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Summary 
 

Background 

There are two α2 agonists used in sedation in paediatric critical care in 

Ireland. Firstly, the older medication clonidine and secondly the newer, more 

selective, α2 agonist dexmedetomidine. Neither agent is licensed for use in 

paediatrics despite both being in routine clinical use. Not being licensed in 

children has meant both medications bypassed formal efficacy and safety 

studies in children during their development. This thesis aimed to address 

current knowledge deficits and provide an evidence base for the use of α2 

agonists as sedatives in mechanically ventilated children.  

Methods 

The thesis consists of four studies. An initial systematic review aimed to 

describe existing evidence for the efficacy of α2 agonists from previously 

published randomised controlled trials and observational studies. The study 

aimed to investigate the impact of the addition of an α2 agonist on time at 

sedation target as measured by a validated sedation scale. Secondary 

outcomes measured concomitant opioid and benzodiazepine dosage. 

Lessening concomitant use of other opioids and benzodiazepines could 

reduce adverse effects associated with their use. 

 

Following the systematic review, a descriptive observational study was 

conducted. The purpose of this study was to establish baseline sedation 

outcomes and establish if routinely gathered sedation scores could be used 

to assess the effectiveness of sedative regimens. The study was conducted 

in the PICU at Our Lady’s Children’s Hospital, Crumlin (OLCHC). This PICU 

is the largest in Ireland with over 1200 annual admissions. Children over 18 

months admitted from January to June 2016 were included.Sedation was 

assessed using the validated COMFORT Behaviour scale. 

 

The descriptive study informed the design of a comparative effectiveness 

study of α2 agonists at OLCHC and Temple Street, Children’s University 

Hospital (TSCUH). The comparative effectiveness study examined the effect 
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of exposure to an α2 agonist on time adequately sedated alongside 

concomitant morphine and midazolam use. Exposed children were matched 

to unexposed children using propensity score matching. 

 

Results of the comparative effectiveness study and from the systematic 

review suggested clonidine is underdosed in Irish PICUs. A final study 

investigated optimising dosing of clonidine. A pharmacokinetic simulation 

study examined the therapeutic plasma clonidine concentrations obtained by 

a variety of potential dosage regimens.  

 

Results 

This systematic review included the results of six trials of α2 agonists (three 

trials of each agent) alongside twelve observational studies of 

dexmedetomidine use. Overall, clonidine has shown efficacy as an opioid-

sparing agent in mechanically ventilated neonates while dexmedetomidine 

may shorten time to extubation and opioid requirements. Dexmedetomidine 

trials were smaller and of lower methodological quality. Included studies of 

both α2 agonists typically did not use primary outcomes based on validated 

sedation scores. Instead, they focussed on other outcomes such as 

concomitant opioid use and time to extubation. 

The descriptive observational study reported sedation outcomes in 

mechanically ventilated children addressing the limitations of previous 

studies identified in the systematic review. It showed that routinely collected 

nursing sedation scores could be used to quantify sedation success for 

research purposes. Approximately three-quarters of included children had 

less than 80% of the time at sedation target, the chosen definition of sedation 

failure. Oversedation was more common than undersedation. 

The subsequent comparative effectiveness study found those exposed to an 

α2 agonist had a higher time adequately sedated versus the unexposed 

group. This benefit was observed in clonidine-treated children and not in 

children treated with dexmedetomidine. Opioid and benzodiazepine sparing 

were not observed. Dexmedetomidine use was infrequent and not 

associated with improved sedation outcomes. 
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The pharmacokinetic simulation study found that the dosages of clonidine 

used in Irish PICUs are unlikely to attain sufficiently high plasma 

concentrations for a full therapeutic effect. The study supported a dosage 

regimen of an initial loading dose of 2 µg/kg (with intermittent rescue doses if 

insufficient sedation achieved) followed by a continuous infusion of up to 2 

µg/kg/hr titrated according to sedation scores. Doses should be halved in 

neonates. 

 

Conclusion 

The published evidence base to support the use of α2 agonists is limited. 

Clonidine has shown efficacy as an opioid-sparing agent in mechanically 

ventilated neonates while dexmedetomidine may shorten time to extubation 

and reduce opioid requirements. Sedation outcomes in current clinical 

practice are currently relatively poor, with most children requiring multiple 

agents to maintain adequate sedation. The results of the comparative 

effectiveness study suggest clonidine is a useful alternative sedative agent 

for use in sedation regimens; however, the hypothesised opioid-sparing 

effects are not seen at the doses used in Irish PICUs. The pharmacokinetic 

simulation study found that current clonidine dosage regimens are often 

insufficient. This thesis provides an up-to-date evidence base for α2 agonist 

use in paediatric critical care and should inform future studies to optimise 

their use.  
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1.1 Background 

This introductory chapter provides a background on medication use in 

paediatrics, current knowledge on sedation practices and a description of the 

characteristics of the α2 agonists being studied in this thesis. The chapter 

concludes by detailing the aim and specific objectives of the thesis and 

providing an outline of the structure of the thesis. 

1.2 Use of medication in children 

Paediatrics is the branch of medicine that encompasses the prevention and 

treatment of diseases in children. It is a broad field of both medical conditions 

and patient types. In 2010 around 21% of Europeans were children, 

representing more than 100 million people.(1) Use of medication in children 

presents many challenges to healthcare practitioners. Healthcare 

professionals caring for children may have patients ranging from preterm 

infants, weighing less than one kilogram to adolescents with adult body 

weights. Childhood is also a time of rapid development and growth. Children 

are not just “small adults” but undergo physiological changes in their first 15-

20 years that far outstrip those of the following 30-40 years.(2) Although 

children are a heterogeneous population, they may be classified into age 

groups. The European Medicines Agency (EMA), responsible for regulating 

medications use in children in Europe, classifies children in five age groups 

as shown in Table 1.(3) 

Table 1: European Medicines Agency (EMA) Age Classification 

Classification Age 

Preterm newborn infant <37 weeks gestation 

Term newborn infant 0-27 days 

Infants and toddlers 28 days- 2 years 

Children 2-11 years 

Adolescents 12 to 16-18 years (depending on region) 
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The purpose of medication regulation and licensing is to ensure medications 

are effective, safe and of suitable quality for use in their intended population. 

One of the principal difficulties with the use of medications in children 

continues to be the lack of paediatric specific evidence supporting their 

efficacy and safety. This problem arises from the historical exclusion of 

children from clinical trials.(4) An inability to provide informed consent meant 

it was traditionally considered unethical to expose children to experimental 

treatments.  

Research in the area of paediatrics is considered a challenging process. The 

term “therapeutic orphans” was coined in 1968 to describe the gap between 

the need to protect children from exposure to risk arising from research 

participation and the consequent lack of evidence-based medication 

available to treat their illnesses.(5) Additionally, conditions affecting children 

are often relatively rare, making it logistically difficult and more expensive to 

recruit children to Randomised Controlled Trials (RCTs) relative to adults. 

Furthermore, a lack of suitable paediatric formulations prohibits flexible 

dosing for growing children. Most marketed medications are solid oral 

dosage formulations such as tablets which are unsuitable for younger 

childhood cohorts. The absence of RCTs in paediatrics and the lack of 

suitable paediatric formulations have the following implications (6) 

1. The use of medications in children that were only intended for use in 

adults in an off-label manner. 

2. The manipulation of adult dosage forms to deliver a paediatric dose, 

for example, splitting tablets rendering them unlicensed medications 

or using medications not approved in that jurisdiction. 

Off-label prescribing refers to the prescribing of a product with a marketing 

authorisation in a manner that deviates from the conditions set out in that 

marketing authorisation. These marketing authorisation conditions usually 

reflect the information derived from the clinical studies carried out before 

granting of the marketing authorisation. Hence, studies that excluded 
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children from participation led to a product license that also excluded use in 

children.  

Unlicensed medications are medications that do not have a marketing 

authorisation for any use in that country or have been altered from their 

original licensed state. Examples include crushing and dispersing tablets, 

formulating an extemporaneous preparation from authorised products or 

importing medications authorised only in other jurisdictions. Importing 

medications authorised elsewhere is particularly pertinent in Ireland; due to 

our small market size, pharmaceutical companies often consider it 

commercially unviable to seek a marketing authorisation to make an Irish 

licensed product available. 

In response to growing dissatisfaction with the lack of licensed medications 

in children, the European Union Paediatric Regulation (EC) N° 1901/2006 

came into effect in January 2007.(7) This regulation aims to facilitate the 

development and availability of medications for use in children in the 

European Union. Industry incentive schemes are primarily used to achieve 

this. All medications seeking a license for adults must also undergo a 

Paediatric Investigation Plan (PIP) to gather safety and efficacy information if 

there is a reasonable prospect that the medication will be used in children. In 

return, the company is rewarded with an extension of their patent exclusivity 

for that medication. A waiver for a PIP may be granted if it is unlikely the 

medication will be used in children.  

