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Summary
Rationale:

Post-operative pain relief after cardiac surgery in children is mainly achieved by opioids. However,
worldwide dosing and choice of opioids used vary greatly, with morphine being the drug of first choice.
Morphine has unwanted hemodynamically and respiratory side effects. Post cardiac surgery patients
may therefore potentially benefit from a non-opioid drug for their pain relief. A previous study has
shown that intravenous paracetamol is effective and opioid sparing in children after major non cardiac
surgery. Intermittent intravenous administration of paracetamol may therefore result in a significant
decrease in cumulative morphine consumption in the first 48 hours after cardiac surgery.

Objective:

The aim of the study is to test the hypothesis that intermittent intravenous paracetamol administration
in children after cardiac surgery will result in a reduction of at least 30% of the cumulative morphine
requirement.

Study design:
A prospective multi center randomized double blind study.
Study population:

Children younger than four years of age, admitted to the pediatric ICU’s of Erasmus MC- Sophia
Rotterdam, Wilhelmina Children’s Hospital UMC Utrecht, Beatrix children’s hospital Groningen or
Leuven University Hospital, after cardiac surgery.

Intervention:

Patients will be randomized to receive either intermittent intravenous paracetamol or continuous
intravenous morphine up to 48 hours post-operatively. Morphine will be available as rescue medication
for both groups.

Main study parameters/endpoints:
The cumulative morphine consumption during the first 48 hours after cardiac surgery.

Nature and extent of the burden and risks associated with participation, benefit and group
relatedness:

Possible burden and risk of participating in the study is the risk of insufficient analgesia after cardiac
surgery with intermittent intravenous paracetamol. Given previous studies on the postoperative efficacy
of paracetamol in children after major non cardiac surgery, this risk is considered low. Moreover,
morphine will be administered as rescue medication in case of insufficient analgesia in both groups.
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Paracetamol in therapeutic doses has been widely studied in children and is considered to be efficacious
and safe in the proposed study population. In addition, study participants may experience less
morphine-related side effects if paracetamol reduces the total morphine requirement.

The study is essential in this population as results from adults or healthy children cannot be
extrapolated to the delicate situation in postoperative cardiac surgery children. Differences in age,
underlying (cardiac) disease, and use of cardiopulmonary bypass will result in different
pharmacokinetics and pharmacodynamics of both paracetamol and morphine after cardiovascular
surgery in children.
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1. Introduction and rationale

Congenital heart disease (CHD) is the largest group of congenital defects, accounting for almost one-
third of all congenital anomalies (1). In Europe, the reported total prevalence of CHD is 8.0 in 1000
births, with some variability between countries (2). In the Netherlands approximately 800 children with
congenital cardiac defects undergo cardiac surgery every year in one of the four designated cardiac
surgery centers (Rotterdam, Leiden, Utrecht, Groningen). Surgical intervention is necessary within the
first year of life in 55% and in 67% during the first three years of life (3).

After the publication by Anand and Aynsley-Green (4) the importance of adequate postsurgical pain
relief in neonates and infants became apparent. Findings that untreated pain results in prolonged
behavioral consequences and increases stress hormone levels have resulted in an increased use of
morphine in neonates and children for post-operative pain relief (5-8). Continuous IV morphine has
been shown to be effective for post-operative pain relief in over 200 post-operative non cardiac surgery
patients between 0 and 3 years of age with a clear age difference in morphine requirements between
neonates and older patients (9).

Gestational and postnatal age, genetic background, organ maturation, and critical iliness all influence PK
resulting in differences in plasma concentrations of drugs (10-13) . In 2009 Knibbe et al. proposed a
novel morphine dosing regimen for neonates and children based on extensive PK studies resulting in a
significant dose reduction of morphine in neonates < 10 days post-natal age (10). This model was further
validated with new data sets (14) and ultimately resulted in a prospective randomized controlled trial in
which the proposed dosing regimen for morphine dosing was evaluated (15). While the model
accurately predicted morphine and metabolite concentrations throughout the population studied, it
showed that older children needed additional morphine doses, potentially because of reduced
sensitivity to morphine compared to neonates (15). Finally IV paracetamol was compared to morphine
as a primary analgesic drug in a recent randomized controlled trial in postoperative children. Ceelie et al
(16) showed effective pain relief of intravenous paracetamol and IV morphine after major non-cardiac
surgery in neonates and infants up to 1 year of age. Furthermore the study showed no difference in
need for rescue medication and a lower cumulative morphine dose over 48 hours after surgery. This
study shows that IV paracetamol is effective as a primary analgesic or as an adjuvant to morphine
infusion after major non cardiac surgery.

Several pain conditions have been shown to have a considerable genetic contribution. More than 350
candidate genes have been identified that may be involved in heritable differences in pain sensitivity
and processing. Even though twin studies can help identify if different phenotypes in pain sensitivity are
genetically linked, they are unable to identify potential genes involved (17, 18).

Understanding of PK, PD as well as genetic variation concerning pain perception is therefore important
to further improve dosing protocols. The perception of pain varies greatly between patients. Besides
genetics other factors such as prior opioid use, and opioid tolerance may influence perception of pain.

Cardiothoracic Surgery
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In cardiac surgery patients postoperative pain is influenced by several factors. These factors are related
to the surgical procedure, such as the sternum wound and chest drains. In addition, mechanical
ventilation, endotracheal suctioning, and coughing after extubation all may add to the intensity of the
postoperative pain. Dislocation of the sternum or the drains can result in serious complications that
require repeat surgery.

Based on the general anesthesia guidelines, opioids are considered standard of care in children to
prevent and treat postoperative pain after cardiac surgery even though clear PK data in this specific
pediatric population is lacking(19). In a large prospective study Howard et al. evaluated effectiveness,
morphine requirements and safety of iv morphine in over 10.000 pediatric patients including almost
1000 patients after cardiac surgery in a tertiary care hospital. Patients after cardiac surgery had the
highest morphine requirements with an average dose of 23 mcg/kg/h (5-50 mcg/kg/h) but PK data was
not collected (20) and it is unclear whether morphine dosing was based on validated pain scores. Lynn at
al. describe morphine serum levels of 15-20 ng/ml in infants after cardiac surgery with continuous
morphine infusions of 10-20 mcg/kg/h even though there were no reports of analgesic efficacy of these
doses (21). These morphine serum levels are typically associated with adequate pain relief (22).
However, PD endpoints have not been scored using validated instruments and no PK data have been
published (23).

Although morphine requirements and dosing algorithms have been published for post-operative pain
relief these studies mostly describe either adult (24)or non-cardiac surgery pediatric patients (15). We
know PK is significantly different in children as compared to adults. Moreover, there are several reasons
to assume that children after cardiac surgery have different PK and/or PD compared to other types of
surgery.

The use of cardiopulmonary bypass (CPB) is one of the main reasons to expect PK changes in this patient
population as compared to patients after non-cardiac major surgery. CPB has a profound effect on the
pharmacokinetics because of 1) hemodynamic changes, 2) hemodilution, 3) hypothermia, 4) systemic
inflammatory reactions, 5) sequestration of drugs. These effects change constantly throughout CPB and
some continue to exert influence after the patient has been successfully weaned from CPB (25).

1) During CPB there is a change from pulsatile to non-pulsatile flow with rapid hemodynamic changes.
This may change organ perfusion and organ function. Most children after cardiac surgery are
dependent on inotropic support and at risk of further hemodynamic instability. Hemodynamic changes
affect organ perfusion and ultimately organ function. This will affect drug metabolism. Children with a
normal cardiovascular system undergoing surgery seem to clear morphine more efficiently than infants
undergoing cardiovascular surgery (26). The authors concluded that maturation processes of the
metabolizing enzymes are different for post cardiac surgery patients but might more likely be due to
changes in organ perfusion and subsequent changes in metabolizing enzymes. Further evidence
suggests that clearance of morphine is significantly lower in children who need inotropic support after
cardiac surgery (22). An accurate prediction model for morphine clearance therefore needs to take
both type of surgery (cardiac vs non-cardiac) and age into account.

10
Version 4, 14-06-2018. Protocol ID NL53085.078.15



PACS study; Pediatric Analgesia after Cardiac Surgery.

2) On initiation of CPB, prime fluid causes dilution of the patients’ blood. Particularly, in small children
the addition of the prime fluid can double the patient circulating volume. This causes a shift in the
bound and unbound fraction of the drug and a redistribution from peripheral to central compartments.
The influence of these shifts depends on the drug properties concerning protein binding, lipophilicity
and volume of distribution. Moreover, the patients weight determines the amount of albumin added to
the prime fluid, thereby influencing the protein binding of drugs. The added volume during
cardiopulmonary bypass will also be influenced by the use of modified ultrafiltration. This modified
ultrafiltration will extract fluid from the patients during CPB in order to reduce the circulating volume.
Both hemodilution and use of CPB decreases blood pressure and blood flow rate (25). The decreased
renal and hepatic perfusion, and hemodilution of red blood cells, may result in decreased elimination of
drugs. Finally, hemodilution also causes a shift in acid-base status of the circulating volume affecting
bound to unbound drug ratio’s which in turn may affect the PK of drugs.

3) Decreased elimination is also strongly influenced by hypothermia, due to temperature dependence of
metabolic enzyme function and transporter molecules. The most extreme example of hypothermia is a
body temperature of 18° C during deep hypothermic circulatory arrest (25, 27-30). Upon rewarming
these metabolic changes are gradually reversed.

4) The systemic inflammatory response that is activated by CPB depends on patient characteristics and
of CBP duration. The complex humoral response includes complement, cytokine and coagulation-
fibrinolytic activation. The cellular response includes activation of endothelial cells, neutrophils,
macrophages, monocytes and platelets. Interesting endogenous molecules in these immune responses
are alarmins, that are released upon tissue damage and activate the immune system (31). However, the
primary initiation of the alarmins in the immune response are unclear (32). The result of the pro-and
anti-inflammatory mediators results in the “systemic inflammatory response syndrome” (SIRS). SIRS can
vary from mild to severe, with multiple organ dysfunction. Mild SIRS will have almost no consequences
for the treatment of the patient on the ICU. Severe SIRS, however, will have serious consequences for
the immediate treatment of the patient and will result in a prolonged stay in the pediatric ICU (25, 33,
34).

The early inflammation phase is triggered by the moment the blood comes in contact with the synthetic
circuit of the CPB. The late phase of the inflammation cascade is triggered by ischemia-reperfusion and
endotoxemia, following the release of the aortic cross clamping.

Nonspecific factors activating the inflammatory response are hypothermia and transfusion. Auto-
transfusion is used in order to reduce the systemic inflammatory biomarkers (35).

In order to reduce the systemic inflammatory response, specific patients may receive a bolus of
glucocorticoids at the start of anesthesia. Type, dosing and timing of glucocorticoids vary between
hospitals and pediatric data are scarce. The effects of glucocorticoids on the anti-inflammatory response
and clinical outcome remain conflicting (36-38). However a recent study in children during cardiac
surgery found a temporary, controlled activation of the innate immune system with both strong pro-
and anti-inflammatory signals (39).
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5) Sequestration of, mainly lipophilic, drugs in het CPB system depends on the different components of
the CPB circuit. Studies on midazolam and propofol found that, although sequestrations leads to a
decrease of the total serum concentration, the unbound fraction often remains reasonably stable (40).
The type of tubing and oxygenator have the most influence on drug sequestration, as demonstrated
with propofol and fentanyl (41, 42). The available literature on drug sequestration in CPB is all based on
adult CPB circuits. In vitro and in vivo pediatric CPB circuit are currently tested at the Erasmus MC.

