (60–138) 98.5 (79–133)

RACHS, n (%)
 1
 2
 3
 4
 5
 6

12
52
22
5
–
3

4
62
20
15
–
0

PRISM III, median (IQR) 15 (9) 16 (9)

PIM II, median(IQR) − 3.78 (0.58) − 3.73 (0.51)

PELOD

 Day 0
 Day 1
 Day 2

5 (3)
4 (4)
2 (5)

5 (3)
3 (4)
2 (4)
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may prevent a true comparison of the results. Whether 
altered PK or PD in our patient cohort plays a role in our 
findings is unclear but our findings are similar to our 

earlier study in non-cardiac patients suggesting that CPB 
does not greatly influence PK or PD parameters [16].

Adding other analgesics such as NSAIDs or alpha2 
antagonists such as dexmedetomidine could potentially 
reduce morphine requirements. Adults studies have 
shown a reduced opioid consumption when using dex-
medetomidine. In children, favorable effects of dexme-
detomidine to reduce opioid consumption or pain scores 
have not been proven [9].

Although data is sparse both in efficacy as well as in 
safety in this patient group there is some evidence that 
NSAID’s could potentially reduce morphine use [34–36].

Morphine has both sedative and analgesic properties. 
Interestingly, approximately 80% of our included patients 
in either group needed additional sedatives although the 
use of additional sedatives was similar in both groups. 
This proportion is higher than that in a similar study by 
Ceelie et  al. in non-cardiac surgery patients, in which 
between 7.9 and 15.2% of patients received additional 
midazolam [16] and in a similar study by de Hoogd et al., 
in which 37.2% of all patients received additional contin-
uous midazolam [37] The discrepancy may be explained 
by the difference in patient ages between the studies: 
median five months in our study vs. less than one month 
in the study by Ceelie et al. [16] Older children may need 
more sedatives to accept intubation and mechanical ven-
tilation, chest tubes and the hospital environment com-
pared to neonates. De Hoogd et  al. used much higher 
morphine doses compared to our study; leading to lower 
use of other sedatives as morphine itself has a sedative 
effect as well.

Lower or even absent continuous morphine infu-
sions might therefore lead to higher needs for sedatives. 
We found no difference in midazolam usage or cumu-
lative midazolam doses (Additional file  1: Additional 
Table 3. Sedative use in the first 48 h) between the two 
study groups, suggesting that sedative needs were not 
influenced by the morphine infusion. Furthermore, sev-
eral studies report similar use of midazolam in children 

Table 2  Underlying cardiac diagnosis per group

*Other: ALCAPA, Ebstein with pulmonary valve atresia

**Other: Truncus arteriosus, TAPVR

Abbreviations: VSD: ventricular septal defect, TOF: Tetralogy of Fallot, AVSD: 
atrioventricular septal defect, ASD: atrial septal defect, TGA: transposition of the 
Great Arteries, HRHS: hypoplastic right heart syndrome, HLHS: hypoplastic left 
heart syndrome, TAPVR: total abnormal pulmonary venous return, PAPVR: partial 
abnormal pulmonary venous return, ALCAPA (anomalous left coronary artery 
from the pulmonary artery)

Intermittent IV paracetamol (n = 94) Number (%)

VSD 20 (21.3)

TOF 16 (17)

AVSD 15 (16)

ASD 12 (12.7)

TGA​ 7 (7.4)

Valve stenosis/insufficiency 6 (6.3)

HRHS 5 (5.3)

HLHS 4 (4.3)

PAPVR 3 (3.2)

Hypoplastic aortic arch 2 (2.1)

TAPVR 2 (2.1)

Other * 2 (2.1)

Morphine (n = 100)

VSD 29 (29)

TOF 21 (21)

AVSD 12 (12)

TGA​ 10 (10)

Hypoplastic aortic arch 5 (5)

HLHS 8 (8)

Valve stenosis/insufficientie 4 (4)

ASD 2 (2)

HRHS 2 (2)

PAPVR 3 (3)

VSD & ASD 2 (2)

Other ** 2 (2)

Table 3  Time and reasons for patient withdrawal

ECMO: extracorporeal membrane oxygenation, OR: operation

Endpoint Paracetamol (n = 28) Morphine (n = 26)

Time to withdrawal (hr:min) (Median(IQR) 16:00 (11:29–19:23) 15:36 (9:03–18:48) 0.67

Reasons for withdrawal, n (%)

 Fever 13 (46.4) 12 (46.2) 0.815

 Parental request 2 (7.1) 3 (11.5)

 Physicians request 4 (14.3) 6 (23.1)

 Trial medication delivery problem 4 (14.3) 4 (15.4)

 ECMO/OR/muscle relaxants 5 (17.9) 1 (3.8)
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following cardiac surgery treated with continuous mor-
phine infusions as found in our study [38–40].

