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Abstract

Background Knowledge of clinical pharmacology concepts is essential to improve patients’ outcomes. Scarce data
is available on the utilisation of these concepts in the paediatric intensive care unit (PICU). We aimed to investigate
the self-perceived knowledge of clinical pharmacology concepts, educational needs and identify priorities for phar-
macological research across European PICUs.

Methods From July to November 2022 an online survey was distributed to evaluate i) the self-reported knowl-

edge, and ii) application of key pharmacology concepts in clinical practice (using a likert scale from 1=never apply

to 10=always apply); iii) need for additional education on them; and iv) key areas for future pharmacological research.
The survey was distributed to European Society of Paediatric and Neonatal Intensive Care (ESPNIC) members

and other European national PICUs societies members.

Results Two-hundred-thirty-seven responses from 149 PICUs were collected. 54% of PICUs reported to have

a clinical pharmacologist available for consultation during drug prescription and 65% of them regularly contact
them during the prescribing process. Among clinical pharmacology concepts the parameter with the highest
self-reported knowledge was half-life (99%) and the lowest were pharmacodynamics and volume-of-distribution
(92%). The reported median application of these concepts in clinical practice ranged between 5/10 and 7/10. Most
of the respondents reported the need for additional education on specific pharmacology concepts. Reported priori-
ties for drug research mostly involved analgesics/sedatives (87%), antimicrobials (86%), and cardiovascular medica-
tions (55%).

Conclusions Self-reported knowledge on clinical pharmacology concepts seems good, but self-perceived clinical
application may improve and most of the respondents report a need for additional education. These findings call
for concerted multidisciplinary efforts to streamline education and guidelines to fill this gap.
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Introduction

Clinical pharmacology is a key discipline of healthcare
with significant potential to improve patients’ care and
outcomes. It is based on the knowledge of pharmacol-
ogy, defined as the study of drugs and their effects on
the biological system. Knowledge of key clinical pharma-
cology principles includes the understanding of drugs’
mechanism of action, pharmacokinetics and pharma-
codynamics, potential drug-drug interactions, as well as
their safety profiles. The culture of pharmacology refers
to beliefs, practices, and norms which characterise the
field of pharmacology, and may influence the potential
applications of pharmacotherapy in patients’ care across
prevention and treatment. When the knowledge of phar-
macology concepts is insufficient, it can lead to improper
use of medications resulting in increased risks of poten-
tial adverse medication related reactions [1].

Pharmacology in the paediatric population presents
several unique challenges and differs from adults due
to paediatric growth and development. Changes in the
glomerular filtration rate, drug metabolism capacity
and body composition amongst others impact pharma-
cokinetics processes including absorption, distribution,
metabolism and clearance. Based on developmental
pharmacology, dosing recommendations for a safe and
effective therapy cannot be simply derived by linear
extrapolation from adult recommendations [1-3]. The
adequate drug management and dosing in paediatric
critically ill patients is even more challenging due to
markedly altered and variable pharmacokinetic param-
eters in the context of critical illness. Examples include
the increase of apparent volume of distribution following
intravascular perfusion changes and fluid balance strat-
egies; and drug clearance changes affected by cardiac
output, impact on drug metabolism due to inflamma-
tory responses and glomerular filtration rate [4]. Other
comorbidities and extracorporeal therapies may also
severely affect drug metabolism and dosing requirements
[5].

Data from adult populations show that medication
errors are frequent in the intensive care units (ICUs) and
represent 78% of serious medical errors, with potentially
severe consequences [6, 7]. Moreover, despite the pecu-
liarities related to the paediatric age and critical illness,
to date no international dedicated recommendations
on drug dosing personalization are available for criti-
cally ill paediatric patients. In this context, the diffusion
of knowledge and culture of pharmacology may be lack-
ing and multidisciplinary collaboration among experts
in the paediatric intensive care unit (PICU) becomes
essential and mandatory. To date, most of the studies
focused primarily on the detection of medical errors [8]
rather than evaluating the self-perceived knowledge of
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pharmacology, identifying educational gaps, and provid-
ing suggestions for future research areas. To overcome
this gap, the Pharmacology Section of the European Soci-
ety of Paediatric and Neonatal Intensive Care (ESPNIC)
designed and conducted a survey to investigate the actual
perceived knowledge of clinical pharmacology concepts
across European PICUs, as well as to identify knowl-
edge gaps, associated educational needs and research
priorities.