These regulatory interventions have had some success although problems 

remain. A five-year progress report highlighted some small gains in 

paediatric licensing linked to PIPs without delays to the development of adult 

medications.(1) An obstacle is that much of the pipeline research of the 

pharmaceutical industry is in disease areas such as cancer, obesity and the 

area of biotechnology developing monoclonal antibodies for precision 

medicine. These new medication approvals from PIPs are unlikely to 

translate into day-to-day prescribing for common childhood conditions in 

which there are currently no licensed options available to prescribers. 
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There has also been a debate about how ethical this new regulatory 

approach is.(8) One of the problems cited is how several trials of a rare 

disorder, for example, a rare cancer disorder have to “compete” for the few 

patients diagnosed with these conditions worldwide to fulfil PIP requirements. 

Variation in global healthcare access also means that a disease is often only 

detected early in first world countries. Hence, even though a global incidence 

of disease may be estimated, the reality is that this is an overestimation of 

those who could be enrolled in an RCT. Investigators subsequently risk 

struggling to enrol patients and are unable to provide useful safety 

information. Instead of “therapeutic orphans”, these children have been 

labelled “therapeutic hostages” enrolled in “ghost studies” with a low 

probability of successful completion. It is argued they would be better off 

being treated in an off-label manner under the care of specialists alongside 

close clinical monitoring.(8) 

The potential of a safety trade-off also arises with the establishment of 

paediatric information earlier in the drug life cycle. Clinical research before 

marketing provides only limited safety information on medication use. 

Studies are not powered to detect safety outcomes, and it is only through 

exposure among larger populations of patients that a more consistent safety 

profile emerges. A more extensive population exposure can lead to new 

contra-indications, safety-in-use warnings and even withdrawals from the 

market as the risk-benefit profile of the medication may be negatively 

impacted. With the new early introduction of medications in paediatric 

patients, there is a potential to expose children to medications without 

sufficient safety information. Risks are heightened as the paediatric 

population already have less capacity to rebound from adverse reactions. 

They are also more at risk of long-term effects of medicines than adult 

patients are. 

Aside from PIPs, the EU Paediatric Regulation also grants Paediatric-Use 

Marketing Authorisations (PUMAs) giving ten-year patent exclusivity on older 

medications for use in children. There has been minimal progress here with 

only five products being granted PUMAs by 2018. These five medications 
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are glycopyrronium bromide for drooling, hydrocortisone for primary adrenal 

insufficiency, midazolam for seizures, melatonin for insomnia and vigabatrin 

for infantile spasms. A final arm of the Paediatric Regulation was the 

establishment of a Paediatric Committee (PDCO) to provide free advice on 

clinical studies in children. While the debate continues how best to address 

the problems of lack of paediatric evidence on medication use, it is clear that 

regulator driven studies cannot bridge the evidence gap in paediatrics and 

the problem of high levels of off-label prescribing and unlicensed medicines 

use. 

The European patent extension model is based on a similar US provision 

enacted through the 1997 Food and Drug Administration (FDA) 

Modernisation Act, and later the 2002 Best Pharmaceuticals for Children Act 

and the 2003 Pediatric Research Equity Act.(9) In 2001, this model was said 

to have resulted in studies being undertaken on over 70 diseases and 

conditions specific to children, with 32% of these studies covering neonates 

and infants.(10) The three instruments are together credited with increasing 

knowledge of paediatric prescribing and the number of products specifically 

for children.(11) According to the FDA, ‘‘the pediatric exclusivity provision 

has done more to generate clinical studies and useful prescribing information 

for the pediatric population than any other regulatory or legislative process to 

date’’.(9) In 2005, the anti-convulsant Trileptal® became the 100th 

medication with specific paediatric information to be approved in the 

USA.(12) Lower medication prices in Europe, however, may mean that the 

patent extension will not have the same effect as in the USA.(13) 

Depending on the clinical setting and the country sampled, off-label and 

unlicensed prescribing in children has ranged from 11% to 80% of 

prescriptions in children.(6) Higher rates are seen in younger age groups and 

specialised areas such as critical care. A prescription survey in the year 2000 

has previously been conducted of one month’s prescriptions in Ireland’s 

largest PICU at Our Lady’s Children’s Hospital Crumlin (OLCHC), Dublin as 

shown in Table 2. Of the 20 included patients, all received either an off-label 

prescription or an unlicensed medication (amongst 306 prescriptions).(14) 
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One hundred and seventy-one (56%) of these prescriptions were off-label, 

and 46 (15%) involved the use of an unlicensed medication.  

A repeat prescription survey was conducted to re-evaluate the prescribing 

practices in the OLCHC PICU based on a month’s data five years post-

introduction (December 2012) of the EU Paediatric Regulation. The number 

of patients evaluated in 2012 increased to 104 from 20 in 2000. Each patient 

received a mean of 23 prescriptions (up from 15 in 2000) reflecting an 

increased complexity of care. Nine hundred and sixty-seven (40%) of 

prescriptions were off-label, and 634 (27%) were for an unlicensed 

medication. The transformation of the PICU alongside changing prescribing 

patterns makes it difficult to attribute any changes to the effects of the EU 

Paediatric Regulation. However, it remains clear that PICU is a pressure 

point of the gap of information in paediatric prescribing. Of note, the 

sedatives clonidine and chloral hydrate were the two most frequently 

prescribed unlicensed medications.   
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Table 2: Off-label and unlicensed medication use in the PICU at OLCHC 

OLCHC McDonnell(14) Bumanglag, Hayden(15) 

Year 2000 2012 

No. Patients 20 104 

No. Prescriptions 306 2403 

Mean Prescriptions 
per Patient 

15 23 

Off label Prescriptions 56% 40% 

Unlicensed 
medication 
prescription 

15% 26% 

Most commonly 
prescribed off-label 
medications 

Data not available ¶ Morphine infusion 

¶ Furosemide 
infusion 

¶ Paracetamol 
infusion 

¶ Clonidine IV bolus 

¶ Dexamethasone 
IV bolus 

 
Most commonly 
prescribed unlicensed 
medications 

¶ Spironolactone 
Suspension 

¶ Phenoxybenzamine 
HCl suspension 

¶ Benzylpenicillin 
injection 

¶ Phenobarbitone 
sodium Solution 

¶ Clonidine 
Suspension 

¶ Clonidine 
Suspension 

¶ Chloral Hydrate 
Oral Solution 

¶ Sodium Chloride 
3% w/v solution 
for nebulisation 

¶ Furosemide 
Solution 

¶ Milrinone injection 
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In current clinical practice, despite a lack of licensed medications or a means 

of prescribing according to a product license, off-label and unlicensed 

medication use in children often represents a logical approach. The decision 

to prescribe may be based on the best available evidence and the absence 

of alternative treatments, albeit outside the terms of a medication license. It 

has hence, primarily been the regulation of medication process rather than 

poor prescribing that has resulted in a high level of off-label and unlicensed 

medication prescribing in children.  

However, off-label prescribing and use of unlicensed medication are 

associated with potential drawbacks beyond lack of data on safety and 

efficacy. Imported medications tend to be costly. Product information may be 

in a foreign language. Prescribing information may be conflicting with local 

information. Manipulation of authorised medication is laborious and carries 

risks associated with preparation and calculation errors. A lack of chemical, 

physical and microbiological stability data to support their use post 

manipulation means the products themselves will usually be assigned a short 

shelf-life. Additionally, off-label and unlicensed prescribing confers more 

liability on those involved in prescribing and administration of medication 

than if the medication use was licensed.  

There is also conflicting evidence regarding whether these practices are 

associated with increased adverse drug reactions in children.(16) The 

relationship between off-label prescribing and adverse drug reactions has 

been explored in several observational studies across different 

populations.(17-20) A study in 2008 of 272 hospitalised children in Brazil 

found a small increased risk of adverse reactions with off-label drug use, with 

antibiotics commonly implicated.(17) The most common adverse drug 

reactions were skin eruptions, Cushingoid syndromes and gastrointestinal 

symptoms. An older study, in 1985, also found that off-label use was 

associated with an increased risk of adverse drug reactions in 3181 

Canadian paediatric outpatients.(18) Similar types of reactions were reported 

although most were either minor or inconsequential in severity. A further 

Italian study in 2002 reported an increased risk of adverse drug reactions in 



Introduction Chapter 1 

 

28 

a study of 1619 paediatric inpatients.(19) Off-label medication prescriptions 

were responsible for 38% of inpatient ADRs and for 42% of the ADRs 

occurring in the community that led to hospitalisation. In 2002 however, a 

study of 178 German paediatric inpatients did not find a statistically 

significant increased incidence of adverse drug reactions with off-label drug 

use.(20) The most extensive study to date was a twelve-month prospective 

cohort study in a UK tertiary paediatric hospital in 2014.(16) It identified 

almost 20,000 medication administration courses had an off-label prescribing 

rate of 24% and unlicensed medication usage rate of 5%. After exclusion of 

oncology patients, the study reported no evidence of increased risk of 

adverse drug reactions compared with authorised medicines. There was, 

however, an increased risk when oncology patients were included in the 

analysis. The increased risk was due to the higher rate of off-label 

prescribing in that group and the higher risks associated with medications 

used in oncology.(16)  

There are inconsistent results regarding the association between off-label 

prescribing and the occurrence of adverse drug reactions. While several of 

the described studies(17-19) to date have reported an increased risk of 

adverse drug reactions, the consequences of most of these reactions appear 

to be minor. There is an increased risk of harmful effects with off-label 

prescribing of cytotoxic drugs emphasising the importance of differences in 

therapeutic class with these risks.(16) 

Further research has also reported increased risks of medication errors, 

including those that cause harm in children receiving off-label and unlicensed 

medications.(21) Reports of errors in a UK children’s hospital from 2004 to 

2006 were analysed in terms of licence status and degree of harm. Twenty  

of 158 (13%) errors were considered to have caused moderate harm and 12 

of these involved unlicensed/off label drugs. The increased risk of error may 

be attributable to unclear information and instructions as well as the need for 

more complex manipulations and calculations than was intended with the 

original formulation. This study is, however, small and hypothesis-generating, 
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based on a single site, and the potential relationship needs to be further 

explored.  