The most common adverse effects of the study drugs 
were hemodynamic instability which was comparable 
between groups; 23.4% vs 28.0% for IV paracetamol and 
continuous morphine, respectively. Moreover inotropic 
support expressed as the VIS score in the first 48 h was 
not significantly different between groups. Changes in 
hemodynamic parameters are multifactorial and dif-
ferentiation between morphine effect or purely cardiac-
surgery-related hemodynamic effects is difficult. Adverse 
effects of IV paracetamol also need to be considered. In 

a previous study, IV paracetamol was associated with 
hypotension in 5% of children in the cardiac intensive 
care unit. This can partially explain why there is no dif-
ference in hemodynamic instability between both study 
groups. Ultimately we found no differences in compli-
cations but could not establish a correlation between 
medication doses and adverse effect in a one on one 
relationship.

Another potential complication in our patients is renal 
or hepatic failure. Data on acute kidney injury associ-
ated with paracetamol are somewhat ambiguous. Renal 
failure has been reported in patients with a paracetamol 

Table 4  Primary and secondary study outcomes

*48 h postoperative

** 96 h postoperative

PICU = Pediatric Intensive Care Unit, NRS = Numeric Rating Scale, VIS = Vasoactive Inotropic Score

Outcome Paracetamol (n = 94) Morphine (n = 100) P-value

Cumulative morphine consumption, (Median (IQR)), mcg/kg* 145.0 (115.0–432.5) 692.6 (532.7- 856.1)  < 0.001

Rescue morphine dose total, median (IQR), mcg/kg* 29.4 (0–45.7) 30.0 (0–70.9) 0.38

Patients with rescue morphine bolus, (n) (%)* 62 (66.0%) 69 (69.0%) 0.76

Patients with rescue morphine infusions (n)* 40(42.3%) 42 (42.0%) 1.00

Co-medication (n)*

 Midazolam
 Lorazepam
 Propofol
 Fentanyl
 Clonidine
 Ketamine
 Dexmedetomidine

76 (80.9%)
5 (5.3%)
26 (27.7%)
8 (8.5%)
6 (6.4%)
23 (24.5%)
6 (6.4%)

77 (77%)
10 (10%)
19 (19%)
10 (10%)
5 (5%)
21 (21.0%)
8 (8%)

0.59
0.29
0.18
0.81
0.67
0.54
0.68

PICU stay in days ( median(IQR)) 3 (2–6) 2 (1–5) 0.10

Duration postoperative mechanical ventilation (median, IQR, hours) 11.8 (4.5–45.6) 15.4 (5.7–28.8) 0.39

Reintubation (n, %)* 3 (3.2) 2 (2) 0.68

Adverse events**

 Hemodynamic instability (bradycardia or hypotension)
 Gastrointestinal (obstruction, obstipation, vomiting)
 Delirium
 Apnea

22 (23.4%)
3 (3.2%)
3 (3.2%)
3 (3.2%)

28 (28%)
1 (1%)
5 (5%)
2 (5%)

0.46
0.28
0.53
0.60

VIS 5 (0–9.6) 5 (3.0–10) 0.21

NRS ≥ 4 at least once (n,%)* 55 (59%) 62 (62%) 0.62

Comfort-B scale scores (median, range)* 12 (8–22) 12 (7–20) 0.05

Table 5  Renal dysfunction in GFR per study group

GFR: Glomerular Filtration Rate, ALAT: alanine aminotransferase, ASAT: aspartaat aminotransferase.