Methods

Study design and ethics approval

We conducted a cross-sectional anonymous electronic
survey focused on the knowledge of clinical pharma-
cology concepts and the associated educational needs
among European PICUs. The survey was designed by
the ESPNIC Pharmacology Section following the Ameri-
can Association for Public Opinion Research (AAPOR)
guidelines [9]. Since no demographic, clinical or out-
come patient data were collected in this survey, ethical
approval was not deemed necessary.

Survey development and testing

The survey was developed in English and formatted using
a website Google Form' (https://www.google.com/
forms/about/) instrument for distribution. Data were
stored in a password protected excel file with access lim-
ited to first and last author of the manuscript. The sur-
vey was designed by the ESPNIC Pharmacology section,
which is multidisciplinary in nature as it is composed by
physicians, nurses, pharmacologists and clinical pharma-
cists. Among the 15 authors of the survey, 12 are PICU
intensivists, one physician with both specialties in inten-
sive care and pharmacology and two authors are pharma-
cologists. The question domains and specific questions
were constructed through an extensive review of the liter-
ature focusing on significant studies concerning the most
contentious aspects of pharmacology knowledge and
medication errors in both pediatric and adult literature.
Subsequently, the survey authors evaluated this review
during Zoom meetings, where theoretical knowledge
intersected with experiential multidisciplinary insights
from practice. Subsequently, the survey was piloted by 10
healthcare professionals, paediatric intensivists or clini-
cal pharmacologists, in order to test it for clarity and face
validity, with a following adaptation of the questions [10].
The survey consisted of 33 questions, divided into three
sections, and required 15 min on average to be com-
pleted (Supplemental file 1): Part A) ICUs and respond-
ent’s characteristics, for the definition of ICU location,
type, and size and clinical pharmacologist availability for
drug prescription; Part B) a. knowledge and application
of key clinical pharmacology concepts such as clearance,
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volume of distribution, half-life time, pharmacokinetics
and pharmacodynamics expressed as a Likert scale from
1 to 10 (from 1=never apply to 10=always apply), and
the b. need for more education on each of them; Part C)
questions regarding the knowledge on the drug prescrip-
tion adjustment in some clinical scenarios (e.g. Continu-
ous Renal Replacement Therapy [CRRT], ExtraCorporeal
Membrane Oxygenation [ECMO], sepsis, burns), and
what drug/class of drugs should be considered a priority
for drug research. We used single- and multiple-choice
closed-ended questions to facilitate analyses and com-
parisons, as well as free-text ones to allow the extrapola-
tion of more detailed information on each topic. It was
not compulsory to answer to all the questions and in the
manuscript’s tables we reported the number of responses
in round brackets.

Recruitment of European PICUs and data collection

This survey targeted prescribing staff working in PICUs
in Europe (i.e. exclusive paediatric ICUs, mixed neona-
tal and paediatric ICUs, and mixed adult and paediatric
ICUs). Using the ESPNIC network, as well as the ESPNIC
dedicated official newsletters and social media account
(official handle of ESPNIC: @ESPNIC_Society) and other
European national PICU societies members, the ques-
tionnaire was spread across Europe using a dedicated link
created from the Google Form instrument. No identify-
ing data regarding staff or patients was collected and con-
sent was implied by completing the survey. We accepted
more than one response from each ICU, in order to high-
light the variability in knowledge and the application of
pharmacology concepts in the daily clinical practice. All
responses received between July and November 2022
were included in the analysis. Responses from non-pre-
scribing staff and incomplete responses were excluded.
To maximise the response rate, reminders were sent
every 14 days (6 in total) through the ESPNIC network,
the official ESPNIC social media account (@ESPNIC_
Society in Twitter) and newsletter every month.