Since the publication by the group of Lynn (21, 26) most pediatric cardiac intensive care units use
morphine as standard analgesic drug in cardiac surgical patients, sometimes complemented by NSAIDs
(in children over 3 months) and often by paracetamol. Because of a lack of evidence on specific drugs,
considerable differences in type and dosing of analgesics are observed worldwide. Dosing of morphine,
for instance, was found to range from 10 to 80 mcg/kg/h (43).

Regional anesthetic techniques are not used in children during cardiac surgery. Studies in this field are of
limited size and the complications of regional techniques are rare, but severe (44).

Finally, the type of surgical procedure may influence the PK of drugs. More complex congenital cardiac
defects may not only have an influence on systemic circulation influencing PK of drugs itself, but will also
lead to longer CPB run times with higher risk for severe SIRS and hemodynamic instability. This said
there is currently no literature suggesting a difference in sedative or analgesic requirements based on
type of congenital defect or surgical procedure. Furthermore current hospital guidelines on analgesia
and sedation in children after cardiac surgery do not distinguish between type of surgical procedure. An
extensive literature search did not yield a relation between operative procedure and dosing and type of
analgosedation.

CPB and pharmacodynamics

There are reasons to expect changes in PD, i.e. the sensitivity in terms of efficacy or safety to a certain
drug concentration, in patients undergoing CPB for cardiac surgery. There is increasing evidence that up
to 50% of neonates with a CHD have pre-operative cerebral lesions (45-47). Experimental data shows
that CPB causes cerebral swelling potentially influencing the PD or efficacy of drugs (34). Also, cerebral
injury has been shown, due to microemboli, in adults. The amount of microemboli are dependent on the
duration of CPB (48). Cerebral injury may also occur in children who needed deep hypothermic
circulatory arrest to correct their congenital malformation. White matter injury was the most common
injury in children after deep hypothermia, independent of different perfusion technique (low flow, or
circulatory arrest) (45). It is unclear if and how this may affect the pharmacodynamic relation of drugs.

Cardiac surgery, CPB and influence on stress hormone levels

CPB elicit a critical illness stress response in infants, which is associated with changes in the
hypothalamic-pituitary-adrenal (HPA) axis. There is limited understanding of the axis function during and
after cardiac surgery in children (49). However, in the acute phase of critical illness, circulating cortisol
increases in response to acute illness or trauma, assumed to be driven by a several-fold increased
adrenocortical cortisol production evoked by increased CRH and ACTH release. Because of a decrease in
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albumin and corticosteroid-binding globulin levels, a proportionally much higher increase of circulating
free cortisol is present (50). When critical iliness persists, a steep fall in plasma ACTH occurs after a short
lasting elevation, whereas plasma cortisol concentrations remain high, due to a pronounced suppression
of cortisol breakdown by a reduced expression and activity of the cortisol metabolizing enzymes (51). In
animal studies and healthy subjects, effects of opioids on the HPA axis appear to be mediated via both
the hypothalamus and pituitary, but also via opioid receptors on the adrenal gland (52). However, in
critically ill adults, Peeters et al. described a dose-dependent suppressive effect of opioids on plasma
cortisol — but not on ACTH (53). This suggests a drug effect not mediated centrally via ACTH, but rather
peripherally by a direct or indirect action on the adrenal cortex.

Morphine

The elimination of morphine is mainly through glucuronidation by urine diphosphate
glucuronosyltransferase (UGT) 2B7. Morphine clearance therefore directly reflects the formation of its
two major metabolites morphine-3-glucuronide (M3G) and morphine-6-glucuronide (M6G). Both
metabolites are cleared through renal elimination, and a reduced renal function can lead to
accumulation of the metabolites. Evidence suggests that clearance of morphine is significantly slower in
children who need inotropic support after cardiac surgery (22). Since the use of post-operative inotropic
drugs implies a compromised cardiovascular status, this could have an impact on morphine metabolism
(22). M3G and Mé6g are pharmacologically active, thus accumulation is of clinical importance. Accurate
predictions of the metabolites clearance in children of different age groups after cardiac surgery have
not yet been established. The existing prediction models after cardiac surgery, from both the traditional
and population-based approach focus on the total morphine clearance (11).

Morphine is known to have unwanted adverse drug reactions. This is a particular problem in these
hemodynamically unstable children. Hypotension and respiratory depression can lead to delayed
recovery and prolonged PICU stay (54, 55). Other adverse effects of morphine are intestinal obstruction,
which mainly occurs in younger children and nausea, vomiting and itching mainly occurring in older
children (7). Alternative analgesic drugs such as paracetamol or nonsteroidal anti-inflammatory drugs
(NSAIDs) may reduce opioid requirement, improve analgesia and reduce the adverse effects (56). These
concerns lead to the earlier mentioned randomized controlled trial of IV paracetamol vs continuous IV
morphine.

Paracetamol

Paracetamol is the most frequently used antipyretic and analgesic agent in children for the treatment of
fever or acute pain. The working mechanism of paracetamol is not yet fully understood. Considering the
analgesic, antipyretic and weak anti-inflammatory actions it is likely due to the inhibition of
prostaglandin synthesis in the central nervous system and in peripheral tissue (57). The analgesic effect
is likely due to interaction with the serotonergic system. Co-administration of receptor 5-HT3
antagonists completely blocks the effect of paracetamol (58). Several studies have determined
paracetamol metabolism in adults and children (59-61).
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Glucuronidation is the major pathway of paracetamol metabolism (50-60%), with an additional
contribution of sulfation (25-44%) and oxidation (2-10%). Glucuronidation and sulfation result in inactive
and non-toxic end products, which are excreted by the kidney. In the oxidation pathway the hepatic
cytochrome P450 forms mainly catechol and NAPQI (N-acetyl-p-benzo-quinone imine). NAPQl is
conjugated by glutathione into cysteine and mercapturic acid metabolites and eliminated in the urine or
bile (61). Interference with the conjugation of NAPQI may have clinical consequences. NAPQI is toxic and
in case of overdose causes mitochondrial dysfunction and centrilobular necrosis in the liver (60). In
children the glucuronide formation clearance, but not the sulphate formation increases with age. A
mature value for clearance was found in children who were approximately 8 months old (62). Several
studies show that, when used in therapeutic doses in children without liver dysfunction the safety
profile is excellent (61). In the past, concern has been raised about the association between paracetamol
use in early life and the development of asthma later in childhood (63). Recent evidence shows that this
association is entirely due to confounding by indication (64).

Enteral or rectal dosing is sufficient for mild to moderate pain. However, after major surgery rectal and
oral administration of paracetamol proved to be insufficient to reach a therapeutic level in 22% of all
patients. Furthermore there was a wide range in drug levels (65). Moreover, rectal paracetamol does
not reduce the morphine consumption after major surgery in young children (66). Potentially,
intravenous paracetamol performs better in case of severe or acute pain. The penetration of IV
paracetamol through an intact blood brain barrier has been shown in children who required a spinal
catheter for surgical procedures on the lower body. Paracetamol was detected in the spinal fluid within
5 minutes after injection of an intravenous bolus, with the highest concentration at 57 minutes after
injection (57). The rapid penetration of paracetamol in the central nervous system contributes to the
fast onset of the analgesic and antipyretic effect. In recent studies analgesic effect was seen within 15
minutes of administration in adults (67). Fever reduction was seen within 30 minutes (68).

Worldwide IV paracetamol is given in 3-4 dosages daily and not as continuous infusion. Even in adults
no data are available on the safety and efficacy profile of continuous paracetamol infusions, making this
approach ethically not justifiable for studies in children at this stage .

Data on paracetamol pharmacokinetics in children have been studied in several groups, including our
own. Pharmacokinetics of IV paracetamol in children until the age of 16 years have been described with
non-linear mixed-effect modeling, using weight, clearance and volume parameters in a two
compartment model, even though no children undergoing cardiac surgery were included in this study
(69, 70).

Pharmacogenetics

The interindividual variability observed in the analgesic requirement is the consequence of the diversity
in evoked response to the painful stimuli in an individual and the sensitivity to the drug. The amount of
pain experienced and the response to analgesia is depending on physiological, psychological and
environmental factors as well as genetic predisposition. Up to date a large number of candidate gene
studies has illustrated associations between genetic variants with opioid response (71, 72) and
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paracetamol efficacy (73). The genetic impact can arise from polymorphisms in genes that alter drug
levels (PK) such as metabolizing enzymes and transporters or in variants from genes relevant for the
nociceptive function such as the mu-opioid receptors.

As discussed previously one of the PK genes relevant for the hepatic elimination of morphine is UGT2B7.
The -842G>A (rs7438135) polymorphism of this phase-ll enzyme has been related with altered
morphine, M3G and M6G plasma levels in adults (74), which later was replicated in a pilot cohort with
preterm newborns (75). More recently other PK related genetic variants for morphine (ABCC3 and OCT1)
were also associated with morphine PK and PD (76-78)For paracetamol the *3 polymorphism in the
cytochrome P450 enzyme CYP3A5 has been associated with an enhanced NAPQI formation (79),
whereas a negligible amount of focus has been on CYP2E1, the more relevant enzyme in the formation
of this toxic metabolite (80). Also a few studies have been published focusing on the phase-ll
metabolism of paracetamol (73). A recently published meta-analysis illustrated that the highly
investigated polymorphism 118A>G (rs1799971) in the mu-opioid receptor (OPRM1) causes variability in
opioid requirement after surgery.

Current guidelines

There is only limited information on the PK And PD of morphine in children after cardiac surgery. Studies
show increased dosing of morphine but lack clear PD endpoints or detailed PK data (20, 21). PK data
from a cohort of 40 pediatric patients after cardiac surgery showed an increased volume of distribution
with a reduced overall clearance (81, 82). This is in line with adult data (23, 83).

Due to this lack of good quality evidence there is no clear consensus regarding analgosedation after
cardiac surgery in children and Guidelines are lacking. Our group has conducted a survey to evaluate
analgosedation practices in several large pediatric cardiac surgery centers. In this survey, all four
pediatric cardiac surgery centers in the Netherlands (Rotterdam, Leiden, Utrecht and Groningen) and 11
international pediatric cardiac surgery centers participated. In total, the participating centers treat over
3000 pediatric cardiac surgery patients annually. The survey revealed that 8 different opioids were used
in the 15 participating centers. Also, dosing regimens for the different drugs were found to vary per
center; for instance morphine was administered as continuous infusion from 5 to 100 mcg/kg/h in
infants and young children younger than 4 years of age. None of the centers distinguish between type
of cardiac surgical procedure when prescribing analgesic therapy.

Next to opioids, most centers use additional analgesia, such as paracetamol, diclofenac and ibuprofen in
varying doses without appropriate studies showing whether this multimodal approach is of any benefit.
The results of the survey are summarized in Appendix 1.

In conclusion

There are no clear guidelines regarding analgesia after cardiac surgery in children. The current standard
of care is morphine, with dosing ranging from 10-80 mcg/kg/h worldwide. However, morphine has
unwanted side effects, making an alternative analgesic agent desirable. Intravenous paracetamol is a
potential replacement as the primary analgesic in children after cardiac surgery and has an excellent
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safety profile. Moreover, there is substantial evidence from major non-cardiac surgery that IV
paracetamol is effective in reducing morphine doses in children. Therefore, this study will focus on the
reduction, or replacement, of morphine by intravenous paracetamol in children aged 0-36 months after
cardiac surgery. The results of this study will form the bases of a new pain management algorithm and
will be implemented at the participating ICUs, resulting in an evidence-based nationwide guideline on
post-operative pain after cardiac surgery in infants aged 0-36 months.

Hypothesis

It is our hypothesis that intermittent IV paracetamol is effective as the primary analgesic drug in post
cardiac surgery patients up to 3 years of age and that the use of IV paracetamol will reduce overall
morphine requirements.

