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BACKGROUND: Dobutamine is particularly suited to treatment of haemodynamic insufficiency caused by increased peripheral
vascular resistance and myocardial dysfunction in the preterm infant. Knowledge of the elimination half-life is essential to estimate

the steady state when its efficacy/safety can be evaluated.

METHODS: Analysis of pharmacokinetic data in ten preterm newborns treated with a new neonatal formulation of dobutamine
(IMP) after screening for haemodynamic insufficiency within the first 72 h from birth. Blood samples were withdrawn at the end of
IMP infusion and at a random time after the end of infusion (5 min, 15 min, 45 min, 2 h and 6 h). IMP concentration in each sample
was measured by ultra-high performance liquid chromatography with electrochemical detection.

RESULTS: Median duration of IMP infusion was 37.7 h (IQR 21.2). Calculated IMP half-life ranged between 3.06 and 36.1 min
(median 10.6 min), leading to a time to reach the steady-state concentration between 15 min and >2 h. Adverse events were not

related to IMP.

CONCLUSIONS: The wide variability in dobutamine metabolism in preterm infants requires awareness about the risk of under- or
overtreatment. A delay of up to 3 h might be required before drawing blood samples to evaluate the effective dose.

Pediatric Research (2021) 89:981-986; https://doi.org/10.1038/s41390-020-1009-0

IMPACT:

® Small trials suggest dobutamine as the optimal drug in the preterm infant with haemodynamic insufficiency after birth.
® Age-related differences in drug pharmacokinetics may result in suboptimal treatments.

® The lack of formal studies in preterms results in inadequate data on efficacy and safety.

°

transitional circulation.

efficacy/safety can be reliably evaluated.

This study provides data on the variability of the elimination half-life of dobutamine in the very preterm infant during

There is a wide variation in the time to reach the plasma concentration corresponding to steady state, the moment when its

® This information is crucial for planning future trials on cardiovascular support.

INTRODUCTION

Many medicines used in children, especially in neonates, have
never been tested to the level seen in adult healthcare and are
used unlicensed or off-label,’ resulting in insufficient data on
efficacy and safety. The European Union Drug Regulations require
the industry to provide age-appropriate formulations and
strengths of medicines in neonates through to adolescents.
Cardiovascular drugs are in the priority list.

Circulatory failure during transitional circulation is commonly
seen in preterm infants and is associated with adverse out-
comes.>™® Shortly after birth there is an increase in systemic
vascular resistance and a decrease in pulmonary vascular
resistance resulting from the severing of the umbilical vessels,

the inflation of the lungs, and the increase in arterial oxygen
content.” Small-scale observational studies and randomised
clinical trials have suggested dobutamine as first-line inotrope
for circulatory failure during transitional circulation in the preterm
infant®"" Dobutamine increases myocardial contractility due to
combined beta 1- and alpha 1-adrenergic receptor stimulation in
the myocardium.”'? This results in increased stroke volume and
restoration of tissue perfusion.

The Neocirculation Consortium (FP7; HEALTH-2011.4.2-1 [Inves-
tigator-driven clinical trials on off-patent medicines for children])
developed a programme of work in a Paediatric Investigation Plan
(PIP) to study the efficacy and safety of a new age-appropriate
formulation of dobutamine for the treatment of circulatory failure
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Table 1. Composition of investigational medicinal product (IMP): new
neonatal formulation of dobutamine hydrochloride solution for
dilution for infusion.

Component Quantity Function Reference to
(mg/ml) standard

Dobutamine 12,5 Active Ph Eur

hydrochloride

Sodium 0.075 Anti-oxidant Ph Eur

metabisulphite

Hydrochloric acid Qs pH adjustment Ph Eur

Water for injections To 100 ml Diluent Ph Eur

Nitrogen — Anti-oxidant In-house

Ph Eur European Pharmacopoeia, Qs sufficient quantity.