Data analysis

Raw data downloaded from Google Form were checked
for data completeness. Data were analysed using STATA
(version 17.0, StataCorp LP, College Station, TX, USA).
Descriptive data were reported as number and frequency
for categorical variables, and median and interquar-
tile ranges (IQR) for continuous variables, given their
non-parametric distribution. Pharmacology knowledge
and need for further education were subsequently com-
pared between two groups of PICUs, based on the avail-
ability of a clinical pharmacologist during the prescribing
process, and comparing junior (<40 years) and senior
(>40 years) prescribers. The Pearson Chi-square test or
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the Fisher-exact test when appropriate (n<5 in>20%
cells) were used for comparison of categorical variables.
The non-parametric U Mann—Whitney test was used for
comparison of continuous or ordinal variables.

Results

Survey respondents and PICUs characteristics

After applying exclusion criteria, a total of 237 responses
from 149 PICUs and 24 countries were collected during
the study period (Fig. 1). PICUs and respondents’ char-
acteristics are reported in Table 1. All the respondents
of the survey were physicians, most of them specialised
in Anaesthesia (106, 45%) or Paediatrics (96, 41%), pri-
marily employed by academic/teaching hospitals (219,
92%). Most of the units are exclusively paediatric PICUs
(151, 64%), while a minority are mixed adult and paedi-
atric ICUs (9, 4%). Clinical pharmacologists are avail-
able for consultation during drug prescription in 54%
of the PICUs, and 65% (53/81) of the respondents regu-
larly contact them during the prescribing process. Hos-
pital pharmacists are regularly contacted by 45% of the
respondents.

Pharmacology knowledge, application and educational
needs

Table 2 reports data on knowledge of pharmacology con-
cepts, their application and associated educational needs,
comparing PICUs according to clinical pharmacologist
availability. Self-reported knowledge on pharmacology
concepts varies from 99% for the half-life concept to 92%
for the volume of distribution and pharmacodynamics.
PICUs with a clinical pharmacologist available demon-
strate a higher knowledge on volume of distribution (95%
vs 88%, p=0.020) and pharmacodynamics (96% vs 87%,
p=0.005). Application of these concepts in the clini-
cal practice ranges from 5/10 (IQR 3-7) for volume of
distribution to 7/10 for half-life (IQR 5-8) and pharma-
cokinetics (IQR 5-8), with no difference if a clinical phar-
macologist is available onsite (p=0.605 for clearance,
p=0.624 for volume of distribution, p=0.197 for half-
life, p=0.348 for pharmacokinetics, p=0.119 for phar-
macodynamics). Most of the respondents reported the
need for additional education to increase their knowl-
edge on all the pharmacology concepts, with volume of
distribution (88%), clearance (86%) and pharmacody-
namics (86%) concepts being the most reported. Half-life
is the most often evaluated parameter during prescrip-
tion and with less need for additional education (21%).
Junior prescribers reported a significantly higher need
for additional education in multiple concepts (clearance
94% vs 82%, p=0.038; volume of distribution 96% vs 84%,
p=0.016, half-life 83% vs 72%, p=0.048; and pharmaco-
dynamics 94% vs 82%, p=0.030) and a significant lower
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Fig. 1 Total survey responses per country

application of these concepts in clinical practice (volume
of distribution, p =0.016; half-life, p=0.001; pharmacoki-
netics, p=0.026) (Supplemental File 2).