Line of research

This research is strongly embedded in current Erasmus MC Sophia research collaborations ensuring
excellent support for this study. The pediatric intensive care department has a long standing experience
in conducting trials, including pediatric pharmacokinetic pain studies. A previous trial conducted at this
department evaluated the optimal way of administration of morphine in children between 0-3 years of
age for postoperative pain relief (MEC 1994-166). We have also conducted a previous study on
morphine versus paracetamol after non-cardiac major surgery in children (MEC 2007-355), of which the
results are recently published in JAMA (16). Intravenous morphine versus intravenous paracetamol in
children on extracorporeal membrane oxygenation (ECMO) was also studied in this department (MEC
2009-334).

In recent years several PhD students have obtained their doctoral degree on research in the pediatric
cardiac surgery population in the Wilhelmina Children’s Hospital at UMCUtrecht. The cerebral perfusion
during neonatal cardiac surgery has been investigated (MEC 08-090) (45, 84). Also, the pro-and anti-
inflammatory reaction after cardiac surgery in children has been studied. And a model for inflammatory
regulation at the PICU has been established (MEC 04/144) (85-87). A new line of research in pediatric
cardiac surgery patients is primarily aimed at better understanding the role of alarmins as mediator in
systemic inflammatory reactions taking place during and after surgery. An understanding of how the
immune response is activated by (surgically induced) trauma may provide the insights necessary to
improve the care for patients after the surgery (32, 88). Moreover, alarmins may serve as a potential
target for biological therapy (89).

The Dutch Expertise Center for Pharmacotherapy in Children operates from the Erasmus MC Sophia. We
also have a strong and long collaboration with the Leiden Academic Centre for Drug Research in Leiden.
Our group produced over 140 peer reviewed manuscripts and 14 PhD students graduated on the topic
of analgesics and sedation.

Research results from previous studies have been implemented at the pediatric intensive care unit
through guidelines, which are in use in daily practice. This has also been achieved for other projects who
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received funding from ZonMw, such as the study by Ceelie et al (16). The guidelines will be implemented
at all the pediatric ICU departments that participate in the study.
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2. Objectives

Primary objective:

To test the hypothesis that analgesia with intermittent intravenous paracetamol will lead to a morphine

sparing effect of at least 30% as compared to model-based continuous iv morphine infusion during the

first 48 hours after cardiac surgery in infants aged 0-36 months.

The primary outcome measure is the weight-adjusted cumulative morphine consumption (mcg/kg) in

the first 48 hours post-operatively.

Secondary objectives:

1. Incidence of adverse drug reactions

a.

c.
d.
e.

hemodynamically: hypotension or bradycardia, with the need for intervention by means

of medication or a fluid bolus.

Decreased gastro-intestinal motility or intestinal obstruction not directly related to the

underlying diagnosis and not previously existing, with the need for intervention.
Vomiting.

Number of re-intubations.

Pediatric delirium as measured by the SOS-PD-scale.

2. Non-inferiority analysis of comparing patients with one or more NRS pain scores 24 between

groups.

3. DNA analysis will be performed to evaluate the effect of gene polymorphisms on the PK of

analgesic medication.

Nowv s

Concomitant use of sedatives.

The number of hours on ventilation.

The length of PICU stay.

Role of alarmins in the systemic inflammatory response (only at Wilhelmina Children’s Hospital,

UMCUtrecht).
8. To develop a population PKPD-based post-operative pain management algorithm based on the
results of this trial.
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3. Study design

This study is a multi-center, prospective, randomized, double blind study comparing the total amount of
morphine needed in children aged 0-36 months who receive either intermittent intravenous
paracetamol intravenous + morphine rescue or a continuous iv morphine infusion + morphine rescue,
for the first 48 hours after cardiac surgery.

Blinding

The randomization schedule is kept by the local hospital pharmacist to ensure blinding until the end of
the study. Each hospital pharmacy will participate in the study.

In case of a medical emergency, for instance rise in liver enzymes, or in case the installed treatment is
not adequate in terms of sufficient pain relief the hospital pharmacist on call can be consulted what
medication was administered to a patient to take appropriate action.

In case of post-operative fever or re-operation the study medication will be stopped. This is described in
the section 6.4 ‘withdrawal of individual subjects’. The pharmacist does not have to reverse blinding of
the study medication to facilitate adequate treatment.
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4. Study population

4.1 Patients

Patients eligible to participate in the study will be infants and children aged 0-36 months admitted to
the ICU after cardiac surgery with the use of the CPB. Patients will be stratified per participating ICU.

4.2 Inclusion criteria
e Informed consent,
e Neonate / infant aged 0-36 months,
e Cardiac surgery with the use of CPB.

4.3 Exclusion criteria
e No informed consent
e Known allergy to or intolerance for paracetamol or morphine,
e Administration of opioids in the 24 hours prior to surgery.
e Hepatic dysfunction defined as three times the reference value of ALAT/ASAT.
e Renal insufficiency defined as Pediatric RIFLE category - injury, defined as estimated creatinine
clearance reduced by 50% and urine output <0.5 ml/kg/h for 16 hours.

4.4 Pre-operative liver and renal function will only be screened as part of standard care or when
there is a clinically relevant reason to evaluate liver and renal function. No additional screening
will be performed only for the study purposes. No additional blood draws will take place for this
evaluation. Sample size calculation

The primary outcome measure is the weight-adjusted cumulative morphine consumption (mcg/kg) in
the first 48 hours post-operatively. We estimate that the required morphine dose in the paracetamol
group can be reduced by at least 30% compared to the morphine group in the first 48 hours after
surgery. This is in line with the outcome of a previous study we conducted in a similar patient group
with similar study medication (MEC 2007-355) (16).

The power analysis is based on a comparison of the primary outcome between groups using a Mann-
Whitney test (i.e. the unstratified version of the Van Elteren test). A simulation study was done for this
power analysis using data on the cumulative morphine dose from a previous study with comparable
morphine dosing (16). Based on this data set, the median cumulative morphine dose was 357 mcg/kg
(IQR: 220-605) in the control group, and we assumed that this morphine dose will be reduced by 30% in
the intervention group. The simulation study showed that using a two-sided significance level of 5%, 86
patients per group will be required to obtain a power of 95%. To account for the effects of stratification
by centre in the Van Elteren test and missing data, we will include 104 patients per study arm, 208 in
total. We expect this sample size to also be sufficient to assess secondary outcomes.

These observations come from a population aged 0-12 months, but we do not suspect larger differences
for our older infants (and even smaller differences).
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As described above, the primary endpoint of the study is the total amount of morphine administered

in the first 48 hours after surgery. Any additional morphine given will be based on NRS scores of 4 and
higher. In a secondary, noninferiority analysis, we will therefore also compare the number of patients
with one or more NRS scores of 4 and higher between the two groups, using a non-inferiority margin of
20%. Non-inferiority will be assessed using a one-sided 97.5% confidence interval for the difference in
the percentage of patients with at least one NRS score of 4 or higher between the paracetamol group
and the morphine group, and non-inferiority will be proven if the upper limit of this confidence interval
is lower than 20%. The confidence interval will be calculated using the method of Klingenberg (Stat Med
2014), with adjustment for center. Using data from our previous study (16) on Paracetamol and
morphine it is estimated that 60% of all patients will have one or more NRS scores >3. Using a simulation
study, we calculated that to detect non-inferiority with a power of 75%, 200 patients (100 per group)
are required. Even though the power is 75%, this is considered to be sufficient for this secondary
endpoint. This secondary non-inferiority analysis can be done with the 208 patients per group that
resulted from the samples size calculation for the primary endpoint.
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5. Treatment of subjects

5.1 Investigational product/treatment

All patients will receive a loading dose of morphine 100 mcg/kg in the OR which is based on the results
of the survey (Appendix 1). After the loading dose, patients are randomized to either receive a
morphine continuous infusion or intermittent intravenous paracetamol. Intravenous paracetamol and
intravenous morphine are both registered for the Dutch market for pain relief. There is extensive clinical
experience with the use of paracetamol and morphine in neonates and children. Patients in the
intervention group receive intermittent intravenous paracetamol after the loading dose of morphine
100 mcg/kg.

Control group

Patients in the control group will receive a continuous morphine infusion. Based on our PK data on
morphine in non-cardiac pediatric patients (10, 14), adult post cardiac surgery patients (23) as well as
the data on 40 pediatric post cardiac surgery patients we developed a new morphine dosing regimen for
neonates and children aged 0 to 36 months. The morphine dosing regimen is added to the research
protocol as appendix 2.

Use of co-intervention

Standard postoperative care is given to all patients with analgesics recue medication described under
5.2. The use of sedatives is standardized for the participating ICUs according to the treatment algorithm
used at the Erasmus MC-Sophia (Appendix 3).

5.2 Rescue analgesic medication

Rescue morphine is administered whenever the Numeric Rating Scale (NRS) pain is equal to or greater
than 4, as is part of standard clinical care (see our postoperative pain protocols, Appendix 4).

Additional morphine will be administered every 10 minutes whenever needed, with a maximum of three
times per hour. Standard additional dose of morphine is 10 mcg/kg for individuals aged <10 days
postnatal age and 15 pg/kg for individuals aged =10 days .

Ten minutes after each extra dose of morphine, pain is re-assessed. If there is no improvement in the
scores (i.e. NRS > 4) after three additional (rescue) doses, a continuous morphine infusion is started in a
separate pump (to ensure blinding). Whenever pain is not responding to the extra morphine boluses
and the additional continuous morphine infusion in a maximum dose of 30 mcg/kg/h, fentanyl is started
at 1-2 mcg/kg loading dose and 1-3 mcg/kg/h continues infusion. At the start of fentanyl, morphine will
be discontinued. In case of discomfort (Comfort-B score >22or COMFORT-B score between 11 and 22
but NISS suggesting undersedation) midazolam is started (Appendix 3). Sedation protocols are already
very comparable between the participating ICUs, regarding the primary sedatives. Standardized sedation
will be part of the treatment protocol (see sedation protocol, appendix 3). This treatment algorithm is
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similar with the one used in the recent study comparing morphine and paracetamol in non-cardiac
patients (MEC 2007-355) (16).

In both groups, continuous morphine infusion (if started) will be decreased in the second 24 hours
depending on the NRS and COMFORT-B score. (see appendix 4)
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6. Methods

6.1 Main study parameter/endpoint
Cumulative morphine dose over 48 hours in mcg/kg.

6.1.1 Secondary study parameters/endpoints (if applicable)

e Level of pain assessed by validated PD instruments until 48 hours after stop study medication

e Variation in nurse and parent evaluation of pain or discomfort

e Incidence of adverse drug reactions

e Incidence of concomitant use of sedative

e Hours on ventilation

e Incidence of over- and undersedation

e Incidence of withdrawal syndrome and pediatric delirium

e The length of PICU stay

e Observe the changes in the HPA-axis as a response to critical illness .

e Assess the influence of iv morphine on the changes in the HPA axis in critical ill infants after
cardiac surgery.

Other endpoints

e Use of corticosteroids

e Parents postoperative pain measurement two days after discharge (PPPM-SF)

e Role of alarmins in the systemic inflammatory response (only at Wilhelmina Children’s Hospital,
UMCUtrecht).

6.1.2 PD outcome measurements

PD outcomes will be measured using validated instruments. Both analgesia and sedation need to be
assessed (Appendix 5). Pain and discomfort can interact, making accurate assessment difficult.
Therefore, the use of concomitant sedative drugs will be standardized in the participating ICUs. The
COMFORT-Behavior scale (COMFORT-B scale) is a pain and distress assessment instrument that asks
observers to consider the intensity of six behavioral manifestations: Alertness, Calmness, Respiratory
response (for mechanically ventilated children) or Crying(for spontaneously breathing children), Body
movements, Facial tension and Muscle tone. For each of these items, five descriptions, rated from 1-5,
are provided reflecting increasing intensity of behavior in question. Summating the ratings of the six
behavioral manifestations leads to a score ranging from 6-30. The COMFORT-B scale has been
extensively validated in postoperative infants with and without Down syndrome and in infants after
major cardiac surgery. The COMFORT-B scale has also been validated in the use in pre-verbal children
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(90-93). These instruments have also been used in several previous studies, including the one published
by Ceelie, JAMA 2013 (MEC 2007-355) (16).