To summarise, medication use in paediatrics presents unique challenges. A 

traditional exclusion of children from clinical trials, combined with a lack of 

suitable paediatric formulations has led to a high prevalence of prescribing 

outside the terms of marketing authorisations for medications used in 

practice. These sub-optimal conditions may be associated with increased 

risks of errors and adverse drug reactions. Recent regulatory efforts have 

made some progress in addressing the lack of paediatric-approved 

medications though efforts have focussed on new medications. Challenges 

remain, particularly in areas of high off-label prescribing such as in the 

Paediatric Intensive Care Unit (PICU).  

1.3 Challenges of clinical research in the Paediatric Intensive Care 

Unit  

The Paediatric Intensive Care Unit (PICU) is a hospital unit which provides 

treatment to children with a wide variety of illnesses of life-threatening 

nature, including highly unstable conditions and those requiring sophisticated 

medical and surgical treatment.(22) The PICU presents many challenges to 

researchers seeking to evaluate the efficacy of therapies, including 

medication. It is a unique environment with critically ill children demonstrating 

deranged drug handling and responses secondary to organ failures, infection 

and inflammation as well as the use of treatments such as extracorporeal 

membrane oxygenation (ECMO) or continuous renal replacement therapy. 

Prescribing in the PICU has also been viewed as a low priority task with 

hands-on patient care perceived as more important, leading to mental fatigue 

compounded by distraction and interruption, potentially leading to prescribing 

error.(23) The population is also heterogeneous; of mixed ages and 

diagnoses. Children receive multiple drugs and may have  numerous co-

morbidities. Such a population adds complexity to study design. 

Generalisability of research findings is often impaired; 80% of PICU 

randomised controlled trials conducted to date are single centred.(24) 

Recruitment rates in PICU trials have also been low with one-third of trials 
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being terminated before an adequate sample size is achieved mostly due to 

insufficient recruitment rates or interventions failing in interim analyses.(24) A 

reluctance of investigators to approach families about partaking in studies 

given the already considerable burden on them with a sick child is reported 

to have contributed to low recruitment rates to RCTs in paediatric critical 

care. 

Barriers and facilitators to conducting RCTs have been explored in a survey 

of investigators who have previously published results of 294 trials in 

paediatric critical care.(25) The barriers identified in this survey were mostly 

not specific to PICU and included the required funding and the necessary 

level of coordination for multinational trials, time commitments to both 

academic and clinical duties, as well as trial bureaucracy and a lack of local 

support. Conversely, potential facilitators included protected time for 

research, the ability to recruit 24/7, the formation of trial networks and 

support from academic departments.  

Given the poor recruitment rates for studies in PICU, Morris et al. surveyed 

the support from 415 paediatric intensivists and fellows for the conduct of 

RCTs in PICUs. Overall, 74% had experience with RCTs with high support 

for them. Despite this, an internal ethical conflict existed in almost all of the 

participating respondents.(26) These ethical concerns rested on a number of 

observations; children in PICU may be too young or too ill to consent or 

assent to partake in clinical studies; they may be under the influence of 

sedatives; and finally, the child may already have had to undergo invasive 

and painful procedures as part of clinical care, and the prospect of adding 

additional risks and uncertainty for research purposes is unattractive.  

Compounding these concerns is the issue that most of the guidelines for 

ethical research were drafted in the 1970s and 1980s when the field of 

critical care was in its infancy. Critical care is now recognised to present 

unique phenomena, which influence the ethics of conducting research. 

These four phenomena have been summarised by Bigatello et al.(27) 

1. Impairment of cognition  
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Patients who are cognitively impaired due to acute illness and/or sedative 

drugs lose their autonomy. Loss of cognitive autonomy is often temporary, 

and the fairness of applying surrogate consent to a person who would be 

able to consent/assent at other time points is considered questionable.  

2. Emergency 

A critically ill child is an emergency for parents and carers leading to 

increased stress. This heightened emotional state may compromise the 

informed consent process.  

3. Psychological dependency 

The acutely ill child and family often develop a close relationship with their 

carers, given their reliance on them to keep the acutely ill person alive. An 

endorsement of research by the carer may be very impactful on the patient 

and family, and a clear separation between research and clinical practice is 

needed. 

4. Terminally ill 

The terminally ill are a particular case amongst the critically ill cohort. They 

have little to nothing to benefit from partaking in research. However, if they 

are in a suitable emotional state, they may wish to volunteer to participate in 

an act of beneficence.  

In addition to ethical issues which arise in interventional studies in the 

critically ill, choice of outcomes in study design has also been a significant 

challenge for researchers.(28) While patient-centred and policy-relevant 

outcomes are preferred, the critical care environment complicates the choice 

of outcomes. Critically ill patients may receive care from a variety of medical 

specialities including intensivists, anaesthetists, general paediatricians, 

cardiologists, microbiologists, or other specialists. Other patients in 

healthcare are more commonly under the care of just one speciality. Hence, 

consensus on the most relevant outcome can be difficult to achieve. 

Additionally, the variables of disease, patient population, therapy and care 

providers are all difficult to define.(28)  



Introduction Chapter 1 

 

32 

Mortality has traditionally been the primary outcome for critical care research 

because critical care therapy has been directed at overcoming life-

threatening illness. Although the outcome of death is unequivocal in critical 

care research, it can be measured at several time points, each with varying 

importance depending on the research question. Death is sometimes 

measured only within the PICU, sometimes at 30-day follow-up, six months 

follow up, or one-year follow up. Depending on the mechanism and pattern of 

disease and treatments, each of these may be the “correct” outcome to 

choose as a mortality measure. Choosing a longer-term mortality time-point 

biases towards a reflection on the patient’s underlying disease prognosis 

rather than the effectiveness of PICU treatment. The choice of mortality rates 

at immediate discharge from the PICU is appropriate for studies where there 

is a focus on care within the PICU. 

A problem with developing non-mortality outcomes in critical care is the 

competing effect of high mortality rates. Other outcomes, for example, the 

duration of mechanical ventilation, may be lower in a group with a higher 

mortality rate. Dying patients cannot experience prolonged ventilation, and 

hence, alternatives have been proposed. The number of ventilator-free days 

is an outcome where for a defined time-point (usually 28 days) each patient 

is recorded as having a day ventilator-free for each day the patient is both 

alive and not mechanically ventilated. By combining a morbidity and mortality 

measure into one outcome, the problem of competing mortality may be 

avoided. This outcome has been adopted in other paediatric critical care 

studies.(29, 30) 

As treatment interventions improve and healthcare advances there is now a 

move away from mortality to patient outcomes such as quality of life, 

functional status, freedom from pain, distress and other symptoms as well as 

satisfaction with care. Assessing sedation quality in children is a valuable 

undertaking in critical care research for many reasons. It is now well 

documented that children of all ages perceive pain as much as adults.(31) 

The stress response arising from PICU interventions can negatively impact 

on clinical outcomes increasing complication rates and mortality.(32, 33) 
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Recent decades have seen increased recognition of the importance of 

assessing sedation levels, with validated assessment scales incorporated 

into clinical care and treatment decision protocols. Regular sedation 

monitoring alongside the establishment of clinical cut-offs for sedation targets 

allows quantification of sedation success.(34)  

Researchers in critical care must be aware of the unique ethical concerns 

regarding consent, the challenges in obtaining sufficient study recruitment,  

and the generalisability of results, alongside ensuring study outcomes are 

relevant to patients and policymakers.  

1.4 Clinical information systems enabling research within the PICU 

Notwithstanding the challenges described in conducting research in the 

PICU, recent technological advances have enabled such work. Information 

technology has transformed how health care is performed and documented. 

Extensive data are generated within our health system relating to all aspects 

of care: – diagnoses, medications, monitoring and the narrative of specialist 

input. From a care perspective, the introduction of technology and electronic 

clinical information systems has supported informed decision-making and 

increased opportunities for patient safety initiatives. From a research 

perspective, the introduction of electronic health records (EHR) facilitates 

exporting of more extensive cohort data relative to standard chart pulls of 

paper-based systems.  