Evaluated parameters during drug prescription and dose
adjustment

Most of the respondents declare the need for addi-
tional education on drugs’ pharmacokinetic character-
istics to understand the correct timing to prescribe a
bolus to achieve the optimal drug concentration (80%),
to increase the rate of continuous infusion (81%) and

the pharmacokinetics changes during some diseases
(80%). A similar need for more education was identi-
fied regarding the modality to adjust drug prescription
in patients treated with CRRT (74%) and ECMO (87%).
Overall, most of the respondents reported always using
therapeutic drug monitoring (65%) and state that they
consider the use of pharmacokinetics models when
appropriate (68%) for drug dose adjustment. Respond-
ents indicated that they tend to regularly adjust drug
dosing according to renal function (95%), patient’s age
(92%) and actual daily body weight (87%). Respondents
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Table 1 Demographic characteristics and organizational aspects of the PICUs
Characteristic Responses Single PICUs
n=237 n=149
Respondent Age, years, n (%)
-20-30 8(3) /
-30-40 75 (32) /
-40-50 86 (36) /
->50 68 (29) /
Respondent professional specialty, Yes, n (%) [more than one response possible]
-Physician specialized in Pediatrics 165 (70) /
-Physician specialized in Anaesthesiology 67 (28) /
-Physician specialized in Neonatology 45 (19) /
-Physician specialized in General or Cardiac Critical Care 40(17) /
-Physician specializd in Surgery 12 (5) /
Type of ICU, n (%)
-Exclusive pediatric ICU 151 (64) 86 58)
-Mixed Neonatal and Pediatric ICU 77 (33) 5537)
-Mixed Adult and Pediatric ICU 9(4) 8(5)
Admission of Cardiac Patients, Yes, n (%) 102 (43) 54 (36)
Maximum bed capacity, n (%)
-<5 94) (6)
-5-10 75(32) 48 32)
-10-20 113 (48) 69 (46)
->20 40 (17) 23(15)
Number of admissions per year, n (%) [N=235] [IN=147]
-<100 2(1) 2(1)
-100-250 47 (20) 35(24)
-250-500 87 (37) 47 (32)
->500 98 (42) 63 (43)
Academic Hospital, Yes, n (%) 219 (92) 138 (93)
Clinical pharmacologist available in prescribing, Yes, n (%) 140 (59) 81 (54)
Clinical pharmacologist regularly contacted for prescriptions, Yes, n (%) [N=140] 96 (69) [N=81]53 (65)
Hospital pharmacist regularly contacted for prescriptions, Yes, n (%) 106 (45) 60 (40)

ICU Intensive care unit

reported that they consider clinical pharmacology less
in ECMO (37%) or according to serum albumin level
(27%), with no difference depending on the availability
of a pharmacologist except for the presence of ECMO
(p=0.037). Senior prescribers regularly consider, sig-
nificantly more than juniors, drug-drug interactions
(p=0.006), presence of obesity (p=0.035) and serum
albumin levels (p=0.005) (Table 3 and Supplemental
File 3).

Research priorities

Respondents research priorities in pharmacology
mainly focus on drug-specific topics such as anal-
gesics/sedatives (87%), antimicrobials (86%), and

cardiovascular medications (55%), less on the general
clinical pharmacology questions, e.g. impact of disease,
age, obesity, treatment modality; (Fig. 2).

Discussion

Our multinational European survey on pharmacology
and associated educational needs in PICUs across Europe
surveyed 237 prescribing staff members from 24 coun-
tries and demonstrated an overall good self-perceived
knowledge on clinical pharmacology concepts in PICU.
However, prescribers reported a need for additional
education on most of the domains, especially on phar-
macokinetics, and drug-dosing adjustment during extra-
corporeal treatments like CRRT and ECMO. We may
suppose that optimal pharmacological treatment in the
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Variable Total Clinical Clinical P
Responses  pharmacologist NOT pharmacologist
n=237 available available
n=97 n=140

Knowledge of definition of Clearance, Yes, n (%) 227 (96) 90 (93) 137 (98) 0.056
Do you apply Clearance in clinical practice, scale 1-10, median (IQR) 6 (4-8) 6 (4-8) 6 (4-8) 0.605
Need for more education on Clearance, n (%) (n=227/90/137)