The Numeric Rating Scale pain (NRS pain) is used in conjunction with the COMFORT-B scale to represent
the rater’s expert opinion (94).

Parents will be able to participate in rating the pain in their children, using the Numeric Rating Scale
Pain (NRS-pain) (Appendix 6). This scale asks the parents to rate pain with a number from 0 (no pain) to
10 (worst pain possible). This will be used alongside the nurses NRS and COMFORT-B scale. In the
current study we will ask the parent to apply the NRS after the nurse has entered her NRS in the patient
data management system. When the two score differ significantly (one of the two applies a score> 3 and
the other not) they will discuss the reason for their score. Both nurses and parents will receive a very
short instruction explaining the different factors that should be take into account when assigning the
NRS.

Parents participation will be on a voluntary basis. In agreement with the patient associations we believe
that some parent may want to participate more actively in the detection and rating of pain in their
children. If parents indicate that active participations is not wanted anymore, they will be able to stop at
any time. Variation in nurse and parent evaluation of pain or discomfort will be analyzed as a secondary
endpoint.

The Nurse Interpretation of Sedation Score (NISS) has been validated for this age group and represents
the caregiving nurse’s expert opinion scored as 1= undersedation, 2= adequate sedation, or 3=
oversedation (94).

Follow-up will consist of the “parents postoperative pain measurement” (PPPM-SF) to complete after
discharge from the hospital (Appendix 7). This will record the pain perception and management at home
after surgical intervention (95). Parents will be called two days after discharge to inform after the child
health and to take the questionnaire. Also parents will have the change to ask questions considering the
daily care of the child. The patient association representatives stated that parents often have questions
about the daily routine that they did not ask in the hospital. Calling after discharge provides the
researcher the change of the follow-up and allows parents to gain additional information about their
daily routine. The centre specific researcher will call the parents and will forward any medical related
guestions to the designated physician.

Opioid withdrawal and pediatric delirium and can cause problems on the ICU. Withdrawal can be
difficult to treat and sometimes it takes months before the patient is completely free of symptoms.
However, withdrawal mostly occurs after a prolonged opioid use of at least five days. Delirium is
observed frequently after cardiac surgery, occurring shortly after surgery. Delirium has been shown to
increase post-operative morbidity (78, 96).

The Sophia Observation withdrawal Symptoms-scale (SOS) has been validated to detect withdrawal
syndrome in critically ill children. It contains 15 items that are scored either not present (0) or present
(2). A score of 4 or higher suggests withdrawal syndrome (97).
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Pediatric delirium in our study will be assessed with the SOS-PD (Appendix 8). The SOS-PD consists of 17
items representing (behavior) symptoms pediatric delirium with explanations where necessary. The
maximum total sum score is 17 points. A total score of at least 4 was used as a cut-off for delirium or
when the item “hallucination” is scored positive. According to standard local protocol a pediatric
psychiatrist will be consulted in case of delirium. Treatment of delirium will be done according to local
protocol.

Severity of illness will be estimated with the validated Pediatric risk of Mortality-lll score (98) together
with the more specific Risk Adjusted Classification for Congenital Heart Surgery (RACHS-1) score (99). All
Dutch hospitals use the Aristotle score to classify the congenital cardiac surgery patients. This Aristotle
score will also be used to estimate the severity of surgical procedure and to compare the two groups
with respect to the surgical intervention (100, 101). The PELOD-2 score will be used to assess the
severity of cases of Multiple Organ Dysfunction Syndrome in the PICU on day 0, 1 and day 2 (102).

An advisory board is already established composed of representatives from two patient associations
(Stichting Kind en Ziekenhuis, en Patientvereniging Aangeboren Hartafwijkingen). Also prof. John van
den Anker, a professor in neonatology and clinical pharmacology and dr. Maarten Witsenburg a
pediatric cardiologist partake in the advisory board. The advisory board has been involved in the design
of the study.

Adverse drug reactions:

Respiratory:

Number of re-intubated patients during the study period in each group.
Duration of mechanical ventilation in hours in each group.

3. Number of apnea episodes as defined by Sp0O2 <94% or respiratory rate <20/min longer that 30
seconds.

Hemodynamically:

1. Hypotension with the need for vaso-active medication or fluid boluses.
2. Bradycardia (>30 seconds).

Gastro-intestinal:

Decreased gastro-intestinal motility or intestinal obstruction not directly related to the underlying
diagnosis and not previously existing, with the need for intervention. Pre-operative the intestinal status
will be noted. Post-operative, the patient will be examined daily for signs of obstipation, nausea and
vomiting.

Other:

Regular laboratory screening is part of the standard care on the PICU. Specific laboratory values will be
registered in the study database. This will give informative on respiratory and hemodynamic status, liver
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and renal function and inflammation. Post-operative liver and renal function will only be screened as
part of standard care or when there is a clinically relevant reason to evaluate liver and renal function. No
additional screening will be performed only for the study purposes. No additional blood draws will take
place for this evaluation. Also vital parameters are registered during PICU stay in electronic patient
chart (PDMS), which all participating centers use.

6.1.3 PK analysis and Blood sampling regimen:

Day 0 (surgery) Day 1 post surgery Day 2 post surgery 1 week after surgery

1. After insertion of arterial line, sampling for DNA analysis (1 ml). Only at Erasmus MC-Sophia
Children’s Hospital and UZ Leuven: sampling for ACTH and cortisol (1 ml). Only at Wilhelmina
Children’s hospital: sample for alarmins analysis (0.5ml)

2. Stop cardiopulmonary bypass, first PK blood sample (1 ml).

3. Loading dose morphine 100 mcg/kg (1 ml). Only at Erasmus MC-Sophia Children’s Hospital and
UZ Leuven: sampling for ACTH and cortisol (1 ml).

4. Start study medication (IV paracetamol or IV morphine); 2 hourly pain and sedation assessment
commences (1 ml).

5. Second PK blood sample (T= 30-60) (1 ml).

6. Third PK blood sample (T= 180-240) (1 ml). Only at Wilhelmina Children’s hospital: sample for

alarmins analysis (0.5ml).
7. Repeated blood measurements during morning, afternoon and evening standard rounds (1 ml).
Only at Erasmus MC-Sophia Children’s Hospital and UZ Leuven, first and second morning after
surgery: sampling for ACTH and cortisol (1 ml). Only at Wilhelmina Children’s hospital: sample
for alarmins analysis 24 hours after surgery (0.5ml).
End of study 48 hours after start study medication(1 ml). Only at Wilhelmina Children’s hospital:
sample for alarmins analysis (0.5ml). Follow up of pain and sedation assessment during hospital
stay (PICU and general ward).
9. Two days after discharge short telephone interview

o

Blood samples will be drawn for PKPD analysis, using an indwelling arterial catheter. Blood samples will
be taken at three standard moments during the day, after admission to the ICU. Also, samples will be
taken before and after changes in the dose of analgesic medication. The PK sampling regimen uses a
advised timeframe per sample to ensure a fairly regular distribution of samples. Also, this timeframe
enables the PDMS system to send an order to the nurse to draw blood for the PK samples. However, The
PK analysis program NONMEM does not use timeframes, it uses the exact time of the blood draw and
distribution thereof does not have to be regular. Therefore, if the PK samples are taken outside the
timeframe they are equally useful for PK analysis. Considering this, no violation-to-protocol or protocol
deviation report has to be made if a PK sample is taken outside the timeframe.

Because of ethical restriction not more than 5% of the total blood volume will be drawn from the
patient. Prior to the start of the study this will be determined. PK samples will thus be obtained by
sparse sampling, with a minimal burden to the individual patients. Using population pharmacokinetics
analysis the data points from the individual subjects will be combined to form solid pharmacokinetic
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data on morphine and paracetamol and their metabolites, since these metabolites are biologically
active. The population PK analysis will be done using non-linear mixed effect modelling (NONMEM).

Cortisol and ACTH blood sampling for analysis of the HPA-axis will only take place at Erasmus MC-Sophia
Children’s Hospital and UZ Leuven. Blood samples will be taken during the standard morning round,
using the same indwelling arterial catheter. These additional blood samples will not exceed 2-4ml in
total. Including these 2-4 ml, the total blood sampling will be within the range of less than 5% of total
blood volume. Blood samples will be collected in prechilled ethylenediaminetetraacetic acid (EDTA) 1ml
tubes, immediately placed on iced, centrifuged at 4°C, and then stored at -80°C until assay.

Blood sampling for analysis of the alarmins will only take place at the Wilhelmina Children’s Hospital.
Blood samples will be simultaneously with PKPD blood samples, using the same indwelling arterial
catheter. These additional blood samples will not exceed 2 ml in total. Including these 2 ml, the total
blood sampling (PKPD and alarmins) at the Wilhelmina Children’s Hospital will be within the range of
less than 5% of total blood volume.

DNA analysis will be performed to evaluate interindividual variability drug responses . Genetic variability
of morphine and paracetamol will be the main focus.

Urine samples will be collected in portions every 6 hours from the indwelling catheter. Morphine
metabolites will be determined.

6.2 Randomization, blinding and treatment allocation

Blocked randomization with randomly chosen block sized and stratification by center will be used. The
randomization schedule will be kept in the local pharmacy at every center. The pharmacist is the only
person to have access to the randomization schedule to ensure concealed allocation. The randomization
schedules are made by the study’s biostatistician. Study medication will be prepared at the participating
centers. By the start of the trial all centers will have the mandatory certificates concerning the
preparation and labelling of the study drugs. We will use standard morphine and paracetamol
formulations.

The randomization schedule is kept by the pharmacist to ensure blinding until the end of the study. In
case of a medical emergency the pharmacists can be consulted what medication was administered to a
patient.

Blinding is assured by the use of NaCl 0.9% continuous infusion (in the paracetamol group) or NaCl 0.9%
bolus (in the morphine group).

If discharge from the ICU occurs within 48 hours after surgery, the study medication will be continued
on the ward. The arterial catheter will be removed at discharge from the ICU. PK sampling on the ward
will only be done simultaneously with routine blood examination. The patient will not suffer additional
punctures. At 48 hours after surgery, the study medication will be changed to open label paracetamol
and rescue morphine if needed.
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6.3 Study procedures
Anesthesia

Anesthetic management during surgery is known to the investigators and will be standardized as much

as possible. A blood sample from the patient will be taken at time T=0. Unexpected differences found at

later time points can be linked to differences in anesthetic management. Anesthetic management is
described in more detail in the appendix (appendix 9).

Patients planned for cardiac surgery

J

Informed consent

J

Randomization per center / stratification per center

y

Intra-operative management per center.