 

Despite the enormous potential, researchers who wish to analyse large 

amounts of data are still faced with the challenges of integrating scattered, 

heterogeneous data, as well as ethical and legal obstacles to its use.(35) 

Electronic health records comprise various data types from structured 

information, such as laboratory test reports, to unstructured information such 

as clinical narratives. The range of different data types has led to challenges 

in integration. Written or dictated clinical narratives such as admission notes, 

treatment plans and patient summaries are the most common data type. 

They are also the most difficult to analyse computationally.  
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The suitability of data extracted from electronic health records for secondary 

use  in clinical research has been reviewed by Weiskopf and Wang (2013) 

under several domains including: completeness, correctness, concordance, 

plausibility and currency.(36) ‘Completeness’ generally refers to whether or 

not a truth about a patient is present in an EHR alongside the absence of 

missing data. The correctness of data considers the truth of the recorded 

data. Concordance relates to agreement or compatibility between two data 

elements. Plausibility relates to agreement/feasibility of data with general 

medical knowledge or information, for example, whether a biological 

parameter is within a plausible range. The final parameter is currency and 

relates to timeliness or recency of data – that is, are the data recorded within 

a reasonable period of time following its measurement.  

 

‘Correctness’ of data and completeness of data have been described as very 

heterogeneous in electronic health records.(37)  Medications, for example, 

could be administered without appropriate documentation, or prescribed and 

not given. Similarly, nursing observation scores may not be documented, 

leaving significant periods without data points. This heterogeneity has led to 

questions of the fitness of use of these data for research purposes. On 

further exploration of these concerns, however, it appears most problems 

with EHR use arise from a deviation of the use of the data for purposes other 

than those for which it was initially intended. Many electronic records are 

designed for administrative purposes, such as bookings, activity monitoring, 

and reimbursement claims. Using EHRs to evaluate outcomes from 

treatments received closely aligns with the original intended use of the data 

(documentation of clinical progress and treatments received). The 

introduction of coding alongside differently skilled data inputters may also 

minimise quality issues. The use of electronic medical notes and medication 

administration records would appear to be less likely to suffer from quality 

issues. The data are used close to its intended purpose when used for 

clinical research, and the data inputters are adequately trained and qualified 

professionals using the electronic system as part of their duty of care. 

Clinical information systems within the PICU often contain in-built controls to 
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prevent implausible data. Data is also recorded close to the time of 

measurement or auto-populated from connected systems reducing quality 

issues related to currency.  

1.5 Distress in the PICU 

The PICU cares for acutely ill children with life-threatening conditions 

requiring sophisticated medical and surgical treatment.(22) Acute respiratory, 

cardiac and neurologic failure in children and infants leads to intubation and 

mechanical ventilation.(38) Medical, technological and pharmacological 

advances in recent decades allow successful treatment of increasingly 

complex cases. This success has created a new clinical challenge: 

managing children’s distress and promoting coping amongst the discomfort 

of a PICU stay. This challenge requires skill and sufficient planning within the 

strange and unpredictable environment of the PICU.  

Distress in critically ill children is multi-factorial. In addition to distress 

associated with critical illness and injury, children hospitalised in a PICU are 

exposed to an environment characterised by highly variable,  and sometimes 

unpleasant stimulation. This stimulation includes lights, noise and activity 

associated with monitors and ventilators, medical emergencies, lack of 

diurnal variation, new and frequently changing caregivers, and a variety of 

distressing or painful procedures. These stressors may be magnified for 

paediatric patients who have reduced contact with family members and may 

be unable to comprehend events and communicate because they are 

preverbal or mechanically ventilated.(39)  

The concept of psychological distress encompasses behaviours of negative 

affect associated with pain, anxiety, and fear. Distress can, however, exist in 

the absence of pain and often occurs in children in critical care where the 

acute pain is aggressively managed.(39) The body’s response to 

psychological distress is multidimensional including behavioural (for 

example, agitated movement, grimacing, crying, avoidance), physiologic 

(increased muscle tension, heart rate, blood pressure, hormonal response) 

and phenomenological (for example, self-report of anxiety, fear, pain). (39-
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41) Distress has clear clinical implications. For example, children in distress 

have a higher metabolic rate with increased oxygen demand and may resist 

mechanical ventilation.(42) Non-pharmacological and pharmacological 

interventions are employed to manage distress and anxiety in the critically ill 

child. The requirement of pharmacologic agents such as sedatives to reduce 

stress can be lessened by non-pharmacological methods such as 

sympathetic nursing, modifying stressors in the environment and promoting 

comfort in the critically ill child.(43) Massage, music therapy, and distraction 

techniques as well as controlling noise and promoting sleep, have all been 

documented to benefit the distressed child.(43) However, within the PICU, 

use of sedative medications is widespread with over 90% of infants and 

children mechanically ventilated found to have received sedative medications 

in a USA survey of intensivists.(44) 

1.6 The Sedation-Analgesia Overlap 

Maintaining comfort for a critically ill child involves addressing three distinct 

but overlapping indications for treatment. These are analgesia, anxiolysis 

and sedation.  

Analgesia 

Analgesia is the loss of ability to feel pain while conscious. The 

pharmacological approach to the management of pain involves, broadly 

speaking, three types of analgesic. These are non-opioid analgesics, weak 

opioids and strong opioids. Adjuvant analgesic drugs also exist, such as 

anticonvulsants and antidepressants that, in a non-traditional manner, may 

offer pain relief. Opioids are the gold-standard analgesic, although they also 

cause sedative effects. 

Anxiolysis 

Anxiety is a feeling of apprehension or fear, combined with symptoms of 

increased sympathetic activity and is a typical response to psychological 

stress. Use of an anxiolytic drug may provide temporary symptomatic relief 

and allow a patient to cope with a distressing event. An ideal anxiolytic would 

suppress excess emotional and sympathetic activity without producing 
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sedation. Benzodiazepines and antidepressant drugs are the most 

commonly employed anxiolytic agents and may also cause sedation.  

Sedation  

Sedation is the administration of drugs to suppress consciousness, and in 

doing so, minimises perceptions and response to distress and pain. Sedated 

children may still experience pain, so a combination of sedative and 

analgesic agents is often employed. These may be as single medications in 

combination or a medication with dual properties. The ideal sedative would 

have the following characteristics: rapid onset and offset, tolerance would not 

occur, and its discontinuation would not be associated with withdrawal 

symptoms. It would be short-acting, allowing rapid titration to clinical needs, 

providing light sedation to deep sedation as the clinical situation dictated. 

Because the child needs to remain cooperative after extubation, it should not 

be a respiratory depressant. It should be suitable for administration by 

parenteral and non-parenteral routes. Unfortunately, this ideal sedative does 

not exist.(45-47)  

Currently available analgesics, anxiolytics and sedatives lack specificity for 

their indication. Opioids cause analgesia and sedation; anxiolytics cause 

anxiolysis and sedation and sedatives cause sedation while also reducing 

perceptions and response to pain and anxiety. The overlap of symptoms and 

treatment effects dictate holistic oversight in treatment choices and 

combinations at a clinical level, while also adding layers of complexity to the 

research of new agents in these areas.  

1.7 Role of sedative medications in controlling distress 

Situations requiring the use of sedation in PICU may be broadly grouped into 

three categories(48) 

1. Long-term sedation as an adjunct to paediatric intensive care 

2. Short term procedural sedation 

3. Off-site procedural sedation, for example, for MRI, CT Scan 
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While the drugs used for procedural sedation are similar, this thesis focuses 

on long-term sedation as an adjunct to paediatric intensive care. 

Sedation, that is, the administration of pharmacological agents to depress 

the level of consciousness is a continuum, varying from a state of conscious 

sedation where the patient is awake, responds to commands meaningfully 

and has intact airway protective reflexes to a state of general 

anaesthesia.(48) The American Academy of Pediatrics (AAP) classifies 

sedation into four depths as shown in Table 3.(49)   
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Table 3: The American Academy of Pediatrics (AAP) sedation 

classification system [abridged] 

Level of Sedation Details 

Minimal sedation 
(formerly anxiolysis) 

A drug-induced state during which patients 
respond normally to verbal commands; although 
cognitive function and coordination may be 
impaired, ventilatory and cardiovascular functions 
are unaffected. 

Moderate sedation 
(formerly conscious 
sedation or 
sedation/analgesia) 

A drug-induced depression of consciousness 
during which patients respond purposefully to 
verbal commands (e.g., “open your eyes,” either 
alone or accompanied by light tactile stimulation. 
With moderate sedation, no intervention is 
required to maintain a patent airway, and 
spontaneous ventilation is adequate. 
Cardiovascular function is usually maintained.  

Deep sedation A drug-induced depression of consciousness 
during which patients cannot be easily aroused 
but respond after repeated verbal or painful 
stimulation (e.g., purposefully pushing away the 
noxious stimuli). The ability to independently 
maintain ventilatory function may be impaired. 
Patients may require assistance in maintaining a 
patent airway, and spontaneous ventilation may 
be inadequate. Cardiovascular function is usually 
maintained.  