during transitional circulation in preterm infants. Firstly, a
dobutamine formulation with components selected from the
currently established range of excipients used in paediatric
products, based on guidance by EMA and adapted to the
requirement for variable dose administration, was developed.'®
Secondly, a therapeutic observational study (NeoCirc-001) to
optimise the design of a subsequent placebo-controlled con-
firmatory trial was started. The intent was for NeoCirc-001 to: (1)
provide an estimate of the elimination half-life and time to reach
steady state of the new dobutamine formulation in the preterm
infant (NeoCirc-001A sub-study); (2) explore relationships between
inclusion criteria, treatment and outcomes; (3) develop a
population pharmacokinetic and pharmacodynamic model in
the target population (NeoCirc-001B sub-study). The trial stopped
prematurely after completing the first of the three goals
mentioned above, as it was recognised that a randomised
allocation to placebo or dobutamine, combined with a more
standardised up-titration schedule, were prerequisites for reliably
exploring relationships looking at efficacy and safety; and for
conducting the population PK-PD analysis.™

This paper mainly reports results from the first goal. That is,
pharmacokinetic investigations of a new dobutamine formulation
administered to preterm infants with haemodynamic insufficiency
in the first 72 h of life. The elimination half-life of dobutamine is
essential to estimate the time it reaches steady state, which in turn
represents the moment when its efficacy/safety can be evaluated.
As a general pharmacokinetics (PK) principle, steady state is
reached when the time elapsed since the beginning of a given
treatment (or dose adjustment) is equal to five times the
elimination half-life."”

METHODS

Inclusion criteria

Preterm infants between 24+ 0 and 32 + 6 weeks of gestation
were prospectively screened for early haemodynamic insufficiency
at two clinical sites (La Paz University Hospital, Spain and Brighton
and Sussex University Hospital, UK). Haemodynamic insufficiency
was defined as: either two or more of (i) mean blood pressure
(MBP) < gestational age (GA)—1mmHg (invasive/non-invasive,
two readings 15 min apart), (ii) echocardiographic assessment of
superior vena cava (SVC) flow>”'® <51 ml/kg/min, (iii) capillary
refill time (CRT)>4s, (iv) lactate >4 mmol/l, (v) base excess <
—9mmol/l; or MBP <GA —5mmHg (invasive/non-invasive, two
readings 15 min apart) alone. Eligible infants were excluded if:
considered non-viable, severe congenital hydrops or malforma-
tions likely to affect cardiovascular adaptation, surgical treatment
within 72 h of birth, chromosomal anomalies, or lack of signed
informed consent.
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Intervention—investigational medicinal product

Infants who met the definition of haemodynamic insufficiency and
whose clinicians decided to prescribe dobutamine received a new
neonatal formulation of dobutamine (investigational medicinal
product, IMP), solely or in addition to other treatments. The IMP
formulation was a concentrate for dilution for infusion contained
in a 10-ml glass vial containing 12.5 mg of dobutamine hydro-
chloride per ml (Proveca Limited, Daresbury, UK) (Table 1). The
sterile dobutamine solution was added to the infusion solution
(5% dextrose or sodium chloride) immediately prior to
administration.

Pharmacokinetics
Two blood samples were withdrawn per neonate: the first one at
the end of dobutamine infusion (T1); the second one at a random
time after the end of infusion (72), among the following
possibilities: 5 min, 15 min, 45 min, 2 h and 6 h. The randomisation
of sampling time was done online by the data management
centre.

For each neonate, elimination half-life (T;,,) was calculated as
follows:

® T,,=Ln2/Ke, and

® Ke=(Ln(C1)-Ln(C2)/(T2 —T1),

where Ln is the natural logarithm, Ke the elimination rate constant
of dobutamine, and C1 and C2 being two concentrations of
dobutamine measured at their respective post-infusion time T1
and T2.

Plasma clearance of dobutamine was calculated from the
infusion rate and the plasma concentration at T1, providing the
former had remained constant for five times the elimination half-
life according to the equation:
® (learance (I/h/kg) =infusion rate
al at steady state (ng/ml).

(ng/kg/h)/concentration

Strict standardisation of the dobutamine administration system
was followed to minimise systematic errors due to differences in
infusion set-ups, infusion lines and connectors to administer i.v.
fluids. The effective start (t;) and end (t.) of the infusion was
calculated as the time at which the infusion pump is switched on
or off plus the empirical value for the interval arising from dead
space (tg), as follows:

tq(min) = (volume (ml)/velocity (ml/h)) x 60 (min/h), then
to = tswitchon + td,

te = tswitch off + td,

where volume refers to the catheter lumen plus the stopcock
dead space, and velocity refers to the summation of the infusion
rates of the various infusions delivered through the line.
Dobutamine infusion joined the system at the stopcock closest
to the catheter entry. Before dobutamine was connected to the
stopcock, the whole system (including bionector) was fed with the
dobutamine solution and the pump was switched on for a few
minutes to ensure that no pulling out effect was added at start.
The pump was switched off and the system was then connected
to the stopcock. Finally, the pump was switched on and the time
was registered (tswitch on)- 1O calculate t,, the time when
dobutamine infusion was stopped was registered (tswitch off)- The
time corresponding to the first blood sample (T1) had to be equal
or slightly later than t.. A pre-analytical test, using methylene blue
as a model drug, was conducted to confirm the replicability of
calculations according to the equation and standards of proce-
dures defined in this study.