-I need additional education to increase my knowledge on this parameter 195 (86) 81 (90) 114 (83) 0.356

-l always consider this parameter and | do not need additional education 25(11) 7(8) 1813)

-lam not interested in additional education 7 (3) 22 5(4)
Knowledge of definition of Volume of Distribution, Yes, n (%) (n=236/96/140) 218(92) 84 (88) 134 (96) 0.020
Do you apply Volume of Distribution in clinical practice, scale 1-10, median (IQR) 5 (3-7) 5(3-7) 5(3-7) 0.624
Need for more education on Volume of Distribution, n (%)

-I need additional education to increase my knowledge on this parameter 209 (88) 85 (88) 124 (89) 0.658

-l always consider this parameter and | do not need additional education 21(9) 9(10) 11(8)

-l am not interested in additional education 7(3) 2(2) 5(4)
Knowledge of definition of Half-Life, Yes, n (%) 234 (99) 97 (100) 137 (98) 0.147
Do you apply Half-Life in clinical practice, scale 1-10, median (IQR) 7 (5-8) 7 (5-8) 8 (6-8) 0.197
Need for more education on Half-Life, n (%)

-I need additional education to increase my knowledge on this parameter 180 (76) 79 (81) 101 (72) 0.241

-l always consider this parameter and | do not need additional education 49 (21) 15(16) 34 (24)

-l'am not interested in additional education 8(3) 3(3) 5(4)
Knowledge of definition of Pharmacokinetics, Yes, n (%) 230(97) 92 (95) 138 (99) 0.096
Do you apply Pharmacokinetics in clinical practice, scale 1-10, median (IQR) 7 (5-8) 6.5 (5-8) 7 (5-8) 0.348
Need for more education on Pharmacokinetics, n (%) (n=235)

-I need additional education to increase my knowledge on this parameter 196 (83) 84 (87) 112 (81) 0464

-l always consider this parameter and | do not need additional education 32(14) 10 (10) 22(16)

-lam not interested in additional education 7(3) 3(3) 4 (3)
Knowledge of definition of Pharmacodynamics, Yes, n (%) 219(92) 84 (87) 135 (96) 0.005
Do you apply Pharmacodynamics in clinical practice, scale 1-10, median (IQR) 6 (4-8) 5(3-8) 6 (4-8) 0.119
Need for more education on Pharmacodynamics, n (%) (n=234/96/138)

-I need additional education to increase my knowledge on this parameter 201 (86) 87 (91) 114 (83) 0.203

-l always consider this parameter and | do not need additional education 24 (10) 6 (6) 1813)

-l'am not interested in additional education 9(4) 3(3) 6 (4)

PICU is paramount for providing patients with the high-
est standard of care and preventing conceptual errors.
Our data underscore the significance of this aspect, high-
lighting the need for implementing educational activities
within the pediatric critical care setting. Junior prescrib-
ers reported less application of pharmacological concepts
and a higher need for education on them. Therefore,
educational efforts should be made at all stages of medi-
cal training, given that juniors are the main prescribers of
drugs in PICUs.

As a confirmation of the importance of clinical phar-
macology within the healthcare system, our survey
showed that dedicated trained clinical pharmacologists
are available for consultation in more than half of the

PICUs, and that 2/3 of the surveyed health profession-
als queried them during the prescribing process. Our
data demonstrated minimal impact of the presence of a
clinical pharmacologist on the proficiency of personnel
in pharmacokinetics knowledge (eg. on the knowledge
of volume of distribution and pharmacodynamics).
Moreover, our survey did not explore the role of the
clinical pharmacologist in both educating the health-
care personnel in the PICUs on pharmacology concepts
and verifying their correct application in daily clinical
practice. We therefore believe that it is essential for the
clinical pharmacologist to assume the role of educa-
tor in this area to fill this gap and improve the clinical
management of patients in PICU. Furthermore, clinical
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Table 3 Parameters considered during drug prescription comparing ICUs according to clinical pharmacologist availability