General anaesthesia A drug-induced loss of consciousness during 
which patients are not arousable, even by painful 
stimulation. The ability to independently maintain 
ventilatory function is often impaired. Patients 
often require assistance in maintaining a patent 
airway, and positive-pressure ventilation may be 
required because of depressed spontaneous 
ventilation or drug-induced depression of 
neuromuscular function. Cardiovascular function 
may be impaired. 
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1.8 Medication used in sedation 

The ideal sedative does not currently exist. A variety of medication types are 

employed for their sedative effects. Overlap also exists between analgesics 

and sedatives in their actions and clinical uses. The drugs most commonly 

employed for sedation and analgesia in paediatric critical care in Ireland are: 

Analgesia with sedation 

¶ Opioids [for example morphine, fentanyl] 

Sedation alone 

¶ Benzodiazepines [for example midazolam, diazepam, lorazepam]  

¶ Chloral hydrate 

¶ α2 agonists [clonidine and dexmedetomidine] 

¶ Others [for example, thiopental, ketamine] 

 

Opioids 

Although traditionally considered as analgesics, in the PICU opioids are also 

used for their sedative effects. Opioids exist in many natural and synthetic 

forms. Morphine is considered the stereotypical agent to which other opioids 

are compared. Opioids act on three major classes of receptors μ, Δ and Κ. 

Most of the therapeutic and adverse effects can be accounted for by agonist 

activity at the μ-receptor, which is responsible for analgesia, respiratory 

depression, pupillary constriction, and euphoria.(50) Opioids cause 

hyperpolarization of nerve cells, inhibition of nerve firing, and presynaptic 

inhibition of transmitter release. Analgesia occurs at lower doses alongside 

sedation, at higher doses deep sedation, unconsciousness and coma may 

result. Respiratory depression is the most severe dose-related adverse effect 

of opioids and may be seen at therapeutic doses. Other unwanted effects 

include nausea, constipation, itch and urinary retention.  

Morphine 

Morphine is a naturally derived opiate with primary therapeutic actions of 

sedation and analgesia. Anxiolysis and euphoria may also occur at 

therapeutic doses. The half-life of morphine is two hours in children, six and 
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a half hours in term neonates, and nine hours in the preterm child because of 

reduced clearance.(51) It is the most commonly used opioid relieving 

somatic, visceral and to a lesser extent, neuropathic pain.(52) Following 

intravenous administration, it reaches peak analgesic effect after 20 minutes. 

It has a relatively low lipid solubility delaying its action on the central nervous 

system.(51)  

Fentanyl 

Fentanyl is the other frequently used opioid in the PICU. It is a synthetic 

compound with high lipid solubility and rapid onset of action and is 100 times 

more potent than morphine.(51) Skeletal muscle rigidity has been described 

with high fentanyl doses used for anaesthesia and rapid fentanyl 

administration.(51) It causes less histamine release and consequent itch 

than morphine. Cross-sensitivity to fentanyl does not occur in the case of 

morphine allergy.(51) Fentanyl is frequently used in neonates in preference 

to morphine due to its shorter duration of action, rapid onset of effect and the 

belief it is haemodynamically more advantageous.(52) It is also reported to 

cause less gastrointestinal dysmotility than morphine.(53)Tolerance develops 

more rapidly to fentanyl, however, requiring dose escalations during 

prolonged administrations.(54)  

Benzodiazepines 

Benzodiazepines are the most frequently used sedative in PICUs.(48) They 

augment the function of the GABAA receptor at the postsynaptic membrane. 

This pentameric protein controls a chloride channel, the opening of which 

leads to an inhibitory effect due to hyperpolarization of the cell 

membrane.(50) The three most common agents used are midazolam, 

diazepam and lorazepam. They provide unreliable hypnotic effects and do 

not provide any analgesia.(50)  

The general pharmacologic effects of benzodiazepines are sedation, 

anxiolysis, euphoria, reduced skeletal muscle tone, anticonvulsant 

properties, and neuroendocrine effects.(51) They impair the acquisition and 

encoding of new information, providing anterograde amnesia. They have 

been known to produce paradoxical hyperactivity reactions in children. In 
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critically ill children, they may also produce cardiovascular depression. 

Cardiovascular depression is mainly associated with midazolam.(33)  

Diazepam is a highly lipid-soluble benzodiazepine with a long elimination 

half-life of 24 hours in children.(51) It has active metabolites, which may 

delay recovery from sedation upon cessation of therapy, especially in 

neonates. Midazolam, eight times more potent than diazepam, is a water-

soluble benzodiazepine with a shorter elimination half-life of two hours.(51) 

The shorter half-life has made midazolam popular as a continuous infusion 

sedative in PICUs. With short-term use, (<12 hours) recovery is rapid, though 

prolonged infusions delay recovery. Midazolam is also an excellent agent at 

inducing retrograde amnesia, impairing the ability to recall previously learned 

information. This impaired ability makes it attractive for PICU and procedural 

sedation. Lorazepam is a third benzodiazepine, also water-soluble that is 

frequently prescribed for longer-term sedation in PICU children due to its 

more predictable recovery profile.(51)  

Tolerance and dependence are associated with prolonged benzodiazepine 

use.(43) These phenomena can usually be avoided by a gradual taper 

withdrawal of benzodiazepines or substitution for a long-acting 

benzodiazepine like diazepam.   

Chloral Hydrate 

Chloral Hydrate is an orally available, widely used non-benzodiazepine 

sedative and hypnotic. Chloral hydrate is rapidly and completely absorbed 

from the gastrointestinal tract and is immediately converted into the active 

component, trichloroethanol, by alcohol dehydrogenase.(51) The active 

metabolite has a long half-life of 67 hours, and much longer in young infants 

leading to the potential for accumulation with repeated doses. It is associated 

with paradoxical excitability, potential adverse cardiovascular effects and 

even some evidence of genotoxicity and carcinogenesis in animal 

models.(50) 
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Other agents; for example, thiopental, ketamine 

Ketamine is a dissociative sedative/analgesic occasionally used within the 

PICU.(33) Thiopental is a barbiturate sedative which is now rarely used in 

the PICU due to cardiovascular depression, development of dependence and 

hepatic enzyme induction.(33) 

1.9 Goals of sedation 

Sedation allows for the minimisation of perception and response to distress 

and pain. Sedative drugs are used with a variety of clinical goals outlined in  

Table 4.  

 

Table 4: Clinical goals in the use of sedatives  

Goals (44, 55) 

Keep patient calm 

Prevent displacement of monitoring devices and endotracheal tubes 

Reduce discomfort and distress 

Lessen unplanned extubations 

Reduce metabolic stress responses 

Promote nocturnal sleep 

Facilitate co-operation with noxious procedures 

 

The current literature on sedation practices describes a desire for light 

sedation that allows patients to be calm and interactive.(56-58) However, this 

stated preference for lighter sedation may not be reflected in paediatric 

clinical practice. O’Connor et al. (2010) surveyed 348 Australian and New 

Zealand PICU clinicians and nurses with 73% of respondents indicated that 

patients should ideally be “interactive, calm, and cooperative”.(59) However, 

when asked about the actual usual sedation level of their patients, most 

respondents (56%) indicated that patients were usually “responsive to verbal 

stimuli” or “responsive to painful stimuli only”.  
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This difference can perhaps be explained by the challenges of self-control in 

younger children. A child’s ability to control his or her behaviour or to co-

operate for a procedure depends both on chronological and developmental 

age. Often, children younger than six years and those with developmental 

delay require deep levels of sedation to gain control of their behaviour.(49) 

Therefore, the need for deeper sedation in children can be anticipated, 

especially with invasive procedures such as mechanical ventilation.  

1.10 Mechanical ventilation as an indication for sedation 

Mechanical ventilation is typically indicated in the treatment of pulmonary 

insufficiency resulting from respiratory failure, cardiovascular dysfunction, 

neurologic and neuromuscular disorders. Ventilators work in a pre-

determined manner to perform the function of breathing. This work can either 

replace the patient’s work of breathing entirely or partially or augment their 

breathing efforts.(60) Intubation and mechanical ventilation are significant 

sources of pain and distress in critically ill children. Pain, stress, agitation, 

irritability, and ventilator asynchrony (“fighting the ventilator”) commonly 

occur in young ventilated children, risking both discomfort to the child as well 

as dislodgement of equipment and lines. 

Pain is a major stressor that may increase morbidity and mortality in critically 

ill patients.(31) Pain and distress are, however, subjective and multi-layered 

phenomena and especially difficult to measure in non-verbal children.(61) It 

may cause effects such as increased endogenous catecholamine activity, 

myocardial ischaemia, hypercoagulability, hypermetabolic states, sleep 

deprivation, anxiety and delirium.(62) These effects may lead to clinical 

instability and adverse clinical outcomes.(32, 61, 63, 64) Older children may 

be able to recall the ventilation process or suffer nightmares and 

hallucinations.(65) Anxiety is also observed in mechanically ventilated 

patients, due to uncertainty regarding surroundings, uncomfortable 

experiences and anticipation of such and isolation from others.(66)  

There is evidence that appropriate management of pain and distress may 

attenuate some of the adverse outcomes of ventilation and associated pain 
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and anxiety. (67-69)  Sedatives and analgesics have been shown to reduce 

oxygen consumption and autonomic hyperactivity, which has the risk of 

destabilising critically ill patients.(70) Analgesic and sedative administration 

has also been shown to reduce catecholamine concentrations in ventilated 

pre-term newborns significantly.(71) Minimising perception of discomfort and 

physiological response to the discomfort of interventions through the 

employment of analgesics and sedatives is hence a central approach to 

managing short and long-term negative sequelae. The use of sedatives in 

this manner can, however, be associated with complications and hazards. 