Renal dysfunction Morphine IV Paracetamol P-value

GFR 45–59 ml/min (mild to moderate dysfunction, n) 13 8

GFR 30–44 ml/min (moderate to severe dysfunction) 11 8 0.71

GFR 15–29 ml/min (severe dysfunction) 6 2

Hepatic dysfunction
 ALAT 2 1 0.60

 ASAT 4 4 0.93
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overdose [41]. On the other hand there is some evidence 
that suggests that paracetamol protects against kidney 
injury mediated by free hemoglobin in both animals and 
humans. Xiong et  al. suggest that early postoperative 
paracetamol may even be beneficial in preventing acute 
kidney injury [42]. Although not statistically different the 
patients in the morphine group did have a higher inci-
dence of kidney injury compared to the IV paracetamol 
group (31% vs 18%) (p0.71). These findings might support 
the earlier publications on the protective aspects of PCM 
in these patients. Hepatic failure was very limited in our 
patients. Renal and hepatic dysfunction recovered after 
discontinuation of the study medication.

Reintubation was rare in both groups and could not be 
attributed to pharmacologic induced hypopnea or apnea. 
Length of PICU stay as well as time on mechanical ven-
tilation did not differ between groups: This suggests no 
adverse respiratory effects of the higher morphine expo-
sure in the continuous morphine group. Gastrointestinal 
side effects as well as withdrawal syndrome or delirium 
are side effects that might be more prominent after 96 h 
after surgery. Since all patients switched to open label 
morphine and paracetamol after 48 h, late onset adverse 
effects could have been masked or missed due to the 
short follow-up time.

Strengths
To the best of our knowledge, this is the first large ran-
domized controlled trial in children under the age of 4 
years undergoing cardiac surgery with CPB, and the first 
to compare IV paracetamol as a primary analgesic post-
operatively with the common practice of administering 
opioids.

Limitations
About 30% of patients in either group were switched to 
open label paracetamol and morphine during the study 
timeframe. In approximately half of these cases the rea-
son was sustained fever after surgery and the need for IV 
paracetamol to decrease body temperature. Interestingly, 
fever episodes were similar in both groups. Changing to 
open label might have actually increased the morphine 
consumption in patients in the IV paracetamol group 
who were switched from placebo to open label morphine 
within 48 h, thereby reducing the observed difference 
between the groups. The need for open label paracetamol 
due to fever does not reflect inadequate pain manage-
ment and would not be an issue in open label paraceta-
mol treatment.

To conclude, administration of intermittent intrave-
nous paracetamol as primary analgesic in children under 
3 years of age after cardiac surgery with the use of cardio-
pulmonary bypass resulted in a substantial reduction of 

the median weight-adjusted  cumulative morphine con-
sumption in the first 48 h postoperatively and reduced 
the need for continuous morphine infusions in almost 
60% of all patients treated with IV paracetamol. Con-
sidering the similar need for rescue morphine doses and 
the same median NRS and COMFORT-B scores in both 
groups, an analgesic treatment protocol incorporating 
a loading dose of 100 mcg/kg morphine followed by IV 
paracetamol maintenance doses and bolus rescue mor-
phine achieves equally effective postoperative pain relief 
in these patients independent of diagnosis or type of car-
diac surgery negating the need for continuous morphine 
infusions in 40% of all patients.

Abbreviations
IV	� Intravenous
(P)ICU	� (Pediatric) Intensive care Units
NRS	� Numeric Rating Scale
CPB	� Cardiopulmonary Bypass
PK	� Pharmacokinetics
ALAT	� Alanine aminotransferase
ASAT	� Aspartate aminotransferase
ECMO	� Extracorporeal Membrane Oxygenation
NaCL	� Sodium Chloride
CRF	� Case record form
COMFORT B	� COMFORT Behavior Scale
SOS-PD	� SOS-Pediatric Delirium
RACHS-1	� Risk-Adjusted Classification for Congenital Heart Surgery
PRISM III	� The Pediatric Risk of Mortality III
PELOD2	� Pediatric Logistic Organ Dysfunction 2
DSMB	� Data and Safety Monitoring Board

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13054-​024-​04905-3.

Additional file 1. Additionale Table 3. Sedative use in the first 48 h. 

Additional file 2. Additional Table 1. Inotropic support in the first 48 h.

Acknowledgements
The authors would like to acknowledge all medical and support staff from 
participating hospitals, and in particular the research nurses without whom 
this study would have been have difficult to execute.

