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Since a wise man or woman proportions his or her belief
to the evidence [1], this focus on paediatrics discusses
interesting and influential papers that have been pub-
lished in important journals in 2018, related to paediat-
ric intensive care unit (PICU) clinical research. We link
the evidence in these papers to four sections of ‘interven-
tions, setting, outcome and evaluation’

Interventions

Ultrasound for insertion of central venous access
Oulego-Erroz et al. prospectively studied central venous
catheter insertions in 26 Spanish PICUs, and undertook a
propensity matched analysis for 266 procedures [2]. The
use of ultrasound was linked to greater first attempt suc-
cess, and hence fewer complications as compared to the
conventional landmark approach, by reducing the num-
ber of puncture attempts (especially in operators with
less than 5 years of experience).

Non-invasive respiratory support

The Tramontane group of investigators, who previously
published a randomised controlled trial (RCT) in infants
with bronchiolitis, favouring nasal continuous positive
airways pressure (CPAP) over high flow nasal cannula
oxygen [3], followed this up with a further RCT. The sec-
ond Tramontane RCT compared 2 L/min with 3 L/min
of high flow nasal cannula oxygen, in 287 similar infants,
finding that the higher flow rate conferred no benefit and
may have contributed to increased patient distress [4].
The Tramontane investigators acknowledged that a fur-
ther study would help to shore up the evidence support-
ing CPAP over high flow nasal cannula, for non-invasive
respiratory support in PICU.
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Normal saline in resuscitation

Indirect evidence against the use of normal saline in
PICU resuscitation was provided by a single centre,
observational study of 1935 patients by Barhight et al.
which found an independent increased risk of death
amongst the children who experienced the largest
increases in serum chloride during the first day in PICU
[5]. The Barhight findings suggest that prospective inter-
ventional studies may be needed to address outstanding
questions, as to choice of resuscitation fluids in critically
ill children.

Setting: low and middle income countries (LMIC)
Several studies were published related to paediatric
intensive care in LMIC, these noting the great disparity
in the distribution of resources between LMIC and high-
income countries. Argent et al. stressed the importance in
LMIC (even more so than elsewhere) of less costly inter-
ventions targeted towards the diseases responsible for
the largest number of deaths [6]. In particular, emphasis
was placed on new developments focussed on improving
care pathways and better treatment for sepsis. In such an
example, Urayeneza et al. reported the success of an edu-
cational initiative to increase the timeliness of evidence-
based treatments such as antibiotics and fluid boluses, in
a study involving 1594 children presenting with sepsis in
rural Ruanda [7]. Given the increasing number and range
of paediatric cardiac surgical procedures undertaken
in LMIC, the Pediatric Cardiac Intensive Care Society
Global Statement of 2017/2018 provided a series of man-
agement guidelines based on expert opinion, for late pre-
senting congenital heart disease, severe malnutrition and
infections with multi-resistant micro-organisms [8].

Outcome: longer term

In acknowledgement of temporal improvements in early
survival after PICU admission, and increases in the pro-
portion of children surviving with complex and chronic
conditions, health related quality of life (HRQOL) and


http://orcid.org/0000-0002-0729-4959
http://crossmark.crossref.org/dialog/?doi=10.1007/s00134-019-05717-8&domain=pdf

1463

neurodevelopment (ND) have emerged as key outcomes
[9]. These outcomes, though sought after, are more com-
plicated and challenging both to measure and to inter-
pret, than in hospital measures such as length of stay or
mortality [10]. In 2018, Kyosti et al. reported HRQOL in
1109 Finnish children, 6 years after PICU admission, and
found perhaps unsurprisingly, that children with chronic
conditions, ND problems and greater use of health ser-
vices, had poorer HRQOL [11]. A strength of this study
was the identification of participants based on a national
registry, and a drawback was that only 30% of survivors
took part. Unresolved controversies remain as to the role
of baseline HRQOL measurement in critically ill chil-
dren, interpretation of HRQOL values (what represents

a normal versus a significantly low score), and the appro-
priate actions to be undertaken for children who have
low HRQOL or ND scores at follow up [12].

Health care evaluation

PICU researchers frequently debate the challenges
of gathering evidence, given the diversity of case mix,
small numbers in individual diagnostic groups and in
important outcome categories such as deaths. Creative
approaches to make best use of the numbers included:

Consortia for multi-centre observational studies
Contributions, based on observational data, have been
made by associations consisting of multiple PICUs

Table 1 Overview of studies in critically ill children (search terms child, critical care OR intensive care) that are currently
recruiting. Source www.clinicaltrials.gov, accessed June 25,2019

Antibiotic dosing in pediatric intensive care
Apneic oxygenation in the pediatric intensive care unit

NCT02456974
NCT03374046

Assessment of pain monitoring in postoperative pediatric cardiac surgery with analgesia nociceptive index/newborn infant parasympa- NCT02834481

thetic evaluation monitor program

Bedside therapeutic monitoring of beta-lactam levels in newborns, children and adolescents admitted to intensive care
Comparison of tidal volume between pediatric anaesthesia and paediatric intensive care patients

Copeptin and arterial hypotension in critically Ill paediatric and neonatal intensive care patients