Loading dose morphine 100 mcg/kg at the end of anesthesia

v N\

Paracetamol intravenous Morphine intravenously
Dosing, see appendix 2 dosing, see appendix 2
+ continue NaCl 0.9% pump + 4 times daily boluses NaCl 0.9%

N

Step 1: patient in pain (NRS 24)

Morphine bolus (rescue) besides the study medication (paracetamol or morphine)
Morphine in individuals aged <10 days: 10 pg/kg
Morphine in individuals aged > 10 days: 15 pg/kg

y

Step 2: after three boluses in one hour without improvement of the NRS (NRS = 4):
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Give morphine 100 pg/kg loading dose and continuous infusion starting at 10mcg/kg/h, infusion can be
increased until 30 mcg/kg/h (treatment protocol appendix 4)

(using an extra pump to ensure blinding)

In addition to study medication (paracetamol or morphine)

Repeat step 1 and 2 (if NRS 2 4)

V

Consequently: maximum morphine background reached after increasing the morphine two times
besides the study medication

y

Insufficient pain relief with maximum morphine background infusion:

start fentanyl (VAS > 4). fentanyl is started at 1-2 mcg/kg loading dose and 1-3 mcg/kg/h continues
infusion

or midazolam (in case of discomfort) (Comfort-B score > 17). Midazolam loading dose 0.1 mg/kg,
infusion start at 100 mcg/kg/h, increase to 300 mcg/kg/h

y

In case of insufficient pain relief with maximum additional medication:

collecting patient characteristics

y

END of study;

48 hours postoperative. Change from study medication to open label paracetamol with rescue
morphine, if needed.

6.4 Withdrawal of individual subjects

Patients can be withdrawn from the study at any time by the investigator or the treating physician. The
intention-to-treat analysis will include all subjects. The subjects that have been withdrawn during the
study will be included only for the time period in which they have participated. The cumulative
morphine requirement will be calculated for the time that the patient participated in the study.

6.4.1 Specific criteria for withdrawal
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e Withdrawal of informed consent.

e The patient shows signs of hypersensitivity or an allergic reaction to either morphine or
paracetamol.

e Ifthere is a need for a re-operation within 48 hours after the initial surgical procedure.

e In case of ECMO treatment after surgery.

e [f there is hepatic dysfunction defined as three times the reference value of ALAT/ASAT.

e Renal insufficiency defined as RIFLE category injury

e Use of muscle relaxants after surgery for the duration of 3 hours of longer.

e Temperature of 38.5 after surgery for the duration of 6 hours or longer.

6.5 Replacement of individual subjects after withdrawal
Individual subjects will not be replaced after withdrawal.

6.6 Follow-up of subjects withdrawn from treatment

All patients will be followed during their stay in the PICU with a minimum of 48 hours. After discharge of

the PICU the follow-up will be continued at the Medium Care department. We expect that some
patients will be discharged from the PICU within 48 hours, depending on the cardiosurgical procedure.

6.7 Premature termination of the study

The Data Safety Board will monitor the need for rescue morphine. If the need for rescue morphine is too

high for the paracetamol group, the study will be stopped.
The Data Safety Monitoring board has already been installed. The trial design has been submitted and
evaluated by the DSMB in the first meeting.
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7. Safety reporting

7.1 Section 10 WMO event

In accordance to section 10, subsection 1, of the WMO, the investigator will inform the subjects and the
reviewing accredited METC if anything occurs, on the basis of which it appears that the disadvantages of
participation may be significantly greater than was foreseen in the research proposal. The study will be
suspended pending further review by the accredited METC, except insofar as suspension would
jeopardise the subjects’ health. The investigator will take care that all subjects are kept informed.

7.2 AEs and SAEs

7.2.1 Adverse events (AEs)

Adverse events are defined as any undesirable experience occurring to a subject during the study,
whether or not considered related to (the investigational product / the experimental intervention). All
adverse events reported spontaneously by the subject or observed by the investigator or his staff will be
recorded.

7.2.2 Serious adverse events (SAEs)
A serious adverse event is any untoward medical occurrence or effect that at any dose:

- results in death;

- is life threatening (at the time of the event);

- requires hospitalisation or prolongation of existing inpatients’ hospitalisation;

- results in persistent or significant disability or incapacity;

- is a congenital anomaly or birth defect;

- Any other important medical event that may not result in death, be life threatening, or require
hospitalization, may be considered a serious adverse experience when, based upon appropriate
medical judgement, the event may jeopardize the subject or may require an intervention to
prevent one of the outcomes listed above.

Adjustments to SAE reporting for this study:

e SAE and AE will be reported until follow-up, two days after hospital discharge. Follow-up will be
15 days after cardiac surgery, at the latest. Follow-up of SAE and AE after trial phone follow-up is
difficult since often these patients are treated by paediatricians or paediatric cardiologists in
other hospitals. Also, patients frequently need repeated surgery or other procedures that are to
be expected due to their congenital cardiac defect.

e If follow-up is not possible because parents cannot be contacted by phone, SAE and AE will be
reported until 15 days after cardiac surgery.

e The above mentioned definition of the follow-up period for SAE and AE is supported by the fact
that all reported SAEs and AEs so far have not been linked to trial proceedings by the DSMB and
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the METC/CCMO. Also, the patient receives the trial medication in the first 48 hours after
surgery and is followed for another 48 hours by pain- and sedation scores. We do not expect any
adverse events to occur resulting from the trial medication 13 days after the trial medication has
ended.

All SAEs will be reported to the accredited METC that approved the protocol, according to the
requirements of that METC. All SAEs will be reported to the CCMO. Every center will report its own SAEs
to the CCMO and to the coordinating investigator. The coordinating investigator will report the SAEs to
the METC.

The sponsor will report the SAEs through the web portal ToetsingOnline to the accredited METC that
approved the protocol, within 15 days after the sponsor has first knowledge of the serious adverse
events.

SAEs that result in death or are life threatening should be reported expedited. The expedited reporting
will occur not later than 7 days after the responsible investigator has first knowledge of the adverse
event. This is for a preliminary report with another 8 days for completion of the report.

7.3 Follow-up of adverse events

All AEs will be followed until they have abated, or until a stable situation has been reached. Depending
on the event, follow up may require additional tests or medical procedures as indicated, and/or referral
to the general physician or a medical specialist.

SAEs need to be reported till end of study within the Netherlands, as defined in the protocol.
7.4 Data Safety Monitoring Board (DSMB)

A data safety board is established composed of pediatric intensivists and cardio-anesthetists with
extensive clinical and research experience in the field of analgosedation on the PICU. The board consists
of three doctors and a biostatistician, who also have experience in medication trials. Dr. Paola Cogo is
the head of the cardiac pediatric ICU of the Bambino Gesu Hospital in Rome. Dr. Cormac Breatnach is a
pediatric intensivist at the department of Paediatric Intensive Care Medicine at Our Lady’s Children’s
Hospital, Dublin. The third member of the board and chairperson is Prof. Mr. Dr. Bas de Mol,
cardiothoracic surgeon from the Medical University Hospital Amsterdam (AMC). Sten Willemsen joins
the DSMB as an independent statistician. The members of the safety board have evaluated the study
design during the first meeting and will receive regular updates on the status of the study. All SAE will be
reported to the DSMB chairperson immediately.

A DSMB charter is drafted and includes; funding of the DSMB, a time schedule of meetings, DSMB
participants and responsibilities, monitoring of the study progress, monitoring of the recruitment
process, protocol violations, treatment failure, data management, number and nature of SAEs. After
every review the DSMB will give recommendation regarding the appropriateness of continuing the
study, from a safety prospective as well as any other recommendations relevant to the study conduct
and / or patient safety.
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8. Statistical analysis

The non-parametric Van Elteren test with stratification by center will be used to compare the primary
outcome of cumulative age-adjusted morphine between groups. The secondary outcomes in the two
groups will be compared using linear regression analysis with group and treatment center as categorical
variables.

Analysis of secondary outcomes will include length of PICU stay, number of hours on ventilation,
concomitant use of sedatives, adverse drug reactions. Adverse drug reactions will be specified in
hemodynamically, gastro-intestinal, respiratory or pediatric delirium, as previously described in section
two.

Analysis using robust regression models will be performed with cumulative rescue morphine (first 48
hours) as outcome variable and group (morphine vs paracetamol) as predictor variable. We will apply
this method for the reason that this outcome variable is most likely non-normally distributed. Center
and Down syndrome (yes/no), cyanotic vs non-cyanotic, will be added as covariates.

Any additional morphine given will be based on NRS scores of 4 and higher. In a secondary, non-
inferiority analysis, we will therefore also compare the number of patients with one or more NRS scores
of 4 and higher between the two groups, using a noninferiority margin of 20%. Non-inferiority will be
assessed using a one-sided 97.5% confidence interval for the difference in the percentage of patients
with at least one NRS score of 4 or higher between the paracetamol group and the morphine group, and
non-inferiority will be proven if the upper limit of this confidence interval is lower than 20%. The
confidence interval will be calculated using the method of Klingenberg (Stat Med 2014), with adjustment
for center. Adverse effects and other proportions will be compared between groups by using Fisher’s
exact tests, and the uncertainty in these estimated proportions will be assessed using 95% confidence
intervals. Level of significance will be set at 5%, and all tests will be two-sided. Non-linear mixed effect
modelling (NONMEM) will be used to assess population pharmacokinetic analysis. More details are
described in paragraph 6.1.3.

Morphine and its metabolites and paracetamol and its metabolites will be measured with Liquid
chromatography-mass spectrometry. Non-linear mixed effect modelling (NONMEM) will be used to
assess population pharmacokinetic and pharmacodynamic analysis.

36
Version 4, 14-06-2018. Protocol ID NL53085.078.15



PACS study; Pediatric Analgesia after Cardiac Surgery.

9. Ethical considerations

9.1 Regulation statement

The study will be conducted to the principles of the declaration of Helsinki (version 2013) and in
accordance with the Medical Research Involving Human Subjects Act (WMO).

9.2 Recruitment and consent

The paediatric cardiologist first informs the parents of patients who require cardiac surgery about the
PACS study by means of a general flyer. The cardiologist will give parents this flyer at the outpatient
clinic, several weeks before the operation. This allows parents more time to familiarize themselves with
the PACS study. The flyer contains information on the PACS study, such as study aim and study
procedure. The flyer informs the parents that they will approached by the researcher before the
operation for study participation. Patients who require more information are redirected to the website
of the paediatric ICU of the Erasmus MC — Sophia children’s hospital. This website contains more
detailed information on the PACS study as well as background information on the ward and the
experience of the ICU with pain and sedation trials. The official patient information will be available
through a link on this website.

Patients are admitted to the general ward the day before the cardiac surgery. The parents of the patient
and/or his legal representatives will then in person be informed about the study by the investigator. It is
not possible to involve the treating physician in the informed consent procedure, since there are several
specialisms involved in the care of these children. The paediatric cardiologist takes care of the children
in the general ward, but during the PACS trial the child will mostly be in the care of the cardiac surgeon,
the paediatric cardio-anaesthesiologist and the paediatric intensivist. For the sake of continuity the
informed consent procedure will be done by dedicated researchers.

Parents of the patient and/or the legal representatives, have until the next morning after talking to the
researcher to consider participating in the PACS study. Parents hwo have read the general flyer from the
cardiologist will have had more time to consider participating in the PACS study. They will also have had
the opportunity to gather more background information on the trial and the PICU of the Erasmus MC-
Sophia children’s hospital.

9.3 Objection by minors or incapacitated subjects (if applicable)

Sampling will be done from the arterial line which all patients have after surgery. Since this is not an
invasive procedure, we do not expect any resistance from the child.

9.4 Benefit and risks assessment, group relatedness

The risks and burdens associated with this study are negligible. Blood samples are only taken from an
indwelling arterial catheter, which is already in place for clinical purposes). Sedation and pain scores are
observational procedures already performed for clinical purposes. Possible burden and risk of
participating in the study is the risk of insufficient analgesia after cardiac surgery with intermittent
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intravenous paracetamol. Given previous studies on the postoperative efficacy of paracetamol in
children after major non cardiac surgery, this risk is considered low. Moreover, morphine will be
administered as rescue medication in case of insufficient analgesia in both groups.

This research is group-related as data for healthy adults or healthy children cannot be extrapolated to
these hemodynamically compromised, critically ill children who need the medication prescribed.