Variable Total Clinical Clinical p
Responses pharmacologist NOT pharmacologist
n=237 available available

n=97 n=140

Do you consider Pharmacokinetics characteristics of the drug to know when to prescribe a bolus to achieve the optimal drug concentration? n (%)
(n=236/97/139)

-I need additional education to increase my knowledge on this parameter 189 (80) 83 (86) 106 (76) 0.190
-l always consider this parameter and | do not need additional education 42(18) 13(13) 29 (21)
-l am not interested in additional education 5@ 1(1) 4(3)

Do you consider Pharmacokinetics characteristics of the drug to know when to administer a bolus to increase the rate of the continuous infusion? n
(%) (n=234/97/137)

-I need additional education to increase my knowledge on this parameter 189 (81) 84 (87) 105 (77) 0.149
-l always consider this parameter and | do not need additional education 40(17) 12(2) 28 (20)
-l am not interested in additional education 502 1(1) 4(3)

During drug prescription, do you consider some diseases (sepsis, burns...) may modify Pharmacokinetics? n (%) (n=235/96/139)
- need additional education to increase my knowledge on this parameter 189 (80) 78 (81) 11 (80) 0917
-l know these settings and | do not need additional education 44(19) 17 (18) 27 (19)
-l am not interested in additional education 2N 1(1) 1(1)

Knowledge how to adjust drug prescription in patients treated with Continuous Renal Replacement Therapy? n (%) (n=234/96/138)

-I need additional education to increase my knowledge on this parameter 172 (74) 73 (76) 99 (72) 0.242
-l know this setting and | don't need additional education 54(2)3 22 (23) 32(23)
-l am not interested in additional education 8(3) 1(1) 7 (5)

Knowledge how to adjust drug prescription in patients treated with Extracorporeal Membrane Oxygenation? n (%) (ECMO not available=134/52/82)

-I need additional education to increase my knowledge on this parameter 117 (87) 45 (87) 72 (88) 0.756
-l know this setting and | do not need additional education 13 (10) 6(12) 7(9)
-lam not interested in additional education 4(3) 102 3(4)
During drug prescription, do you consider therapeutic drug monitoring in adjusting the drug dosing? n (%) (n=232/95/137)
-l always consider this data 151 (65) 62 (65) 89 (65)
-| consider this parameter only to evaluate toxicity 70 (30) 28 (30) 42 (31)
- consider this parameter only to evaluate efficacy 11(5) 5(5) 6 (4) 0.942
During drug prescription, do you consider available Pharmacokinetics models in adjusting the drug dosing? n (%) (n=236/97/139)
-| consider this parameter only for some drugs 160 (68) 57 (59) 103 (74) 0.046
-I do not consider this data 44 (19) 23 (24) 21(15)
-l always consider this data 32(14) 17 (18) 15(11)
Data REGULARLY considered in prescribing and adjusting the dosing of drugs, n (%)
-Renal function 225 (95) 92 (95) 133 (95) 0.957
-Patient’s age 217 (92) 86 (89) 131 (94) 0.181
-Actual daily body weight 205 (87) 84 (87) 121 (86) 0.970
-Liver function 200 (84) 80 (83) 120 (86) 0.499
-Patient’s condition 185 (78) 70(72) 115(82) 0.068
-Drug-drug interactions 161 (68) 61 (63) 100 (71) 0.166
-Presence of Continuous Renal Replacement Therapy 144 (61) 56 (58) 88 (63) 0427
-Observed effects 121 (51) 46 (47) 75 (54) 0352
-Tolerance 117 (49) 45 (46) 72(51) 0.446
-Presence of obesity 96 (41) 42 (43) 54 (39) 0.466
-Presence of Extracorporeal Membrane Oxygenation 87 (37) 28 (29) 59 (42) 0.037
-Serum albumin 63 (27) 22 (23) 41 (29) 0.258
Data SOMETIMES considered in prescribing and adjusting the dosing of drugs, n (%)
-Patient’s age 35(15) 17 (18) 18 (13) 0319
-Patient’s condition 41(17) 20 (21) 21 (15) 0.261
-Actual daily body weight 40(17) 18 (19) 22 (16) 0.566
-Presence of obesity 96 (41) 42 (43) 54 (39) 0.466
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Table 3 (continued)
Variable Total Clinical Clinical p
Responses pharmacologist NOT pharmacologist
n=237 available available
n=97 n=140
-Tolerance 77 (33) 35 (36) 42 (30) 0326
-Liver function 50 (21) 24 (25) 26 (19) 0.252
-Renal function 37(16) 15 (16) 22 (16) 0.958
-Serum albumin 101 (43) 44 (45) 57 (41) 0477
-Drug-drug interactions 80 (34) 31 (32 49 (35) 0.626
-Observed effects 65 (27) 30(31) 35 (25) 0315
-Presence of Extracorporeal Membrane Oxygenation 38(16) 16 (17) 22 (16) 0.872
-Presence of Continuous Renal Replacement Therapy 51(22) 18 (19) 33(24) 0356
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Fig. 2 Research priorities according to the respondents