Author contributions
GZ made substantial contributions to the conception and design of the work, 
acquisition, analysis and interpretation of data, drafted and substantively 
revised the manuscript. CR made substantial contributions to acquisition, 
analysis and interpretation of data, and drafted the work. JvR made substantial 
contributions to the conception and design of the work, analysis and inter‑
pretation of data, and substantively revised the manuscript. MvD made sub‑
stantial contributions to the conception and design of the work, analysis and 
interpretation of data, and substantively revised the manuscript. SdW made 
substantial contributions to the conception and design of the work, analysis 
and interpretation of data, and substantively revised the manuscript. CK made 
substantial contributions to the conception and design of the work, analysis 
and interpretation of data, and substantively revised the manuscript. EK made 
substantial contributions to the conception and design of the work, and sub‑
stantively revised the manuscript. NJ made substantial contributions to the 
conception and design of the work, and substantively revised the manuscript. 
MK made substantial contributions to the conception and design of the work, 
and substantively revised the manuscript. SM made substantial contributions 
to acquisition, analysis and interpretation of data, and substantively revised 
the manuscript. GvdB made substantial contributions to the conception and 

https://doi.org/10.1186/s13054-024-04905-3
https://doi.org/10.1186/s13054-024-04905-3


Page 10 of 11Zeilmaker‑Roest et al. Critical Care          (2024) 28:143 

design of the work, and substantively revised the manuscript. RH made sub‑
stantial contributions to acquisition, analysis and interpretation of data, and 
substantively revised the manuscript. DV made substantial contributions to 
the conception and design of the work, and substantively revised the manu‑
script. AB made substantial contributions to the conception and design of the 
work, analysis and interpretation of data, drafted and substantively revised the 
manuscript. DT made substantial contributions to the conception and design 
of the work, analysis and interpretation of data, drafted and substantively 
revised the manuscript. EW made substantial contributions to the conception 
and design of the work, acquisition, analysis and interpretation of data, drafted 
and substantively revised the manuscript. All authors read and approved the 
final manuscript.

Funding
This study was funded by ZonMw (The Netherlands Organisation for Health 
Research and Development), “effective, efficient, safer use of medicines” 
project (project number 836041016), and the Sophia Foundation for Scientific 
Research (SSWO) (project number S16-08). Funders had no role in study 
design or study proceedings, writing of the report, or the decision to submit 
the report for publication. Funding Greet van den Berghe (ORCID ID: 0000-
0002-5320-1362). Methusalem Programme from the Flemish Goverment 
(METH/14/06) and ERC Advanced Grant (AdvG-2017-785809) from the Horizon 
2020 Program of the EU.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Erasmus MC Medical Ethics Committee 
and was registered in the Dutch trial registry under the code NTR5448 as 
well at the Central Committee on Research Involving Human Subjects (NL 
53085.078.15), EudraCT (2015-001835-20-NL/BE), and clinicaltrials.gov (identi‑
fier: NCT05853263). Parents or legal guardians of the participating children 
provided written informed consent prior to any study procedures. The study 
protocol is published in Trials and available online [17].

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Neonatal and Pediatric Intensive Care, Division of Pediatric 
Intensive Care, Erasmus MC-Sophia Children’s Hospital, Wytemaweg 80, 3015 
CN Rotterdam, The Netherlands. 2 Department of Cardiothoracic Surgery, Eras‑
mus MC, Rotterdam, The Netherlands. 3 Department of Biostatistics, Erasmus 
MC, Rotterdam, The Netherlands. 4 Department of Epidemiology, Erasmus MC, 
Rotterdam, The Netherlands. 5 Department of Pharmacology and Toxicology, 
Radboud University Medical Center, Nijmegen, The Netherlands. 6 Division 
of Systems Pharmacology and Pharmacy, Leiden Academic Centre for Drug 
Research, Leiden University, Leiden, The Netherlands. 7 Department of Clinical 
Pharmacy, St. Antonius Hospital Nieuwegein/Utrecht, Utrecht, The Nether‑
lands. 8 Department of Pediatrics, Division of Pediatric Critical Care Medicine, 
Wilhelmina Children’s Hospital, University Medical Center Utrecht, Utrecht, The 
Netherlands. 9 Department of Pediatrics, Beatrix Children’s Hospital, Univer‑
sity Medical Center Groningen, Groningen, The Netherlands. 10 Department 
of Pediatrics, Division of Pediatric Critical Care Medicine, Beatrix Children’s 
Hospital, University Medical Center Groningen, Groningen, The Netherlands. 
11 Department of Intensive Care Medicine, UZ Leuven, Louvain, Belgium. 
12 Department of Pediatrics, Maastricht University Medical Center+, MosaKids 
Children’s Hospital, Maastricht, The Netherlands. 