Standard therapy for the relief of pain in these children is normally performed through the
administration of morphine, which has several adverse drug reactions especially in the patient group
described in this protocol. To reduce the adverse reactions it is necessary to have an alternative (co-
Jmedicine for the use of pain relief. Intravenous paracetamol is potentially the replacement or additive
analgesic drug for morphine and may therefore reduce the occurrence of morphine related adverse
drug reactions. Previous studies showed analgesic effects of paracetamol, when administered
intravenously in children undergoing major non-cardiac surgery. Moreover, all patients in this study
receive a loading dose of 100 ug/kg morphine at the end of surgery and rescue doses are morphine are
foreseen according to a strict analgesic protocol (appendix 4)

9.5 Compensation for injury
The sponsor/investigator has a liability insurance which is in accordance with article 7 of the WMO.

The sponsor (also) has an insurance which is in accordance with the legal requirements in the
Netherlands (Article 7 WMO). This insurance provides cover for damage to research subjects through
injury or death caused by the study.

The insurance applies to the damage that becomes apparent during the study or within 4 years after the
end of the study.
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10. Administrative aspects and publication

10.1 Handling and storage of data and documents

Data and blood samples will be stored for 15 years, using a subject’s identification code list, of which the
key will be accessible to the researcher. The investigator will arrange for retention of the subjects
identification code list for at least discontinuation of the trial. Subjects’ files will be kept for the
maximum period of time permitted by the center. Other documentation belonging to the trial will be
archived for 15 years in the investigator file.

10.2 Monitoring and Quality Assurance
Monitoring will take place in accordance with the monitoring plan in appendix 10.
10.3 Amendments

Amendments are changes made to the research after favourable opinion by the accredited METC has
been given. All amendments will be notified to the METC that gave a favourable opinion.

10.4 Annual progress report

The investigator will submit a summary of the progress of the trial to the accredited METC once a year.
Information will be provided on the date of inclusion of the first subject, numbers of subjects included
and numbers of subjects that have completes the trial, serious adverse events, other problems and
amendments.

10.5 End of study report

The investigator will notify the accredited METC of the end of the study within a period of 8 weeks. The
end of the study is defined as the last patient’s last visit.

In case the study is ended prematurely, the investigator will notify the accredited METC within 15 days,
including the reasons for the premature termination.

Within one year after the end of the study, the investigator/sponsor will submit a final study report
with the results of the study, including any publications/abstracts of the study, to the accredited METC.
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Appendix 1: summary of results worldwide survey
Table 1: summary of analgesic drugs prescribed to children after cardiac surgery.

Age groups | NL EU Non-EU
Neonates - morphine IV bolus 100 - morphine IV bolus 50-200 mcg/kg - morphine IV bolus 50-100
0-28 days mcg/kg - morphine IV 10-30 mcg/kg/h mcg/kg
- morphine continue IV 10- - piritramide IV bolus 0.2 mg (<15kg) | - morphine IV 5-20 mcg/kg/h
40 mcg/kg/h - piritramide 1.2 mg/kg/day
- fentanyl 1-5 mcg/kg/h - fentanyl IV bolus 1-2 mcg/kg
- paracetamol IV 7.5 mg/kg | - fentanyl IV 2-6 mcg/kg/h
Qsh - remifentanil IV bolus 1 mcg/kg
- paracetamol PR 60-90 - remifentanil IV 0.1-0.2 mcg/kg/min
mg/kg/day - sufentanil 1- 2 mcg/kg/h
- paracetamol IV 7.5 mg/kg Q6h
- paracetamol PR 15-20 mg/kg Q8h
- metamizol IV 40 mg/kg
- dexketoprofen IV 0.5-1 mg/kg
Infants - morphine bolus IV 100 - morphine IV bolus 50-500 mcg/kg, - morphine IV bolus 50-100
29 days—3 | mcg/kg - morphine IV 20-60 mcg/kg/h mcg/kg
years - morphine continue IV 10- - piritramide IV bolus 0.05-0.4 mg/kg | - morphine IV 10-40
40 mcg/kg/h - piritramide IV 1.2 mg/kg/day mcg/kg/day
- fentanyl 1-5 mcg/kg/h - fentanyl IV bolus 1-2 mcg/kg - dexmedotomidine IV bolus
- paracetamol IV 7.5-15 - fentanyl IV 2-6 mcg/kg/h 50 mcg/kg
mg/kg Q6h - remifentanil IV bolus 1 mcg/kg - dexmedotomide IV 0.5-1.5
- paracetamol PR 60-90 - remifentanil IV 0.1-0.2 mcg/kg/min | mcg/kg/min
mg/kg/day - sufentanil 1- 2 mcg/kg/h - paracetamol PO 15 mg/kg,
- diclofenac (>3 months)2-3 | - dexmedetomidin 0,5 mcg/kg/h Q6h
mg/kg/day - paracetamol IV. 7.5-15 mg/kg Q6h
- paracetamol PR 15mg/kg Q8h
- diclofenac (> 6 months) PR 1mg/kg
Qsh
- ibuprofen PO bolus 5-10 mg/kg
- dexketoprofen 0.5-1 mg/kg
- metamizol 40 mg/kg
Pain and - COMFORT-B - COMFORT-B - COMFORT-B
sedation - NRS - NRS - Bedsite assessment of nurse
assessment | - VASobs - VASobs and doctor
method - vital parameters and - BSS
clinical observation nurse - FLACC
and doctor - LLANTO SCALE

Results of a self-reported survey. Participants: Erasmus MC-sophia, Rotterdam; LUMC, Leiden; UMC
Utrecht; UMC Groningen; Our Lady’s Childrens Hospital, Crumlin; Childrens Hospital Bambino Gesu,
Rome; Royal Brompton Hospital, London; Royal Children’s Hopital, Melbourne; University Hospital,

Leuven; University Hospital La Paz, Madrid; Starship Childrens Hospital, Auckland; Hospital for sick
children, Toronto; German Heart Center, Munich; Queen Silvia Hospital Gothenburg, Memorial
Hospital — Child Health Center, Warschau.
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Appendix 2: morphine dosing regimen

All patients will receive a loading dose of morphine at the end of surgery. The loading dose will be
100 mcg/kg morphine. In hemodynamically unstable patients this loading dose can be given in two

hours, preferably the total dose will remain 100 mcg/kg/h.
After the loading dose patients will receive the study medication. Paracetamol dosing will be according

to Dutch guidelines. Morphine dosing will be based on data from cardiac and non-cardiac surgery
patients aged 0-3 years (81, 103). This data comes from participants in previous trials (11, 15, 16, 70).

Morphine:

Continuous infusion:

Weight Infusion rate Infusion rate

pg/kg/h pg/h
0.5-1 1.6 1.2
1-1.5 2.1 2.6
1.5-2 2.5 4.4
2-25 3.1 6.9
25-3 3.9 10.8
3-35 5.3 17.1
3.5-4 7.1 26.7
4-45 9.3 394
45-5 11.4 34.1
5-5.5 13.2 69.1
55-6 14.5 833
6—-06.0 15.4 96.3
6.5-7 16.0 108
7-75 16.4 119
75-8 16.6 129
8-9 16.8 143
9-10 16.9 160
10-11 16.8 177
11-12 16.7 192
12-13 16.6 208
13-14 16.5 222
14-15 16.4 237
>15 16.0 -

Paracetamol:

37 weeks PNA — 1 month:
- loading dose 20 mg/kg

- intermittent infusion 40 mg/kg/day over Q6 hours

1 month — 18 years:

- loading dose 20 mg/kg, maximum 1 gram/dose
- intermittent infusion 60 mg/kg/day over Q6 hours, maximum 4 gram/day, max dose 1 gram/dose
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Appendix 3: sedation protocol (page 1)

Bepaling keuze sedatie of pijn algoritme

Patignt:
onrustig?
Oncomfortabel?
Pijn?
VAS
COMFORT score
MRS pijn < 4 MRS pijn = 4
L L
| Pijnprotocol
toe postoperatieve pijn
biz. 2 e.v. passen
e blz. 6

Afkappunten sedatieprotocol *

Afkappunten sedatie COMFORT gedragschaal

6-10 11 -22 23 -30
grijs gebied
Overweeg Verpleegkundige mening vereist Overwesg
sedativa Verpleeghundige Interpretatie Sedatie sedativa te
afte Score [".1'155} verhogen
bouwen
Sedatieis (VISS):  Medicatie:
Onvoldoende —  werhogen
Adequaat — zolaten
Tewvesl - wverlagen

*Ista E. et al. Assessment of sedation levels in pediatric intensive care patients can be improved
by using the COMFORT ‘behavior’ scale. Ped Crit Care Med 2005; 8:58-83
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Appendix 3: sedation protocol (page 2)

Terug komend van biz. 3-4

r

Verpleegkundige en
medicamenteuze
interventies, uitgevoerd

en zijn afdoende.

Sedatieprotocol
Basisschema

}

COMFORT Score a 8 uur

»  (2-10-18 wwr) enfof bij distress,

Version 4, 14-06-2018. Protocol ID NL53085.078.15

toenemende onmust
A
CF = COMFORT gedragscore
CF CF 6 — 10 of CF
1M1-22en CF11-22 CF23-3D 11-22en
VISS=2 enVISS=3 VISS=1
L
Volg afbouwschema:
(=5dgm):
| Gesn -Midazolam enfof Morfine
interventis (blz. 4)
Langdurig (=5 dgn), en'of combi
met clonidine, zie protocol
langdurige sedatie
k
Volg beslisboom sedatie
Onrust stress beademde patient
rondom slaap, of (blz. 3)
eenmalig
L 4

1. Melatonine (per os):

2.5 mg =1 jaar, 5 mg =1 jaar po
2. Bij geen effect: Lorazepam (per os),

0,05maglkg
Herhaal COMFORT score
na 1 uur
Overweeg andere
maatregelen
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Appendix 3: sedation protocol (page 3)

Beslisboom sedatie beademde patiént.
Medicamenieuze interventies mag
verpleegkundige zelfstandig uitvoeren.

¥
Reduceer onrust/siress door
verpleegkundige interventies

toe te passen.
COMFORT Score & & uur
{2-10-18 wur) en bij distress of
toenemende onrust Midazolam® (iv):
0,1 magfkg oplaad +
100 megfkglu infuus
Maar blz. 2 l
“‘interventies
afdoende” Herhaal COMFORT score
L na 30 min.

ja

-~

CAVE:

Protocol niet gebruiken bij-

- pasgeborenen < 37 weken

- patiénten met neurotrauma

- patiénten met status epilepticus

- post cardiochirurgie patiénten met
verwachte beademingsduur <24 uur,

Doseringen gelden bij patiénten met
een max. gewicht van 50kg.

* Evaluatie hemodynamiek is wereist
na starten Midazolam.

Midazolam * {iv):
Ophogen tot max. 300 mogikgiu
in stappen van 100 mcgfkgiu
+ oplaad 0,1 mg'kg per
stap (= 30 min.)

LET ©OP: max. dosis is 15mglu
F Y

Morfine toevoegen (iv):
100 meg/kg oplaad +
10 megfkglu infuus

!

Herhaal COMFORT score
na 30 min.

—

MNee, en Midazolam maximaal (300mcalkgiu)

Meorfine {iv):
Ophogen tot max. 30 meg/kgiu
in stappen van 10 megfkgiu
+ oplaad 15 mcg'kg per
stap (= 30 min.)

LET OP: max. dosis is 1mgfu
Y

Cwenwess andere medicatie: (b
1. Clonidine: (iv) 0.2-2 megikgiu
is 0,1 mgiu)

eyoegdh
i

rfuus, 2.5

dasis 200mcgiu).