Pediatric Research (2021) 89:981 -986



Screening,
N=72
(HULP: n=64; BSUH: n=8)
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Included and analysed in
NeoCirc-001 (mITT population),
N =15
(HULP: n=11; BSUH: n=4)

l

|

Analysed in the half-life sub-
study (NeoCirc-001A),
N =10
(HULP: n=9; BSUH: n=1)

Fig. 1 Study flow chart.

Samples’ handling was performed according to the lab hand-
book that was developed by one of the researchers (INSERM)
based on the results of the short- and long-term stability study of
dobutamine in plasma. Accordingly, blood samples had to be
centrifuged and plasma frozen at —80 °C within 6 h, and kept at
—80 °C until analysis for a maximum period of 12 months.

Dobutamine assay

Dobutamine concentration in each sample was measured by ultra-
high performance liquid chromatography with electrochemical
detection (UPLC-EC) method that was validated over the
concentration range of 2-256 ng/ml that was expected to include
the concentrations obtained during continuous infusion of
dobutamine. Consequently, the accuracy and precision of the
method was uncertain for a concentration <2 ng/ml (lower limit of
quantification, LLOQ). Validation results for this concentration
range satisfied all criteria requested by the European Medicines
Agency guidelines.'®

Assessment of treatment response

Positive pharmacodynamic response of each parameter that
triggered treatment with dobutamine (or other drugs) included
a margin of effect, defined as attainment of: MBP > GA mmHg, SVC
flow > 55 ml/kg/min, CRT < 4 s, lactate < 2 mmol/l or base excess >
—9 mmol/l, respectively, for those who had low blood pressure,
low SVC flow, prolonged CRT, or high serum lactate or low base
excess at study entry. Short-term outcome of biomarkers also
included urine output and echocardiographic assessment of right
ventricular output.

Starting dose, dose escalation or need for additional cardiovas-
cular treatment was guided by clinical judgement relating to any
of the criteria by which the baby could become eligible for the
study. Down-titration strategy and duration of treatment was at
the discretion of the attending physician. Prospective data
collection continued until 38 + 4 weeks of gestation or discharge.

Severe adverse events (SAE) were defined as any untoward
medical occurrence or effect in a clinical trial subject receiving the
IMP, that at any dose results in death, is life threatening, requires
hospitalisation or prolongation of hospitalisation, or results in

Pediatric Research (2021) 89:981 - 986

Exclusion, N =57
(HULP: n=53; BSUH: n=4)

Reasons (more than one possible):
No informed consent: 3
No circulatory failure criteria: 55
No postnatal age <72 h: 3
Did not receive circulatory treatment at all: 1

Exclusion, N =5
(HULP: n=2; BSUH: n=3)

Reasons:
Treatment with commercial dobutamine: 2
Blood sample withdrawn while ongoing infusion: 2
Unreliable data: 1

persistent or significant disability or incapacity. There does not
need to be a causal relationship between the occurrence and the
study or any treatment administered.

Statistics

Calculated sample size for the neonatal dobutamine half-life sub-
study reported in this paper was ten patients. This sample size was
established because no PK data were available in this population
and preliminary PK studies are supposed to be performed in a
restricted number of subjects.'”” The use of random sampling
times was necessary as the elimination half-life was unknown and
because only two blood samples could be drawn per infant, due
to ethical reasons. Two measured blood concentrations are
needed to calculate Ke and half-life.