Received: 26 January 2024   Accepted: 7 April 2024

References
	1.	 Dolk H, Loane M, Garne E. European Surveillance of Congenital Anoma‑

lies Working G. Congenital heart defects in Europe: prevalence and 
perinatal mortality, 2000 to 2005. Circulation. 2011;123(8):841–9.

	2.	 Zeilmaker-Roest GA, Wildschut ED, van Dijk M, Anderson BJ, Breatnach 
C, Bogers A, et al. An international survey of management of pain and 
sedation after paediatric cardiac surgery. BMJ Paediatr Open. 2017;1(1): 
e000046.

	3.	 Smith HAB, Besunder JB, Betters KA, Johnson PN, Srinivasan V, Stormorken 
A, et al. 2022 Society of critical care medicine clinical practice guidelines 
on prevention and management of pain, agitation, neuromuscular 
blockade, and delirium in critically ill pediatric patients with considera‑
tion of the ICU environment and early mobility. Pediatr Crit Care Med. 
2022;23(2):e74–110.

	4.	 Daverio M, von Borell F, Ramelet AS, Sperotto F, Pokorna P, Brenner S, et al. 
Pain and sedation management and monitoring in pediatric intensive 
care units across Europe: an ESPNIC survey. Crit Care. 2022;26(1):88.

	5.	 Valentine K, Cisco MJ, Lasa JJ, Achuff BJ, Kudchadkar SR, Staveski SL. A sur‑
vey of current practices in sedation, analgesia, withdrawal, and delirium 
management in paediatric cardiac ICUs. Cardiol Young. 2023:1–6.

	6.	 van Saet A, de Wildt SN, Knibbe CA, Bogers AD, Stolker RJ, Tibboel D. 
The effect of adult and pediatric cardiopulmonary bypass on phar‑
macokinetic and pharmacodynamic parameters. Curr Clin Pharmacol. 
2013;8(4):297–318.

	7.	 Valkenburg AJ, Calvier EA, van Dijk M, Krekels EH, O’Hare BP, Casey WF, 
Mathôt RA, Knibbe CA, Tibboel D, Breatnach CV. Pharmacodynamics and 
pharmacokinetics of morphine after cardiac surgery in children with and 
without down syndrome. Pediatr Crit Care Med. 2016;17(10):930–938. 
https://​doi.​org/​10.​1097/​PCC.​00000​00000​000904.

	8.	 Mian P, Valkenburg AJ, Allegaert K, Koch BCP, Breatnach CV, Knibbe CAJ, 
et al. Population pharmacokinetic modeling of acetaminophen and 
metabolites in children after cardiac surgery with cardiopulmonary 
bypass. J Clin Pharmacol. 2019;59(6):847–55.

	9.	 Egbuta C, Mason KP. Current state of analgesia and sedation in the pedi‑
atric intensive care unit. J Clin Med. 2021;10(9).

	10.	 Burgart AM, Char D. The opioid crisis should lead pediatric anesthesi‑
ologists to a broader vision of opioid stewardship. Paediatr Anaesth. 
2019;29(11):1078–80.

	11.	 Tobias JD. Tolerance, withdrawal, and physical dependency after long-
term sedation and analgesia of children in the pediatric intensive care 
unit. Crit Care Med. 2000;28(6):2122–32.

	12.	 Harris J, Ramelet AS, van Dijk M, Pokorna P, Wielenga J, Tume L, et al. Clini‑
cal recommendations for pain, sedation, withdrawal and delirium assess‑
ment in critically ill infants and children: an ESPNIC position statement for 
healthcare professionals. Intensive Care Med. 2016;42(6):972–86.

	13.	 da Silva PS, Reis ME, Fonseca TS, Fonseca MC. Opioid and benzodiazepine 
withdrawal syndrome in PICU patients: which risk factors matter? J Addict 
Med. 2016;10(2):110–6.

	14.	 Cook SF, Roberts JK, Samiee-Zafarghandy S, Stockmann C, King AD, 
Deutsch N, et al. Population pharmacokinetics of intravenous paraceta‑
mol (acetaminophen) in preterm and term neonates: model develop‑
ment and external evaluation. Clin Pharmacokinet. 2016;55(1):107–19.