Double blinded randomized control trial of types of intravenous fluids in children with diabetic ketoacidosis

Early rehabilitation in critically Il children-the pediatric intensive care unit liberate study

Early versus late parenteral nutrition in the pediatric intensive care unit

Effectiveness of a ventilator acquired pneumonia prevention bundle in the pediatric intensive care unit

Efficacy and safety of dexmedetomidine during weaning from analgesia and sedation in pediatric intensive care unit

Evaluation of computer decision support systems in detection of systemic inflammatory response and sepsis in pediatric patients
Fast exome for diagnosis of congenital conditions in infants under 12 months of age hospitalized in intensive care unit

Helmet continuous positive airway pressure support for severe bronchiolitis in pediatric intensive care units

Improving family meetings in the pediatric cardiac intensive care unit

Improving safety and quality of tracheal intubation practice in pediatric intensive care units
Influence of techniques of chest physiotherapy in the pediatric intensive care unit

Interest of high flow nasal cannula oxygen therapy in pediatric intensive care unit

Long term follow up of children enrolled in the real-time effort driven ventilator management study

Mortality in paediatric intensive care
NEUROIlogical prognosis after cardiac arrest in kids

Pharmacokinetic analysis of midazolam and fentanyl in pediatric patients with long-term analgosedation

Population pharmacokinetics of anti-infectives in critically ill children
PROSpect: prone and oscillation pediatric clinical trial

Pupillometry in pediatric intensive care unit

Reducing adverse events in pediatric intensive care units in argentina

SQUEEZE trial: a trial to determine whether septic shock reversal is quicker in pediatric patients randomized to an early goal directed

fluid sparing strategy versus usual care

Tapering of analgosedation and occurrence of withdrawal syndrome in paediatric intensive care treatment

The ketogenic diet for pediatric acute brain injury

Use of lung ultrasound to diagnose the etiology of respiratory failure in a pediatric intensive care unit

Usefulness of protein-enriched infant formula in pediatric intensive care

Ventilatory monitoring in children with respiratory distress syndrome with electrical impedance tomography

NCT03404089
NCT03877354
NCT03320967
NCT03066440
NCT03573479
NCT01536275
NCT03763695
NCT03645603
NCT03661450
NCT03831035
NCT02977585
NCT03749330
NCT02493478
NCT03112811
NCT03505814
NCT03709199
NCT03969355
NCT03574025
NCT02302391
NCT02539407
NCT03896763
NCT02847195
NCT03924570
NCT03080038

NCT02952846
NCT02174016
NCT03744169
NCT03901742
NCT03768921
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joined together, for a particular purpose (consortia).
Examples include data supporting the use of ultrasound
during placement of paediatric central venous access
(RECANVA collaborative) [2] and identifying the chil-
dren most at risk of unplanned readmission to PICU
(Pediatric Cardiac Critical Care Consortium, PC4) [13].

Analyses of high resolution data from the PICU bedside
PICU specialists are learning how to leverage the
observed vital signs data collected every few seconds
from groups of patients to improve care. Such analytical
techniques can elucidate what vital signs are expected,
for example, Abdelrazeq et al. analysed over 500,000
blood pressure measurements in order to determine the
expected range for children in PICU [14]. Taking this
technique further, Ross et al. used over 50,000 heart rate
and blood pressure measurements in order to profile
responder and non-responder patients in receipt of an
adrenaline bolus [15], and Rusin et al. analysed 72,000 h
of electrocardiogram data in infants with single ventricle
circulation, to develop and validate an algorithm for pre
detection of severe deterioration [16].

Pilot trial to multi centre RCT

The pilot trial enables methods of randomisation, recruit-
ment, delivery of the intervention and data collection
to be tested ahead of the future full scale version multi-
centre RCT. The outcome of a pilot RCT is the feasibility
of undertaking the multi-centre RCT at scale, including
necessary sample size data. The pilot trials for conserva-
tive versus liberal oxygenation targets in critically ill chil-
dren (oxy-PICU) [17] and high flow nasal cannula oxygen
versus CPAP (first ABC) [18], represent ‘for runners’ to
multi centre RCT starting in 2019.

Multi centre trials with serial and multi-dimensional
outputs (‘get the most out of your RCT’)

The Pediatric Early vs Late Parenteral Nutrition in Inten-
sive Care Unit (PEPaNIC) and Therapeutic Hypothermia
after Pediatric Cardiac Arrest (THAPCA) RCTs con-
tinue to produce new evidence. These are high quality
multi centre RCTs, with serial multi-dimensional outputs
including, importantly, ND outcome. PEPaNIC found
that withholding TPN for 1 week in PICU improved
aspects of ND outcome at 2 years [19] and THAPCA
found that across both study groups there were impor-
tant declines in ND outcome at 1 year amongst the high-
est risk patients [20].

Summary and future directions
Although PICU researchers debate the paucity of evi-
dence in almost all areas, our focus paper demonstrates

that progress is being made. Moreover, when we under-
took a search of the clinicaltrials.gov database provided
by the US National Library of Medicine, as an exem-
plar international clinical trials registry, we found an
exciting range of RCTs planned or being conducted
(Table 1). These span interventions from low to the
high technology areas, promising to take the speciality
forwards.
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