Descriptive analysis of event rates, with 95% confidence intervals,
median (IQR) or mean values and standard deviation are reported.
The main concern regarding haemodynamic insufficiency early
after birth is altered blood flow patterns to the brain and
subsequent brain injury. Based on this, the most relevant clinical
outcomes were selected as candidate endpoints to assess efficacy.
Accordingly, for this observational study, treatment failure was
defined if one of the following was true: neonate dies or
intraventricular haemorrhage (IVH) grades 2-4, or cystic and non-
cystic periventricular leukomalacia (PVL), or porencephalic cysts,
ventriculomegaly, or cerebellar haemorrhage.'®°

RESULTS
During the 16-month period, 72 patients were screened. Fifteen
patients received cardiovascular support (catecholamines or hydro-
cortisone), starting at a median postnatal age of 5 h (IQR 4.8) (Fig. 1).
Of them, two infants received commercial dobutamine and 13
infants were treated with the IMP, who are the study population.
Among the 13 infants treated with the IMP, only 10 were
included in the dobutamine half-life analysis (Fig. 1). Reasons for
exclusion were: unreliable data possibly related to mistaken
labelling (concentration of dobutamine in the second blood sample
was higher than in the first blood sample) (1 case); blood sample
withdrawn while the IMP infusion was still ongoing (2 cases).
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Table 2. Dobutamine pharmacokinetics.

Patient

1 2 3 4 5 6 7 8 9 10
tswitch off (Nh:mm) 9:51 21:22 16:30 13:30 8:33 16:25 13:45 14:05 18:51 12:08
ty (min) 11 3.6 7.00 59 1.5 16 74 9.75 2.2 12
te (hh:mm) 10:02 21:25 16:37 13:36 8:34 16:41 14:59 14:14 18:53 12:20
Db dose before stop (pg/kg/min) 2.75 1.7 2.1 2.7 5 23
Duration (min to t.) 320 380 90 385 82 247
Time sample (T1) (hh:mm) 10:02 21:25 16:357 13:36 8:34 16:41 14:59 14:14 18:53 12:20
Time sample (T2) (hh:mm) 10:07 21:30 22:35 13:51 10:35 17:26 15:16 20:15 20:53 13:05
T2—T1 (min) 5 5 358 15 120.5 45 17 361 120 45
Concentration 1 (ng/ml) 90.1 7.62 64.2 88.4 42.8 12.0 15.7 27.14 21.87 18.90
Concentration 2 (ng/ml) 29.0 458 <2 21.1 <2 5.06 8.76 <2 <2 2.01
Ke (min™") 0.226 0.102 0.0109 0.0953 0.0291 0.0192 0.0342 0.008 0.0218 0.0498
T1/2 (min) 3.06 6.8 NC 7.3 NC 36.1 203 NC NC 13.8
Db clearance (I/h/kg) 1.83 13.39 1.43 135 19.1 7.3
Db dobutamine, Duration time on last Db infusion rate until t.,, NC not calculated.
2Sample drawn 2 min before the true infusion end.

Of note, the concentrations measured in the four samples Table 3. Demographics, clinical outcomes, and cardiovascular

drawn 120 min or more after the first sample were less than the
LLOQ of the analytical assay, and were consequently not taken
into account for the calculation of T;,,. The results are displayed in
Table 2.

Calculated T,/,; ranged between 3.06 and 36.1 min (median =
10.6 min), which corresponded to time to steady state ranging
between 15 and 180 min (median 52 min). The mean weight-
normalised clearance obtained in this study was 9.43 (I/h/kg). Of
note, in one patient (case 7), the duration of dobutamine infusion
was four half-lives when the first sample was drawn, instead of the
expected duration of five half-lives in order to reach the steady
state. However, since 94% of the steady state is reached after four
elimination half-lives, the bias on the calculated clearance was
considered negligible in this patient.

The following results on clinical outcomes, treatment and safety

are presented as feasibility observations to inform the planning of
subsequent trials on cardiovascular support:
® Six out of 13 (46%, 95% Wald confidence interval: 19%; 73%)
of the babies were classified as treatment failures at the
follow-up assessment. Clinical data are displayed in Table 3.
Median duration of treatment with dobutamine was 37.7 h
(IQR 21.2), ranging between 19.5 and 181.0 h. There were two
patients who received dobutamine for more than 160 h.
Treatment duration of all other patients was below 70 h.
Six SAEs occurred during the trial in three babies and one
baby died (Table 4). The SAEs were not considered to be
related to the study drug. Three adverse events were reported
for only one patient (case #10), consisting of transient
chylothorax, hypothyroidism and peripheral arterial vasos-
pasm related to canalisation causing left foot ischaemia at 26,
31 and 30 days of postnatal age, respectively. A further SAE
was reported for this baby at death.