1.11 Sedation complications and hazards 

Undersedation and Oversedation 

Failure to provide adequate sedation and analgesia to control the stress 

response is associated with increased complications and mortality.(72) Both 

states of under and over-sedation represent hazards to the critically ill child. 

Undersedation may lead to increased distress, and adverse events such as 

unintentional extubation or displacement of catheters.(38, 73) Patients may 

become tachycardic and hypertensive. All of this may lead to an extended 

ICU stay.(38) Similarly, oversedation can also prolong the length of 

ventilation and ICU stay. Additionally, it may cause cardiovascular 

depression and ileus and confound a neurologic examination. Tolerance and 

withdrawal syndromes may be induced in patients who undergo prolonged 

sedation,(50, 73) 

Tolerance 

Tolerance is associated with the use of analgesics and sedatives. Tolerance 

is a decrease in a drug’s effect over time or a need to increase the dose to 

have the same effect. For pharmacodynamic tolerance to occur the plasma 

concentrations of a drug remains constant, although there is a resultant 

decrease in its clinical efficacy. Physiological (physical) dependence is the 

need to continue a sedative or analgesic agent to prevent withdrawal. 

Psychological dependence is the need for a substance because of its 

euphoric effects. Psychological dependence and addiction are extremely rare 

after the appropriate use of sedative/analgesic agents. Physical dependence 
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and withdrawal do not preclude the use of analgesics or sedatives in the 

PICU. Instead, they can be controlled and managed by adequate weaning 

and patient monitoring.(74) 

Concerns about neurotoxicity 

Use of medications in young children carries safety concerns of adverse 

effects on the rapidly growing and developing body.(75) Sedative drugs 

mostly act through alteration of synaptic transmission between neurons in 

the brain. The alteration of synaptic transmission primarily occurs at gamma-

aminobutyrate type A (GABAA) receptors. Both of these neurotransmitters 

play an integral part in early brain development.(76, 77) Interference with the 

function of these neurotransmitters carries a theoretical risk to neuronal 

survival and function. Infants and neonates may be exposed to sedatives for 

days and weeks in the PICU. 

Several experimental animal studies have demonstrated widespread 

neuronal cell death induced by exposures to sedatives and anaesthetics in 

newborn animals.(78-81) A review in 2010 of experimental animal studies 

reported evidence of widespread brain cell death after the administration of 

sedatives which are frequently used in paediatric medicine such as 

midazolam, diazepam, clonazepam, ketamine, propofol, phenobarbital, 

pentobarbital and chloral hydrate.(75) Only one study evaluated neurotoxicity 

with dexmedetomidine, and no evidence of neurotoxicity was observed.(82) 

No study evaluating potential neurotoxicity with clonidine was included.(75)  

A dose-response relationship and an exposure-time relationship has been 

demonstrated to be associated with neurotoxicity in animal experiments.(75) 

While the doses associated with toxicity typically exceed those used in 

paediatric critical care, they cause concern given the potentially prolonged 

exposure of children to these agents in the PICU. Added to this is the 

potential for rapid dose escalation in the face of tolerance.  

For ethical reasons, human studies of this phenomenon cannot easily be 

carried out. Several cohort studies in previously ill premature infants have 

shown a long-term deficit in cognitive performance, language skills, and 



Introduction Chapter 1 

 

47 

attention as well as abnormalities in behaviour, learning disabilities and 

cerebral palsy.(83) There are many possible reasons for the development of 

such deficits, including foetal hypoperfusion, inflammatory responses, 

intrauterine infections and postnatal haemodynamic instability. However, 

given the animal data, neurotoxicity should also be suspected. 

1.12 Variation in the clinical use of sedatives and sedation assessment 

Clinical practice in sedation varies across countries and centres, reflecting 

the weak evidence base to support practices. A prospective cohort study of 

two American PICUs showed significant inter-unit variation in the use of 

sedative and analgesic agents between the two participating centres.(84) In 

one centre, morphine and lorazepam were widely used while in the second 

centre the most common combination was fentanyl and midazolam. A variety 

of other agents was also less commonly used including ketamine, propofol 

and thiopental.  

Similarly, a review of 360 patients across twenty PICUs in the UK reported 

the use of 24 different analgesics and sedatives in clinical practice.(85) 

Despite the broad range of agents used, two drugs were most commonly 

employed; morphine (80% of patients), an opioid with sedative properties 

and the benzodiazepine sedative midazolam (55% of patients). Other 

benzodiazepines, opioids and clonidine were also frequently used.(85)  

Consensus guidelines from the United Kingdom Paediatric Intensive Care 

Society Sedation-Analgesia and Neuromuscular Blockade Working group 

have been developed.(43) A modified Delphi technique was used to allow 

twenty experts to form recommendations with predetermined levels of 

agreement. Twenty recommendations were made incorporating ten 

recommendations for analgesia and ten recommendations for sedation 

practices. The authors also acknowledge that their recommendations are 

based on poor quality evidence reflective of the limited evidence base in the 

area.(43)  Midazolam, by intravenous infusion, is the recommended sedative 

agent for the majority of critically ill children requiring intravenous sedation. 

These guidelines also recognise the increased use of clonidine as a 
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sedative, and it is recommended as an alternative continuous infusion agent 

to midazolam. Sedative agents should be titrated to achieve an identified 

level of sedation. The sedation recommendations also include the 

recommendation for regular sedation assessment with documentation using 

a validated sedation score. 

Alongside the professional judgement of PICU staff, formal sedation scoring 

tools have been developed to assess sedation such as those listed in Table 

5.(43) The ideal sedation scale is valid, reliable, responsive to change and 

suitable for bedside use.(86) Valid and reliable tools that standardise the 

description of a paediatric patient’s behavioural state while supported on 

mechanical ventilation would enhance systematic assessment and 

documentation of a patient’s response to sedation, allow patient-specific 

alteration in the therapeutic regimen, and help avoid insufficient or excessive 

sedation.(87-89)Scales such as the Ramsay Sedation Scale are well-

established in the adult ICU; however, they are unsuitable for use in younger 

children as they require the patient to respond to commands by the 

assessor.(47) In order to be suitable, paediatric scoring tools (see Table 5) 

require the assessor to observe responses appropriate for a child.  

Of the scales shown in Table 5; the Nurse Interpretation of Sedation Scale 

(NISS) is highly subjective, both the Hartwig Sedation Scale and State 

Behaviour Scale involve the potential use of painful stimuli while the 

COMFORT Behaviour scale is most commonly used in practice and has 

been implemented into Irish PICUs.  
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Table 5: Validated sedation scales for use in mechanically ventilated 

children 

Name Intended Use  Validity Comment 

COMFORT 
Behaviour 
Scale(39) 

Suitable for both 
ventilated and non-
ventilated children 

Six behavioural 
observations of 
alertness, 
calmness, 
respiratory 
response or crying, 
physical 
movement, muscle 
tone and facial 
tension 

Valid for paediatric 
and neonatal 
patients from 28 
weeks gestational 
age to three years 
of age(90) 

Validated against 
Nurse’s Expert 
Opinion in 843 
paired observations 
in ventilated and 
non-ventilated 
children(34)  

 

Non-invasive 

Requires a two minute 
observation period 

Not valid for severe 
mental retardation, use of 
Neuromuscular Blockade 
(NMB), severe hypotonia 

Evolved from the 
COMFORT Score(39) 
which included two 
additional physiological 
parameters 

Hartwig 
Sedation 
Scale(91) 

Five behavioural 
criteria: motor 
response, mimic 
ability, eye-
opening, ventilation 
tolerability, 
aspiration 

Newborn to five 
years(92) 

Involves noxious stimuli 

NISS (Nurse 
Interpretation 
of Sedation 
Scale)(88) 

Nurse’s expert 
opinion of category 

1.Insufficient 
sedation 

2.Adequate 
Sedation 

3.Oversedation 

COMFORT and 
NISS correlated in 
66% of 96 
observations(88) 
Age 0 to 102 
months 

Highly subjective – based 
on the nurse’s opinion 
only 

State 
Behaviour 
Scale(87) 

Seven dimensions 
assessed: 
respiratory drive/ 
response to 
ventilation, 
coughing, best 
response to 
stimulation, 
attentiveness to 
care provider, 
tolerance to care, 
consolability, 
movement after 
consoled 

Six weeks to six 
years 

Ventilated patients 

Not valid for NMB, or 
postoperative patients 

Involves noxious stimuli 



Introduction Chapter 1 

 