1. Kan patiént geédubeerd worden.

3. Propofol (iv): 1 mglkg oplasd; 1 mgfkgiu infuus, max dosering 4 mggiu

MOET worden ovengaan op Midszolam.

arts
meg'kg oplaad; of oraal: 1-5 megikg 3-4 dd. (Max dosis
2. Fentanyl: (iv) 1-3 meogkg'u infuus, 1-2 mog'kg oplaad (Morfine dient dan te wordan gestopt) (Max

Richiijn medicatie sedatie / behandeling discomfort cardiochirurgie patigént beademd <24uur:
2. Midazolam (vl 0,050, 1mgikg oplasd; 100 megfkgiu infuus, max. 300 megfkgiu

CAVE Propofiol: confra-indicatie coniinue foediening. Indien volgende ochfend sedalie vensist iz,
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Appendix 3: sedation protocol (page 4)

COMFORT Score a 8 uur
(2-10-18 uwr) en bij distress of
toenemende onirust

Maarblz. 2
‘interventies
afdoende”

rdiac Surgery.

Afbouwschema
Midazclam en Morfine
{gebruik = 5 dagen)

CF 66— 10 of
CF=11-22
en VI55=3

Morfine

CF = COMFORT gedragscore

Infuus?

Morfine
infuus deze dag

al afgebouwd?

L A

Verlaag morfine infuus

met 10 meg'kgiu per dag
tot stop

erlaag midazolam infuus
met S0 megfkgiu per B uur
tot stop

l

Herhaal COMFORT score
na 2 uur

ja 11-22en

WIS5=2

nes

-—————

Reduceer onrust/astress,
verplk. Interventies toepassen

Volg beslisboom
Sedatie bij beademde
patient (blz. 3
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Appendix 4: post-operative pain protocol in children 0-3 years of age

-Heeft patiént oplaad op OK gehad?
- Zo nee, geef 100mcgfkg morfine
oplaad en (herstart morfine continue

Postoperatief pijnprofocol geldt voor patiénten: _ »

- opgenomen op ICK / HG (1 zuid) Protocol post-operatieve pijn
-0 t/m3jaar IC Kinderen

- miet continue morfine postoperatief {operatieve ingreep < 48uur)
-cardio-chirurgische patiénten

Diit protocol niet gebruiken bij patiénten met: l

- Cranio-faciale chirurgie

- Neurotrauma COMFORT score en NRS

- Studiepatienten pijn bij terugkomst van K

Herhaal elke 2 uwr.

MRS pijn: 4-10 en
CF: 17-307

Richtlijn scoren postoperatief:
- scoor patiént na installatie op afdeling,

- daama elke 2 uur steeds tijdens verzorging,

- 5C00r voor en na het geven van extra
pijnmedicatie.

- Bij visite bepalen of scoren door gaat.

NRS pijn:

- MRS pijn - kind jonger dan 4 jaar

Reduceer onnust /stress door
verpleegkundige interventies toe te passen .

“ ]

Evalueer opnieuw COMFORT

score en MRS pijn.

MRS pijn: 4-10 en
CF: 17-307

Ja, 1e fot 3* bolus

Ma elke
bolus

k.

Bolus morfine (iv); min. & 10 min., mace. 3 x per uur
=<3 mnd. 10 meg'kg
>3 mnd. 15 meg'kg

Oplaad morfine 100 megikg en
verhoog morfine infuus met Smeglogiu

Herhaal COMFORT score
en MRS pijn na 30 min.

MRS pijn: 4-10 en
CF: 17-307

Herhaal COMFORT score

en MRS pijn na 30 min.

MRS pijn: 0-3 en
CF: 8-18
gedurende 12-24 uur
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i Hmmm]

|

erlaag morfine infuus met
5-10 meg'kglu per dag

:

Voor stop morfine: Indien nodig morfine
vervangen door paracetamaol

!

Start paracetamol®
MB: dosering IV is afwijkend!
* Dosering afhankelijk van leeftijd,
toedieningsvorm, controdesr:

Herhaal COMFORT score
en MRS pijn
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Appendix 5: Comfort assessment scale.
Pain assessment: Comfort-B and NRS-pain; sedation assessment Comfort-B and VISS.

CO mFD rt JE— |:'J.Jl_--|.'li_dxliu '\ ['J.Jl_'-l.'li_dxliu ;‘J

- & ® ® & & ® @& @ -’I Sticker met naam

G E d rag S c h a a I Iil:"u'.J'r.-I.ju'JL-I.ip J\l Ifl.ll.."l-'l.i st '.l-tJ wan patient

-

r"t'_ % het juiste antwoord -\.'J'I-‘] h_

Alertheid Diep in slaap (ogen dichk, geen reactie ocp cmgsving)

Licht in =lsap (ogen grotendesls gesloten, af en toe reactie)
Slaperig (kind sluit vask zijm ogen, reageert minder op omgswing]
‘Wakker en alert (kind resgeert op omgsving)

‘Wakker en hyper-alert (owerdreven reacie op veranderingen]

ok W

Kalmtelfagitatie Ealm (kind lijkt helder en rustig)

Licht angstig (kind toont lichte onrust)

Angstig (kind lijkt onrustig maar kan zich beheersen)

Zeer angstig (kind lijkt zeer onrustig. kan zich mog net beheerzen)

Paniskerig (ernstige onrust met werlies van beheersing]

ok W

Ademhalingsreactie
(Ecovan bij besdermde

Gesn hoesten en geen spontane ademhaling

Spontane ademhbaling met weinig of geen reactie op de beademing
Af en toe hoesten of verzet tegen de ventilstor

Ademt actief tegen de ventilator inof hoest regeimatig

Viecht tegen de wentilator; hoesten, werslikken, tegenademen

kdrcierern)

ok W=

Huilen
(scoren bij niet beademde

kdrcierern)

Gesn huilgeluiden

Af en toe snikken of kreunen (nasmikken)
Jengelen of dreinen (monotoon geluid)
Huilen

o Wb

Schreeuwen of krijsen
Lichaamsbewsging Gesn bewsging

Incidentsle (3 of minder] kleine bewegingen
Freguente (meer dan 3] kisine bewsgingen
Heftige bewegingen met armen en benen
Hefuge bewegimgen ook met romp en hoofd

I ]

[ JOoOODOO 00000 00000 00000 00000 00000 0D0000--

Spieren volledig ont=pannen; geen spierspanmning
Verminderde spierspanning minder weerstand dam nermaal
Mormale spierspanning

Toegenomen spierspanning en buiging van vingers en temen
Extreme spierstijffheid en buiging vam vingers em tenen

Spierspanning

nok Wb

Gelaatsspanning Gezichi==pieren wolkomen onizpannen

Mormale spanning van het gelaat

Spanning duidelijk in sommige gelastsspiersn (niet sanhoudend)
Spanning duidelijk in alle gelastsspiersn (sanhoudend)

Gelaat=zpisren verwrongen en in 2en grimas

ok Wb

Total score

[j 00000 DO0O0 00000 DOD00 00000 00000 00000«
[j 00000 00000 00000 DO00O0 Oo00dOo 00000 00000«
D 00000 DODOO0 00000 DO00O0 00000 00000 00000«

MRS pijm* e . (O=geen pijn tot 10=ergste pijn)
VISS* e e Vulin: 1. orvoldoende sedatie, 2. adequate sedatie or 3. te diepe sedatie

Details sedativalfanalgetica

Reden meting

*Aloringerc NRS = Nurmericke Rating Schaal, VIS5 = Verpleeghurdige Interpretatie van Sedatie Schaal
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Appendix 6: Numeric rating Scale
Example of visual analogue scale

PAIN SCORE 0-10 NUMERICAL RATING

0-10 Numerical Rating Scale

0 1 2 3 4 5 ) 7 8 9 10
No Moderate Worst
Pain Pain Possible Pain
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PACS study; Pediatric Analgesia after Cardiac Surgery.

Appendix 7: Parents Postoperative Pain Measure-Short Form

Telephone interviews will take places two days after discharge from the hospital. The validated PPPM-
SF will be used (95).

Table 2. Instructions And Response Options for
the PPPM-SF

Parents’ Postoperative Pain Measure — Short Form (PPPM-5F).

Children sometimes have changes in behavior when recovering from
surgery. The following is a list of behaviors that your child may or
may not have exhibited while recovering from surgery between

_and__ today. For each of the behaviors below, circle the
appropriate response, yes or no.
When your child was recovering from surgery between __and

_ today, did s/he...

LowG Form

Iren
Numeer™ CircLe ONE
1 1 Whine or complain more than usual? Yes Mo
3 2 Play less than usual? Yes Mo
4 3 Mot do the things s/he normally does? Yes Mo
5 4 Act more worried than usual? Yes Mo
6 5 Act more quiet than usual? Yes Mo
7 6 Hawve less energy than usual? Yes Mo
9 7 Eat less than usual? Yes Mo
10 8 Hold the sore part of his/her body? Yes MNo
12 9 Groan or moan more than usual? Yes MNo
14 10 Want to be dose to you more than usual? Yes No

MNote on Administration and Scoring: Parents are asked to complete the measure
between a specific time period (ie, between breakfast and lunch, between lunch
and supper, or supper and bedtime). The number of items parents have drcled
“Yes” are summed for a total score out of 10.4 score of at least 3 out of 10 sig-
nifies dinically significant pain.

*Long form item numbers are given for reference only and should be omitted in
administering the PPPM-5SF.

Kinderen gedragen zich soms anders als ze herstellen na een operatie. Op de onderstaande lijst staat
bepaald gedrag dat uw kind wel of niet heeft laten zien na de operatie. Geef voor elke punt aan of dit
van toepassing is door ja of nee te antwoorden.

De volgende vragen gaan over het gedrag van uw kind na het ontslag uit het ziekenhuis.

e Zeurt of klaagt uw kind meer dan normaal? Ja/nee
e Speelt uw kind minder? Ja/nee
e Is uw kind niet bezig met wat hij of zij normaal doet? la/nee
e Is uw kind meer ongerust dan normaal? Ja/nee
e s uw kind stiller dan normaal? Ja/nee
e Heeft uw kind minder energie dan normaal? Ja/nee
e Eet uw kind minder dan normaal? Ja/nee
e Raakt uw kind de pijnlijke plek (van het lichaam) steeds aan? la/nee
e Kreunt en kermt uw kind meer dan normaal? Ja/nee
e Is uw kind aanhankelijker dan normaal? Ja/nee

Vertaalde versie van de PPPM-SF ontwikkeld door von Baeyer et al. (95)
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PACS study; Pediatric Analgesia after Cardiac Surgery.

CD mFO 'L assessment |: Datum/tijd 1) [ Datum/tijd 2]

SOS-PD schaal

Saphia Ortwenningsverschijnselen Scorelijst-Pediatrisch Delirium

Sticker met naam

Beoordelaar Beoordelaar van patiént

Step 1a Ontwenning 1 2
Hartfrequentie . fmir

Toelichting
Moteer hoogste waarde in de algelopen 4 wur indien beschikbaar {elekironisch patiert
data rmanagerment gpaten], anders huidige waarde afleten van de manitor of pols voelen,

e TN

Adembalingsfrequentie . /min  .._/min  Notesr hoogse waarde in de afgelopen 4 war indien beschikbaar (elektronsch patiert data
managerment Syster), anders huidige waarde aflezen van de monitor of ademhaling tellen.

Baseline hartfrequentie .. /min  .../min  zaz war toelichting

Baseline ademhalings- ._./min  .../min  zoz war toelichting

freguentie

Stap 1b Delirium® 1 2 Eruis aan als symptoom aamwezig is

Cuders herkennen o (0"  Ouders beleven het gedrag van hun kind als zeer afwikend of orherienbaar dan wat 2]

gedrag kind niet pewerd 2in b Hekte of ZiekenhuBapharne, *dit is rmijn knd niet”

Stap 2 Ontwenning  Delirium

1 v 2 1 ' 2

Tachycardie o0 Hartirequentie 15% of meer boven de basslnevwaards,

Tachypnoe o0 Ademhalingsfrequentie 15% of meer boven de baselinesasande.