practices frequently diverge from evidence-based treat-
ment protocols in children, accentuating the critical
role of clinical pharmacologists in ensuring optimal
therapeutic approaches [11].

An important milestone in the realm of clinical phar-
macology has been the realisation that pharmacology,
and by extension pharmacotherapy, exhibits notable
specific needs when applied to paediatric patientsl.
The rapid physiological changes accompanying growth,
including the maturation of liver and kidney func-
tion and organ-specific growth, a process known under
the definition of developmental pharmacology, pro-
foundly influence drug pharmacokinetics and pharma-
codynamics, particularly in the neonatal period and the
first year of lifel. Similar distinctive characteristics and

considerations have been identified and validated among
pediatric patients admitted to the ICU but the presence
of critical illness instigates significant alterations in sys-
temic and organ-specific homeostasis, leading to further
altered changes in dosing requirements and making the
clinical picture even more complex [12—14]. Moreover,
the use of extracorporeal organ support equipment, such
as CRRT and ECMO, may further alter drug pharma-
cokinetics and pharmacodynamics [12, 13]. Finally, the
problem of the use of off-label drugs in pediatrics and the
low level of evidence for these drugs increase the risk of
potential lack of efficacy and toxicity [15]. In this intri-
cate landscape, the paediatric critically ill patient receiv-
ing intensive care emerges as a unique and multifaceted
entity from a pharmacological standpoint.
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For this reason, it seems essential that additional and
dedicated education is required for neonatologists and
paediatric critical care prescribers. Particularly the
knowledge of pharmacokinetics and pharmacodynamics
developmental pharmacology and the impact of covari-
ates related to environmental issues (e.g. critical illness)
or new treatments such as ECMO, CRRT should be guar-
anteed in PICUs. Clinical trials with physiologically based
pharmacokinetics models in different settings should be
promoted in pediatric ages to increase the understanding
of these drugs and their application in PICU [16].

Considering our data, the respondents reported the
use of therapeutic drug monitoring when available and
underlined the importance of using physiologically
based pharmacokinetics models when appropriate for
drug dose adjustment. This is an area mainly developed
recently, usually starting from existing models created for
adults [17].

A known difficult setting for dose adjustment is the
presence of extracorporeal treatments. Pharmacokinetics
is modified, particularly the volume of distribution. The
presence of drug absorption by circuit component and
the possible patient’s organ failure altered pharmacoki-
netics in a significant way making necessary the thera-
peutic drug monitoring, if available. Otherwise, drug
efficacy and toxicity should be regularly assessed moni-
toring the patient and laboratory analysis [18].