DISCUSSION

The results of NeoCirc-001A address an important knowledge gap,
by providing information on the required waiting time between
the start of treatment with dobutamine and the moment its
efficacy/safety can be reliably evaluated in the very preterm infant

SPRINGERNATURE

treatment of the study population.

Total N=13

Gestational age (w), mean (SD) min—max 27.4 (1.9) 25.3-30.1

Male sex, n (%) 5 (38.5)
Birth weight (g), mean (SD) min—max 878 (311) 605-1665
Multiple births, n (%) 3 (23)
SNAPPE-Il, mean (SD) min—max 44.7 (19.4) 14-83
Survival without severe brain injury, n (%) 7 (53.8)
Overall mortality, n (%) 1(7.7)
IVH grades 2-4, n (%) 4 (30.8)
Cystic PVL, n (%) 1(7.7)
Porencephalic cyst 1(7.7)
Ventriculomegaly, n (%) 4 (30.8)
Cerebellar haemorrhage, n (%) 1(7.7)
First inotrope dobutamine, n (%) 11 (84.6)
First inotrope dopamine, n (%) 2 (15.4)
More than one inotropes/others, n (%) 8 (61.5)

Two drugs, n (%) 5 (38.5)

Three drugs, n (%) 1(7.7)

Four drugs, n (%) 2 (15.4)

SNAPPE-Il Score for Neonatal Acute Physiology and SNAP Perinatal
extension 3', IVH intraventricular haemorrhage, PVL periventricular

leukomalacia.

during transitional circulation. This information is crucial for the
planning of future trials on routine cardiovascular drugs where
there is a lack of formal studies in this population. Age-related
differences in drug absorption or metabolism result in drugs being
started at doses which turn out to be suboptimal. Pragmatic
adjustments are then made to improve the target outcome, but
the evidence-base for these decisions is weak.

The maximal effect of a given dose is obtained when plasma
concentration reaches the steady-state plateau at 5—6 times the
elimination half-life.'”> Our results thus evidence that the time

Pediatric Research (2021) 89:981 -986
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Table 4. Serious adverse events report.

Participant ID Sex GA BW Cvs Diagnosis Severity Relation® Outcome
6 Female 27 +5 625 3 Bowel perforation; proven NEC Life-threatening Unrelated Resolved
8 Female 27 +3 900 2 Pericardial effusion; hypotension Life-threatening Unrelated Resolved
10 Female 2542 680 4 Hemothorax hypovolemic shock; DIC Death Unrelated Fatal

disseminated intravascular coagulation.
“Relation to IMP infusion.

GA gestational age, BW birth weight (g), CVS cardiovascular support means number of drugs administered during the early haemodynamic impairment, DIC

needed for a true effect of a given dobutamine dose varies greatly
within subjects, with values ranging from 15 min to >2h. This
raises a methodological issue when evaluating the response to
dobutamine in this vulnerable preterm population. Waiting 2 h to
evaluate the effect of a given dose in order to maximise the
probability to be at the steady state will cause an unnecessary
delay before an eventually needed dose adjustment in infants
with short dobutamine half-life. On the other hand, adjusting the
dose before steady state will possibly lead to dobutamine over-
dosage in infants with long half-life.

Given that the elimination half-life of dobutamine was
unknown, we decided to start our work plan with an exploratory
PK study on a limited number of subjects. Because a too narrow
time-interval between the two blood samples increases the
uncertainty of the calculated half-life value, we decided to have
different time intervals investigated from a subject to another.
These time intervals were chosen to investigate half-lives ranging
between approximately 1 min and 1 h (i.e. the delay between the
two samples corresponding to 5—6 times the elimination half-life),
which seemed likely based on adult data. In human adults, the
elimination half-life of dobutamine is 2—3 min. Dobutamine is
mainly eliminated via the formation of a 3-O-methyl metabolite
produced by catechol-O-methyl transferase, which is expressed in
most, if not all tissues in the body.' This metabolite is
subsequently glucuronoconjugated and excreted in urine and
bile. Dobutamine can also be sulfoconjugated. Conjugates of
dobutamine and 3-O-methyldobutamine are excreted mainly in
urine and to a minor extent in faeces.