	15.	 Mian P, Knibbe CAJ, Calvier EAM, Tibboel D, Allegaert K. Intravenous 
paracetamol dosing guidelines for pain management in (pre)term 
neonates using the paediatric study decision tree. Curr Pharm Des. 
2017;23(38):5839–49.

	16.	 Ceelie I, de Wildt SN, van Dijk M, van den Berg MMJ, van den Bosch 
GE, Duivenvoorden HJ, et al. Effect of intravenous paracetamol on 
postoperative morphine requirements in neonates and infants undergo‑
ing major noncardiac surgery a randomized controlled trial. JAMA. 
2013;309(2):149–54.

	17.	 Zeilmaker-Roest GA, van Rosmalen J, van Dijk M, Koomen E, Jansen NJG, 
Kneyber MCJ, et al. Intravenous morphine versus intravenous paraceta‑
mol after cardiac surgery in neonates and infants: a study protocol for a 
randomized controlled trial. Trials. 2018;19(1):318.

	18.	 Giordano V, Edobor J, Deindl P, Wildner B, Goeral K, Steinbauer P, et al. 
Pain and sedation scales for neonatal and pediatric patients in a 
preverbal stage of development: a systematic review. JAMA Pediatr. 
2019;173(12):1186–97.

https://doi.org/10.1097/PCC.0000000000000904


Page 11 of 11Zeilmaker‑Roest et al. Critical Care          (2024) 28:143 	

	19.	 Ista E, Te Beest H, van Rosmalen J, de Hoog M, Tibboel D, van Beusekom B, 
et al. Sophia observation withdrawal symptoms-paediatric delirium scale: 
a tool for early screening of delirium in the PICU. Aust Crit Care. 2017.

	20.	 Cavalcanti PE, Sa MP, Santos CA, Esmeraldo IM, Chaves ML, Lins RF, et al. 
Stratification of complexity in congenital heart surgery: comparative 
study of the Risk Adjustment for Congenital Heart Surgery (RACHS-1) 
method, Aristotle basic score and Society of Thoracic Surgeons-European 
Association for Cardio- Thoracic Surgery (STS-EACTS) mortality score. Rev 
Bras Cir Cardiovasc. 2015;30(2):148–58.

	21.	 Pollack MM, Patel KM, Ruttimann UE. PRISM III: an updated pediatric risk 
of mortality score. Crit Care Med. 1996;24(5):743–52.

	22.	 Leteurtre S, Duhamel A, Salleron J, Grandbastien B, Lacroix J, Leclerc F, 
et al. PELOD-2: an update of the PEdiatric logistic organ dysfunction 
score. Crit Care Med. 2013;41(7):1761–73.

	23.	 Davidson J, Tong S, Hancock H, Hauck A, da Cruz E, Kaufman J. Prospec‑
tive validation of the vasoactive-inotropic score and correlation to short-
term outcomes in neonates and infants after cardiothoracic surgery. 
Intensive Care Med. 2012;38(7):1184–90.

	24.	 Koponen T, Karttunen J, Musialowicz T, Pietilainen L, Uusaro A, Lahtinen P. 
Vasoactive-inotropic score and the prediction of morbidity and mortality 
after cardiac surgery. Br J Anaesth. 2019;122(4):428–36.

	25.	 Rovin BH, Adler SG, Barratt J, Bridoux F, Burdge KA, Chan TM, et al. Execu‑
tive summary of the KDIGO 2021 guideline for the management of 
glomerular diseases. Kidney Int. 2021;100(4):753–79.

	26.	 Dutch Pediatric Formulary. www.​kinde​rform​ulari​um.​nl.
	27.	 Krekels EH, Tibboel D, de Wildt SN, Ceelie I, Dahan A, van Dijk M, et al. 

Evidence-based morphine dosing for postoperative neonates and 
infants. Clin Pharmacokinet. 2014;53(6):553–63.

	28.	 Wang C, Sadhavisvam S, Krekels EH, Dahan A, Tibboel D, Danhof M, 
et al. Developmental changes in morphine clearance across the entire 
paediatric age range are best described by a bodyweight-dependent 
exponent model. Clin Drug Investig. 2013;33(7):523–34.

	29.	 Klingenberg B. A new and improved confidence interval for the Mantel-
Haenszel risk difference. Stat Med. 2014;33(17):2968–83.