Koorts O Lichaasrstemperatuus > 38.4 °C nu of in algelopen 4 uur .

Tweten o0 [ [0  zZonde aarmishare reden

_— Bijvoorbesid: prikkeloasr, opgewonden, rustekas, phukkerig ekt lin, infuus, katheters

Agitatie/ 00 OO0

rusteloosheid eruit of doet pagingeri).

Angst o0 [0 0 sivoorbeeid: ogen wid open, wenkbraumwen sangessannen en omboog getrokken.

Tremoren 00 00 Kieine ormwillekeurige ritmische bevingen van bijv. handen of voeten {soms in reactie op
prikkels, bk, verzongirg, orgedingsgeluiden),

Motorische onrust [ () g Ormillekaurige bewegingen van arrmen ervel benen

Toegenomen 00 00 Bijvoorbesld: gebalkde wisten, of opgetrokien schouders

spierspanning OF: afwiende gesparnen bouding van boald, anmen enfol benen.

erminderde D D Cuders beleven het pedrag van hun kind als peer absifiosnd of onberkenbassr dan wat 5§

aandacht gewend 2ijn bij Ziekte of Hekenbuisoprare, “dit = mign kind sl

Handelt niet D D Het kind heeft roeite beeft met handelingen die narmaal geen problesrn 5. Bivwaar-

doelgericht beeld het bt riet goed om speen of knuflel e pakien

Oogrontact ver- 00 Het kind heeft geen of vermmindend oogontact met verplesgkundige of suders.

minderd / afivezig

on paarhulen () [ 00 Al huilen riet stopt doar troasten met bivoorbesid speen of voeding: of bij cudere kin-
deren door aanbieden van spel. Bij geintubesrds kinderen geluidioos huilen aks ja scoren.

Grimassen OQ [0 [0  Gefrorste werkbirausen, schtbare neus-mendglosl, samen- of dichigeknegen ogen.

Slapeloosheid £ Ak het kind niet langesr dan 1 v sareergesiaten slhapt; hazerslaapjes.

verstoord patroon 0o 0o

Hallucinaties* OO0 [0 (" st Bkt alsafhet bird in de algskopen 4 uur drgen s, heorde of voelde die & et warer,

Descrigéntatie (kjd/ Alean voor bij nderen = 5 jr. Alk bet knd niet weet of het echtend, middag of svand i,

plaacs/persocon) D D waar het i, auders en bekenden fiel herkent

Verstoorde spraak o0 Kand praat arverstaanbaar, verbaal & riet te volgen (riet leeftjd-adequast)

Braken BN Minstens esnrmaal tiders de afgslopen 4 uur.

Diarres o0 Minstens eenrnaal tfders de afgelopen 4 uwr.

Aouut bagin 00 Acute verandering van syrmplomen Lo voor e oprame

symptomen

Fuctuerend verioop [ ()  Deaarmwerigheid van symptormen wissell sterk over die afgelopen 24 uur.

Total score

505-score DD Ontevennings-score (maximum 15) tel aantal aangekruiste vakjes

PD-score*

00O

Delirium-score (maximum 16/M17) tel aantal aangekruiste vakjes

* Overleg kinder- en jeugdpsychiater als: Stap 1b is positief EN/ OF Stap 2 score is 24 of symproom met * is positief.

Zo.z. woor instructies.
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PACS study; Pediatric Analgesia after Cardiac Surgery.

Appendix 9: anaesthetic management
Pre-medication (midazolam) at the discretion of the anaesthesiologists

Induction of anaesthesia*
Connecting monitoring devices **

Start of surgery

Start of CPB

Weaning of CPB

First PK sample (see sampling schedule in protocol)
Loading dose morphine 100 mcg/kg

End of surgery

Transition to the ICU

Start of study medication, (IV morphine or IV paracetamol and placebo)

\ 4

All peri-operative drugs are registered at the electronic data system. Also, all information on the
perfusion, i.e. CPB run time, degree and duration of hypothermia, are registered. Information that is
suspected to influence the PK will be added to the database.

* Induction of anaesthesia will be achieved by sevoflurane 8%, midazolam 0.1-0.3 mg/kg, sufentanil 1-3
mcg/kg and pancuronium 0.1-0.2 mg/kg. Per-operative anesthesia is maintained by continuous
midazolam infusion and sufentanil shots if necessary. Several other standardized drugs are used, such as
antibiotics.

** Monitoring devices will be connected before and after induction of anaesthesia, depending on the
type of monitoring. Monitoring consists of ECG, invasive blood pressure, central venous pressure, oxy-
haemoglobin saturation, end-tidal carbon dioxide levels, temperature (cerebral and central), bispectral
index (BIS), brain tissue oxygen saturation (INVOS), transoesofageal ultrasound, urine catheter. NIRS
sensors will also be used as standard post-operative monitoring of cerebral oxygenation.
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PACS study; Pediatric Analgesia after Cardiac Surgery.

Appendix 10: monitoring plan

Frequentie en Inhoud Monitoring voor
ONDERZOEK MET HOOG RISICO
FREQUENTIE MONITORING
3 of meer visite per jaar per centrum afhankelijk van inclusiesnelheid en eerder
geobserveerde deviaties.
INHOUD MONITORING

Studiedocumenten en afspraken
e Controle aanwezigheid en volledigheid van het onderzoeksdossier: Trial Master File en Investigator
File.
e Controle instructies studiepersoneel en afspraken over back-up door bevoegde collega’s.

Patiénteninstroom, consent, compliance en Source Document Verification (SDV)

e Controle inclusiesnelheid en uitval percentage.

e Controle informed consent: steekproef: 25%.

e Controle in- en exclusiecriteria: steekproef: eerste 3 deelnemers, daarna 50-100%.

e Controle protocolcompliance: steekproef: eerste 3 deelnemers, daarna 50-100%.

e Source Document Verification (SDV) steekproef: 50-100%. Wordt uitgevoerd op basis van een
tevoren gedefinieerde lijst van variabelen - inclusief primair eindpunt - die in duidelijke relatie staan
tot de veiligheid en geldigheid van het onderzoek.

Patiéntveiligheid
e Controle Serious Adverse Event (SAE) reporting: steekproef 50-100 % van de proefpersonen.
e Controle Suspect Unexpected Serious Adverse Reaction (SUSAR) reporting: steekproef 50-100 %
van de proefpersonen (indien van toepassing).

Studiemedicatie of onderzoeksproduct (indien van toepassing)
e Controle instructies deelnemers.
e Controle overzichten van ontvangst, opslag, uitgifte, retour en voorraadbeheer.
e Controleer aanwezigheid correcte procedure voor deblindering in geval van nood.

Studieprocedures
e Controle of instructies voor uitvoer van studieprocedures aanwezig zijn.
e Controle apparatuur en /of faciliteiten.

Laboratorium, apotheek en biologische monsters (indien van toepassing)
e Controle of laboratoria GLP gecertificeerd zijn.
e Controle of apotheken GMP gecertificeerd zijn.
e Controle verzameling, labeling en opslag van biologische monsters.

AANDACHTSPUNTEN

o kwalificaties monitor

e terugkoppeling en follow-up van bevindingen van de monitor
o Termijn van beschikbaarheid monitoring-rapporten.
o Acties naar aanleiding van verbeterpunten in monitoring rapport: binnen Erasmus MC en in

andere deelnemende centra (in geval van multcenter trial).

e bewaren van studiegegevens
o Gebruik van een adequaat Clinical Data Management Systeem (CDMS).
o Correct bewaren van ruwe gegevens, gecorrigeerde gegevens en back-ups.
o Beschikbaarheid van een audit trail (herleidbaarheid van studiedata en aanpassingen).
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PACS study; Pediatric Analgesia after Cardiac Surgery.

MONITORINGRAPPORTEN EN BEWAARTERMIJN
Van elke monitoringvisit wordt een schriftelijk verslag gemaakt, het monitoringrapport. Het afdelingshoofd van

de hoofdonderzoeker is verantwoordelijk voor de archivering van de monitoringrapporten gedurende minimaal
15 jaar na afronding van het onderzoek. De monitoringrapporten en overige onderzoeksdocumenten zijn op
verzoek toegankelijk voor de Raad van Bestuur van het Erasmus MC, en voor door de Raad van Bestuur
geautoriseerde medewerkers.
Bijlage C “Hoog Risico* bij het Erasmus MC Monitoringplan - versie 19 februari 2013. Deze bijlage is niet geldig als apart document
Deze bijlage is enkel te gebruiken als onderdeel van het door de hoofdonderzoeker ondertekende Erasmus MC monitoringplan.
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PACS study; Pediatric Analgesia after Cardiac Surgery.

Monitoringplan

WMO-plichtig onderzoek

Erasmus MC is verrichter

ALGEMENE GEGEVENS ONDERZOEK

NL nummer (ABR)

NL53085.078.15

MEC nummer

Volgt

Erasmus MC Afdeling

IC kinderen

Hoofdonderzoeker Erasmus MC

Dr. E.D. wildschut

Protocol code nummer / acroniem

PACS

Protocol titel: Pediatric Analgesia after Cardiac Surgery; Morphine IV versus paracetamol IV after

cardiac surgery in neonates and infants.

BEPALING RISICOCLASSIFICATIE

Bepaal het risico voor de patiént aan de hand van de NFU tabel:

Mate van Schade / GROOTTE Lichte Schade Matige Schade Ernstige Schade
VAN KANS

KLEINE KANS Verwaarloosbaar risico Verwaarloosbaar risico Matig risico
MATIGE KANS Verwaarloosbaar risico Matig risico Hoog risico
GROTE KANS Matig risico Hoog risico Hoog risico

Resultaat risicoclassificatie patiént:

[] verwaarloosbaar risico
X matig risico

[ ] hoog risico

Version 4, 14-06-2018. Protocol ID NL53085.078.15
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PACS study; Pediatric Analgesia after Cardiac Surgery.

Bepaal het risico voor de wetenschappelijke kwaliteit van de data:

Denk hierbij bijvoorbeeld aan de volgende punten:

Is het protocol moeilijk uit te voeren, bijvoorbeeld omdat het in grote mate afwijkt van de
reguliere diagnostiek en/of zorg?

Zijn er andere knelpunten er ten aanzien van de betrouwbaarheid van de data en de
wetenschappelijke kwaliteit? bijvoorbeeld erg uitgebreid CRF, weinig proefpersonen per
centrum, ...

Resultaat risicoclassificatie wetenschap:
[ ] verwaarloosbaar risico

[] matig risico

X hoog risico

Het risico van het onderzoek volgt uit bovenvermelde risico’s

Houd van de hierboven bepaalde risicoclassificaties de hoogste aan. Dit is de risicoclassificatie
van uw onderzoek.

Resultaat beoordeling risicoclassificatie onderzoek:
[] verwaarloosbaar risico
(] matig risico

X hoog risico

MONITORING FREQUENTIE EN INHOUD

Het vastgestelde risiconiveau impliceert dat monitoring van dit onderzoek minimaal de
activiteiten omvat die zijn vermeld in de betreffende bijlage:

Onderzoek met verwaarloosbaar risico -> zie bijlage A
Onderzoek met matig risico -> zie bijlage B

Onderzoek met hoog risico -> zie bijlage C
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Voeg de betreffende bijlage toe; deze bijlage maakt integraal onderdeel uit van dit
monitoringplan.

ONDERTEKENING DOOR HOOFDONDERZOEKER:

NAAM: dr. E.D. Wildschut

FUNCTIE: kinderarts-intensivist

HANDTEKENING:

DATUM ONDERTEKENING: 16-12-2015
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