50 

1.13 The COMFORT Behaviour Scale 

The COMFORT Behaviour scale is a non-intrusive measure of behaviour 

designed to assess distress and response to sedatives in PICU patients. It is 

validated for use in mechanically ventilated and non-mechanically ventilated 

children including preterm infants, neonates and children with Down 

syndrome.(34, 90, 93, 94) There are six observed components which are 

scored following a two minute observation period, alertness, calmness-

agitation, respiratory response in mechanically ventilated children (or crying 

in spontaneously breathing children), physical movement, muscle tone and 

facial tension. These components and descriptors are shown in Table 6. The 

muscle tone score is carried out after the two-minute observation period 

when the assessor extends a limb and assesses resistance to this 

movement. Each component is given a 1-5 score based on meeting a 

descriptive category. These are summed to give an overall score of between 

six and thirty. Separately, a visual analogue scale measures a nurse’s 

estimation of the child’s pain score, which should be used in conjunction with 

the sedation score. 
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Table 6: The COMFORT Behaviour Scale for assessment of sedation  

Component  Descriptor Score 

Alertness Deeply asleep (eyes closed, no response to 
changes in the environment) 

1 

 Lightly asleep (eyes mostly closed, occasional 
responses) 

2 

 Drowsy (child closes his/her eyes frequently, 
less responsive to the environment) 

3 

 Awake and alert (child responsive to the 
environment) 

4 

 Awake and hyper-alert (exaggerated responses 
to environmental stimuli) 

5 

Calmness-Agitation Calm (child appears serene and tranquil) 1 

 Slightly anxious (child shows slight anxiety) 2 

 Anxious (child appears agitated but remains in 
control) 

3 

 Very anxious (child appears very agitated, just 
able to control) 

4 

  Panicky (severe distress with a loss of control) 5 

Respiratory response 
(score only in 
mechanically 
ventilated children) 

No spontaneous respirations 1 

 Spontaneous and ventilator respiration 2 

 Restlessness or resistance to the ventilator 3 

 Actively breathes against ventilator or coughs 
regularly 

4 

  Fights ventilator 5 

Crying (score only in 
children breathing 
spontaneously) 

Quiet breathing, no crying sounds 1 

 Occasional sobbing or moaning 2 

 Whining (monotonous sound) 3 

 Crying 4 

  Screaming or shrieking 5 
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Physical movement No movement 1 

 Occasional, (three or fewer) slight movements 2 

 Frequent, (more than three) slight movements 3 

 Vigorous movements limited to extremities 4 

  Vigorous movements including torso and head 5 

Muscle tone Muscles totally relaxed; no muscle tone 1 

 Reduced muscle tone; less resistance than 
normal 

2 

 Normal muscle tone 3 

 Increased muscle tone and flexion of fingers and 
toes 

4 

  Extreme muscle rigidity and flexion of fingers 
and toes 

5 

Facial tension Facial muscles totally relaxed 1 

 Normal facial tone 2 

 Tension evident in some facial muscles (not 
sustained) 

3 

 Tension evident throughout facial muscles 
(sustained) 

4 

  Facial muscles contorted and grimacing  5 
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The original COMFORT score also incorporated two additional physiological 

variables (heart rate and blood pressure). Given that these physiological 

variables are often artificially manipulated and controlled in the PICU by 

inotropic and other drugs, their reliance as indicators for distress was 

inappropriate. A low interrater agreement had been demonstrated with these 

two variables when the instrument was validated.(39) Two further studies 

reported a weak correlation between physiological and behavioural 

components of the COMFORT scale score.(95, 96) Ista et al. in 2005 aimed 

to determine whether the physiological parameters could be safely omitted 

from the original COMFORT Scale and also to establish clinical cutoffs for 

the abridged COMFORT Behaviour Scale.(34)  

The study by Ista et al. was a prospective observational study.(34) It 

compared recorded COMFORT Behaviour scores with a NISS score of 

insufficient sedation, adequate sedation or oversedation. The study allowed 

the correlation of COMFORT Behaviour scores with the expert opinion of the 

responsible nurse to be assessed.(34)  Eight hundred and forty-three 

observations in 78 patients were studied. Cut-off points were determined by 

comparing the NISS scores to the recorded COMFORT Behaviour scores. 

Scores below 11 on the COMFORT Behaviour score had a high risk of 

scoring oversedated (95% of observations oversedated versus 0% scoring 

undersedated) according to the NISS score. Scores above 22 were regarded 

as a higher probability of being undersedated (15.4% of observations scoring 

undersedated vs 0.4% scoring oversedated). Scores between 11 and 22 

were in a “grey area” where COMFORT Behaviour did not predict over or 

undersedation.  

Validation of the COMFORT Behaviour score led to the development of 

clinical recommendations for sedative medication adjustments corresponding 

with observed COMFORT Behaviour scores.(34) Medication adjustments 

and non-pharmacological nursing interventions are recommended at scores 

of <11 and >16 for subsequent risk of over and undersedation, 

respectively.(97, 98) Those scores in between are considered to be 

representative of an adequately sedated state. These medication 
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adjustment/non-pharmacological nursing intervention cut-offs have been well 

described in clinical studies and are now adopted into local sedation and 

analgesia protocols.(30, 90, 95, 99) The actual medication adjustment that 

will occur may be the administration of an analgesic or sedative or a change 

in background analgesic or sedative infusions dependent on whether pain or 

distress is judged the primary problem.  

The COMFORT Behaviour Scale has good internal consistency with a 

Cronbach’s alpha estimated at 0.84 in a validation study of 78 patients.(34) 

Nurses displayed high inter-observer reliability with a median linearly 

weighted Cohen’s kappa of 0.84 (range 0.67-0.96) for 52 nurses. The 

COMFORT Behaviour score has also been shown to be sensitive to change, 

allowing it to detect a statistically significant change in value following the 

administration of pharmacological intervention. A retrospective study of 180 

children reported a mean decrease of six points following the 

intervention.(99) Early work also shows good responsiveness properties; that 

is, this numerical change is clinically meaningful.(99)  

The COMFORT Behaviour scale has been introduced into Irish PICUs as a 

means of assessing sedation status and guiding analgesic and sedative 

therapy in line with best international practice.(43, 100) The scale was 

introduced into routine clinical care in 2009 into the PICUs of Our Lady’s 

Children’s Hospital Crumlin (OLCHC) and Temple Street, Children’s 

University Hospital (TSCUH). These two hospitals are Ireland’s only tertiary 

paediatric hospitals. The impact of the introduction of a changed approach to 

sedation and analgesia management incorporating the introduction of the 

COMFORT Behaviour scale, an analgesia and sedation committee and new 

sedation guidelines (see Appendix 4) into the PICU at OLCHC has been 

evaluated.(101) A quasi-experimental approach was adopted using a 

before/after study design and Kotter’s change model was chosen to guide 

the intervention. Amongst the evaluations, data from 72 hours of 

postoperative cardiac patients were examined from before and after the 

intervention. No effect was seen in durations of mechanical ventilation or 

PICU stay, except in Down syndrome patients where the duration of 
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mechanical ventilation decreased by a day.(101) While overall morphine 

infusion rates did not decrease, there was a decrease in the rate of morphine 

infusion when returning from theatre and an increase in the frequency of use 

of rescue morphine boluses in the post-intervention group. There was also 

increased use of adjunctive agents such as paracetamol and clonidine. The 

increased use of adjunctive agents is suggested to be due to nursing staff 

being more empowered to actively manage analgesia and sedation needs 

within the scope of the new sedation and analgesia guidelines. Good 

compliance with the guidelines was reported.(101)  

Staff were satisfied with the introduction of guidelines, although enthusiasm 

appeared to wane slightly suggesting the intervention may not have met all 

expectations.(101) The introduction of the COMFORT Behaviour scale and 

associated analgesia and sedation guidelines in line with best international 

practice also further enabled research in the area of evaluation of sedation 

success and the effectiveness of sedative drugs.  

1.14 The extent of sedation success in the literature 

The definition of optimal sedation varies across studies, even when the same 

sedation assessment scale is used.(73) While clinical cut-offs have been 

published as targets outlining the range of optimal sedation, different clinical 

needs in studies or investigator preferences may also dictate the definitions 

of optimal sedation. Similarly, the frequency of sedation assessment varies 

across sedation studies from hourly to once daily depending on the study 

protocol. This variation makes comparisons of sedation success difficult 

across studies and scales used.  

Another variation across studies is how sedation success is expressed 

(proportion of observations, the proportion of patients or the proportion of 

study hours). When the outcome ‘proportion of observations’ is assessed, a 

review of fifteen studies found optimal sedation was present in 57.6% of 

observations, undersedation in 10.6% and oversedation in 31.8% of 

observations.(73) These results show there is a high prevalence of 

suboptimal sedation in the PICU; however, more frequent scoring in 
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undesirable states may influence this. Oversedation appears more prevalent 

than undersedation, perhaps due to a fear of a child being distressed, 

uncomfortable or accidentally self-extubating tipping the sedation balance 

towards oversedation. Prolonged clearance of sedatives in children and 

hesitancy around tapering of sedatives may also favour oversedation.  