	30.	 Hong JY, Kim WO, Koo BN, Cho JS, Suk EH, Kil HK. Fentanyl-sparing effect 
of acetaminophen as a mixture of fentanyl in intravenous parent-/nurse-
controlled analgesia after pediatric ureteroneocystostomy. Anesthesiol‑
ogy. 2010;113(3):672–7.

	31.	 Korpela R, Korvenoja P, Meretoja OA. Morphine-sparing effect of acetami‑
nophen in pediatric day-case surgery. Anesthesiology. 1999;91(2):442–7.

	32.	 Ali S, Sofi K, Dar AQ. Comparison of intravenous infusion of tramadol 
alone with combination of tramadol and paracetamol for postopera‑
tive pain after major abdominal surgery in children. Anesth Essays Res. 
2017;11(2):472–6.

	33.	 Patel AK, Gai J, Trujillo-Rivera E, Faruqe F, Kim D, Bost JE, et al. Association 
of intravenous acetaminophen administration with the duration of intra‑
venous opioid use among hospitalized pediatric patients. JAMA Netw 
Open. 2021;4(12): e2138420.

	34.	 Maund E, McDaid C, Rice S, Wright K, Jenkins B, Woolacott N. Paracetamol 
and selective and non-selective non-steroidal anti-inflammatory drugs 
for the reduction in morphine-related side-effects after major surgery: a 
systematic review. Br J Anaesth. 2011;106(3):292–7.

	35.	 Misurac JM, Grinsell MM, Narus JH, Mason S, Kallash M, Andreoli SP. 
NSAID-associated acute kidney injury in hospitalized children—a 
prospective Pediatric Nephrology Research Consortium study. Pediatr 
Nephrol. 2023;38(9):3109–16.

	36.	 Shi S, Xiong C, Bie D, Fang Z, Wang J. Association between postopera‑
tive ibuprofen exposure and acute kidney injury after pediatric cardiac 
surgery. Ren Fail. 2024;46(1):2318417.

	37.	 de Hoogd S, Goulooze SC, Valkenburg AJ, Krekels EHJ, van Dijk M, 
Tibboel D, et al. Postoperative breakthrough pain in paediatric cardiac 
surgery not reduced by increased morphine concentrations. Pediatr Res. 
2021;90(6):1201–6.

	38.	 Borenstein-Levin L, Hochwald O, Ben-Ari J, Dinur G, Littner Y, Eytan D, et al. 
Same baby, different care: variations in practice between neonatologists 
and pediatric intensivists. Eur J Pediatr. 2022;181(4):1669–77.

	39.	 Valkenburg AJ, Goulooze SC, Breatnach CV, Mathot RAA, Tibboel D, van 
Dijk M, et al. Sedation with midazolam after cardiac surgery in children 
with and without down syndrome: a pharmacokinetic-pharmacody‑
namic study. Pediatr Crit Care Med. 2021;22(4):e259–69.

	40.	 Amula V, Vener DF, Pribble CG, Riegger L, Wilson EC, Shekerdemian LS, 
et al. Changes in anesthetic and postoperative sedation-analgesia prac‑
tice associated with early extubation following infant cardiac surgery: 
experience from the pediatric heart network collaborative learning study. 
Pediatr Crit Care Med. 2019;20(10):931–9.

	41.	 McCrae JC, Morrison EE, MacIntyre IM, Dear JW, Webb DJ. Long-
term adverse effects of paracetamol—a review. Br J Clin Pharmacol. 
2018;84(10):2218–30.

	42.	 Xiong C, Jia Y, Wu X, Zhao Y, Yuan S, Yan F, et al. Early postoperative aceta‑
minophen administration and severe acute kidney injury after cardiac 
surgery. Am J Kidney Dis. 2023;81(6):675–83.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

http://www.kinderformularium.nl

	Intermittent intravenous paracetamol versus continuous morphine in infants undergoing cardiothoracic surgery: a multi-center randomized controlled trial
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Aims
	Study design and setting
	Patients
	Inclusion criteria
	Exclusion criteria

	Randomization, blinding and treatment allocation
	Procedures
	Peroperative management

	Assessments
	Study protocol
	Outcomes
	Statistical methods
	Power analysis

	Statistical analysis
	Interim analysis and stopping guidelines

	Results
	Patient characteristics
	Study outcomes

	Discussion
	Strengths
	Limitations

	Acknowledgements
	References