There are no available studies in juvenile animals. In a study in
13 critically ill newborns (gestational age of 27—42 weeks)*
in which dobutamine was administered starting at 2.5 pg/kg/min
and increasing to 5 and then to 7.5 pg/kg/min, the mean
calculated threshold value, or the minimum plasma concentra-
tion necessary for a change in cardiac output, was 39 + 8 ng/ml.
The mean plasma clearance rate was 90 + 38 ml/min/kg and was
most consistent with first-order kinetics over the range of dosages
studied. In neonates, no association was found between plasma
clearance and birth weight or gestational age.

In other studies conducted in the paediatric population (age
2 days to 9 years or from 0.13 to 16.6 years), dobutamine dose
ranged from 2 to 15ug/kg/min®?* In one study”® the serum
concentrations varied from 64 to 347ng/ml and the clearance
varied from 32 to 625 ml/kg/min. Clearance of dobutamine was not
affected by age or the added infusion of dopamine?®* Another
study?* found the steady-state plasma concentration of dobutamine
(infusion rate corrected to 5.0 ug/kg/min) ranged between 3.79 and
400 ng/ml and the clearance rate was 151.1 + 47.5 ml/kg/min. Age,
body weight and sex were not related to the value of the
pharmacokinetic parameters. Most post-infusion time—concentra-
tion data were best fit to a bi-exponential function suggestive of a
two-compartment model and the concomitant administration of
dopamine-altered dobutamine’s pharmacokinetics.>* The pharma-
cokinetics of dobutamine in children is linear within the investigated
infusion rates (0.5—20 pg/kg/min).>>’ The important variability
could be related to differences in sulfoconjugation.?®

Pediatric Research (2021) 89:981 - 986

Our mean observed weight-normalised clearance is consistent
with the model recently developed by Hallik et al. in neonates.?
Indeed, when incorporating the mean gestational age and body
weight of our patients within their equation for dobutamine
clearance calculation, the obtained calculated value of 8.67 I/h/kg
is very close to our mean observed value of 9.43 I/h/kg.

Of note, in our study, all four samples drawn 120 min or more
after the first samples corresponded to concentrations less than
the LLOQ. A possible explanation is that the elimination half-life in
these four patients was below 24 min (120/5). We believe the data
obtained from the infants with the longest time intervals cannot
be considered as useless. Indeed, they confirm that dobutamine
half-life is likely <24 min in most infants, which is consistent with
the half-lives that could be measured in the elder population. This
should be taken into account when defining the time window of
further pharmacokinetic samples in future trials.

In light of these and our own results, it can be anticipated that
the dobutamine plasma concentration obtained in a given
neonate with a given infusion rate cannot be predicted. Despite
first-order kinetics indicating non-saturability of the elimination
mechanisms within the dose range studied, inter-individual
differences in dobutamine pharmacokinetics are the reason that
predictable pharmacodynamic responses to dobutamine in the
individual patient are not guaranteed.

The new, age-appropriate drug formulation for dobutamine
used in this study involved the development and preparation of
sterile dobutamine hydrochloride solution for dilution for infusion
with a focus on keeping the formulation as simple as possible
without introducing additional, potentially unnecessary excipients,
containing half the quantity of anti-oxidant (sodium metabisulfite)
compared to other marketed formulations. The new formulation
has been used in preclinical studies by members of the
consortium.>® In this study, six serious adverse events occurred
during the trial in five infants, and two infants died. The adverse
events were not considered to be related to the study drug.

In summary, the wide time range observed for reaching the
plasma concentration plateau corresponding to steady state, among
the preterm infant population during transitional circulation,
suggests a pragmatic approach for conducting PK/PD studies
embedded within clinical efficacy trials. Based on our calculated
range of dobutamine half-lives, a maximum delay to reach steady
state of 180 min can be expected. A delay of 3 h, however, is not
compatible with the standards of care, and maintaining it would
eventually lead to the frequent use of rescue therapy which would
preclude the evaluation of dobutamine’s efficacy. So far, the delay
until a dose increase should be based on clinical data. Attending
physicians should be aware about clinical signs indicating that faster
up-titration is needed, or eventual signs of overtreatment. However,
a delay of at least 2—3 h should be respected before drawing the
blood sample for the efficient dose (if any) in order to have almost
all children at steady state for the second blood sample (first sample
being drawn at the pharmacodynamics evaluation of the first dose).
Finally, a facultative third blood sample could be drawn 15-30 min
after the end of the last infusion in order to have an estimation of
the elimination half-life in the population.
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