From our survey, the main priorities in drug research
highlighted by the respondents are related to analgesics/
sedatives, antibiotics, and cardiovascular drugs. Practices
related to analgesia and sedation in European PICUs are
known to be highly variable, and efforts should be made
to standardize and offer high-level evidence based edu-
cation in this field [19-22]. Similarly, strategies to opti-
mise antimicrobial dosing (amongst others antimicrobial
stewardship programs) must be prioritised, due to the
increase of multidrug resistance bacteria in recent years,
which is recognized as a major threat worldwide [23-25].
In addition, several studies demonstrated that paediatric
critical patients are frequently underexposed to antimi-
crobial therapies, which could have an important impact
on patients’outcomes [26]. Although a recent ESPNIC
survey has shown that 88% of the 60 European PICUs
included had an antibiotic stewardship program imple-
mented, there seems to be a need to further expand this
effort and involve PICU physicians within these pro-
grams [27]. Knowledge on cardiovascular medications
also stood up as a research priority, reflecting how the
field of paediatric cardiac critical care has developed rap-
idly in the last thirty years [28]. Outcomes of neonates
and children with congenital heart diseases have signifi-
cantly improved during this timeframe, mainly due to
exponential advances in technologies and an expanding
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collection of pharmacotherapies [28]. However, a recent
proof-of- concept study on the level of scientific evidence
to support dosing requirements for cardiovascular drugs
in children showed that only low-quality efficacy stud-
ies were available for the majority of the off-label cardio-
vascular drugs [29]. Overall, collaborative research and
education efforts are needed in all these fields, and these
should include not only novel investigations, but also
the development of expert-based consensus guidelines
and an effective and equal distribution of this achieved
knowledge worldwide. Antiepileptic drugs, which have
shown the highest risk related to drug-drug interac-
tions, were not included in our list of priorities as an
option and we acknowledge this as a limit of our study
[30]. Nevertheless, in the survey it was allowed the pos-
sibility to choose “other” within the research priorities,
but only a minority of the respondents reported this class
of drugs and not less important, the literature is scarce if
we search similar studies related to this topic. In a pre-
vious survey conducted by Keijsers et al.,, pharmacists
and general practitioners were evaluated for their phar-
macology knowledge and pharmacotherapy skills using
a written assessment comprising 51 questions. The study
reported higher scores among the pharmacist group, but
the results were opposite for physicians. Unlike our sur-
vey, the design of this study aimed to measure effective
knowledge rather than self-perceived knowledge. How-
ever, the final message remains similar, as the authors
emphasized the importance of continuous education
throughout one’s professional career [31].

Our survey has some limitations. First, we could not
collect data from each European country, partly due to
lack of contacts, limited knowledge about the respective
infrastructures, and language barriers. Furthermore, we
could not calculate the response rate, since we did not
have the denominator of prescribing staft across Europe.
Nevertheless, we had a high number of responses, and it
should be noted that it would have been particularly chal-
lenging to retrieve the exact number of these features in
all the European PICUs. Second, we could not explore all
aspects of pharmacology knowledge and we could have
missed questions on some specific drug class due to con-
straints of how extensive the survey would have become.
Third, since our survey was limited to European centres,
we cannot extrapolate our findings to other PICUs glob-
ally, where the resources available may differ. Fourth, the
possibility of respondent bias could not be avoided, being
inherent to every survey such as the misinterpretation
of some words (eg. we did not specify the frequency of
“regular contact with the pharmacologist”) or we did not
specify if a pharmacist may be also a pharmacologist and
viceversa. Fifth, we did not include in our list of research
priorities the antiepileptics, a class of drugs which may
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have high potential of interactions. Last, we did not col-
lect data regarding the type of care within the hospi-
tals (i.e. primary vs secondary vs tertiary level of care),
therefore we could not compare results according to this
difference.

Conclusions

Self-perceived knowledge of clinical pharmacology con-
cepts seems overall good. However, the self-perceived
clinical application of pharmacology knowledge is not
reported as optimal and most of the respondents report a
crucial need for additional education. These findings call
for concerted efforts from the paediatric critical care and
pharmacology communities to engage in strong global
initiatives for education, training, research, and guide-
lines development on pharmacology in the PICU.
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