Evidence from adult studies suggests benefit in sedation algorithms and 

protocols to reduce sedative use as well as employment of daily sedation 

interruptions.(102-104) However, translation into paediatrics has not been 

reported. A systematic review of sedation guidelines, protocols, and 

algorithms in PICUs reported only low-quality evidence to support their 

implementation.(105) Daily interruptions of sedatives, on the other hand, not 

only did not show efficacy in the PICU but was associated with an 

unexpected increase in mortality in a trial evaluating it.(106) 

Nonetheless, the consensus  continues to favour lessening the use of 

sedatives and avoiding the complications associated with oversedation and 

prolonged exposure to sedatives. As attempts to reduce sedative use (for 

example, with protocols and daily interruptions) have mostly been 

unsuccessful; paired alongside a high incidence of suboptimal sedation, it is 

evident that isolated initiatives to alter the pattern of administrations of 

additional agents may be insufficient. Alternative agents, with a potentially 

safer side-effect profile, an analgesic-sedative sparing effect, or the ability to 

reduce time suboptimally sedated would be useful. The α2 agonists may fulfil 

this clinical need. 

1.15 The α2 agonists as sedatives 

The history of Ŭ2 agonists 

Boehringer Ingelheim in the 1960s planned to synthesise a new nasal 

decongestant to be formulated into nasal drops.(107) Swelling of the nasal 

blood vessels in the mucosa of the nose causes discharge and congestion. 

Applying a locally acting adrenergic vasoconstrictive agent was expected to 

relieve this swelling and hence relieve symptoms. Comparable 

vasoconstrictors were imidazoline-derived compounds, shown in Figure 1. 
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Figure 1: General structure of the classical imidazolines with α-

adrenergic activity 

The decongestant imidazolines are substituted amidines in which the 

amidine function is incorporated into the imidazoline ring. Additionally, the 

imidazoline ring is connected to an aromatic nucleus by a methylene bridge. 

Several research teams had worked on substituting the methylene –CH2- 

bridge with an -NH- bridge.(108) Steric hindrance had limited the 

development of 2,6-disubstituted analogues until Boehringer Ingelheim 

achieved a solution.(107) Two chlorine atoms were introduced as 

substituents at position 2 and 6 of the phenyl ring. A 2,6 di-chloro-substituted 

analogue compound was synthesised and submitted for pharmacological 

testing in dogs. Potent vasoconstriction and decongestant activity was 

observed.(107)  

The compound formulated as nasal drops were then supplied to the medical 

department for testing for decongestant properties in humans. A member of 

the trial group allowed his secretary, affected at the time by a cold, to 

administer the drops to herself.(107) The secretary fell asleep for a reported 

24 hours. She also developed low blood pressure, marked bradycardia and 

mouth dryness. It was calculated that she had been administered the 

equivalent of twenty clonidine (Catapres® 100µg) tablets. 

Clonidine then became far more interesting due to its antihypertensive 

activity rather than any decongestant properties.(107) A transient rise in 

arterial blood pressure followed by a prolonged hypotensive action was 

observed following intravenous administration. The initial hypertension was 

found to be caused by activation of peripheral α-adrenoreceptors, but the 

more prolonged and potentially therapeutic hypotensive effect was due to 

activation of central alpha-adrenoreceptors in the Central Nervous System 
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(CNS). The central activation resulted in reduced peripheral sympathetic 

nervous activity. Clonidine was unique as the first centrally acting 

antihypertensive agent. Later it was elucidated that the introduction of the 

two chlorine atoms was crucial for the unexpected antihypertensive effects of 

clonidine, forcing it into a non-planar configuration. The non-planar structure 

allowed it to fit in the α-adrenoreceptors while also making it sufficiently 

lipophilic to cross the blood-brain barrier. Clonidine was first approved for 

use in 1966 and still used today. Its discovery and information on its novel 

mechanism of action opened up new fields and pathways for 

pharmacologists. A myriad of effects on the body led to a spectrum of clinical 

uses that have evolved over the last half a century. Some of these varied off-

label clinical uses are shown in Table 7. 

Table 7: Examples of off-label clinical uses of clonidine 

Off-Label Indications  

Cardiac arrhythmias Shivering 

Clozapine-induced sialorrhea Diarrhoea 

Conduct/oppositional-defiant 
disorder with or without ADHD 

Orthostatic hypotension 

Growth retardation  Migraines 

Nicotine withdrawal symptoms Extrapyramidal disorders 

Pain management Restless legs syndrome 

Spasticity Substance abuse 

Tourette syndrome Menopausal disorders 

 

The α2 agonists were also used by veterinarians to induce analgesia and 

sedation in animals. Veterinarians have used xylazine and detomidine, and 

much of our knowledge of the effects of these agents come from use in 

animals.(109) More selective and potent compounds followed. Medetomidine 

was later developed as a potent sedative and anaesthetic in veterinary 

medicine. Medetomidine consisted of an enantiomeric mixture of two 

stereoisomers, of which dexmedetomidine was more active. It could induce 
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anaesthesia as a single agent. Dexmedetomidine was then marketed on its 

own in humans as the more selective enantiomer.(109) 

The pharmacology of Ŭ2 agonists 

Adrenergic receptors were traditionally classified as alpha or beta according 

to the rank order of potency to various natural and synthetic catecholamines. 

Adrenergic receptors were believed to cause excitatory effects in some 

tissues and inhibitory in others.(109-111) Later, it was found that a subclass 

of α-adrenoreceptors regulated the release of neurotransmitters. It was 

inferred that this subtype of α-adrenoreceptor was hence a pre-synaptic 

receptor.(111) Alpha-two adrenoreceptors were also found at postsynaptic 

receptors and extrasynaptic sites. The α2 pre-synaptic adrenoreceptors are 

considered of greatest importance as they regulate the release of the 

neurotransmitters noradrenaline and adenosine triphosphate through a 

negative feedback mechanism. Three different α2 iso-receptors have been 

defined with locations across the body, including the kidneys, pancreas, liver 

and eye. Physiological responses mediated by α2-adrenoreceptors vary 

according to the tissue site.(109) 

Pre-synaptic α2-adrenoreceptor activation by α2-adrenoreceptor agonists 

inhibits the release of noradrenaline. Postsynaptic activation of α2-

adrenoreceptors in the central nervous system inhibits sympathetic activity 

and thus can decrease blood pressure and heart rate. Combined, these 

effects can produce sedation, analgesia and anxiolysis with concomitant 

drops in blood pressure and heart rate. One of the highest density areas of 

α2 adrenoreceptors is in the locus coeruleus, the predominant noradrenergic 

centre of the brain and an essential mediator of vigilance.  

Dexmedetomidine and clonidine have an affinity for the α2-adrenoreceptor. 

However, dexmedetomidine has been found to be more selective than 

clonidine for the α2 versus α1 receptors. (1620:1 for dexmedetomidine versus 

220:1 of clonidine). 
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Costs of Ŭ2 agonists 

A complicating factor in the introduction of dexmedetomidine into clinical 

practice has been the increased associated costs with its use. Although 

treatments costs vary according to geography, patient type and duration of 

treatment, dexmedetomidine is several times more expensive per patient 

than other common sedatives used. Procurement costs in Ireland per 

ampoule dexmedetomidine are over 130 times the price of clonidine (as 

shown in Table 8). Economic evaluations of the impact of dexmedetomidine 

on healthcare costs have focused on the adult population and based on 

studies where dexmedetomidine was shown to decrease the duration of 

mechanical ventilation and length of ICU stay. Five out of six of these 

reported evaluations described a reduction in total hospital and ICU costs 

despite increased drug acquisition costs versus midazolam and 

propofol.(112) No economic study compared the cheaper non-selective 

clonidine to dexmedetomidine. No economic evaluations of 

dexmedetomidine in children have been carried out to date. 

A health technology assessment was carried out as part of a randomised 

controlled trial of clonidine in paediatric sedation.(113) This clinical trial, 

which fell well short of meeting its recruitment target, evaluated clonidine 

infusions versus midazolam infusions as sedatives in PICU admitted 

children. Length of PICU stay was the primary influence on costs in the 

evaluation. No statistically significant difference was found between the 

recruited midazolam and clonidine paediatric patients across any cost type.  

In summary, in the adult population, the described decrease in the duration 

of mechanical ventilation and ICU stay appears to confer economic benefits 

with dexmedetomidine despite higher acquisition costs. There is no 

information on relative benefit versus clonidine, which has a much-reduced 

acquisition cost as the necessary clinical trials have not been published. A 

further complication may be that under trial settings readiness for extubation 

and discharge are protocolised and acted upon swiftly; in clinical practice, 

other factors may dictate these event timings such as timings of physician 

rounds, and availability of beds on step-down wards. 
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Table 8: Relative procurement costs of α2 agonists and midazolam 

Sedative Cost/ampoule  inc. VAT 

Clonidine 150 μg/1 mL €0.36 

Dexmedetomidine 400 μg/4 mL €47 

Midazolam 10 mg/2 mL €0.72 

 

The evidence base for clinical efficacy of Ŭ2 agonists in adults 

Several recent systematic reviews have evaluated the efficacy of α2 agonists 

in mechanically ventilated adults.(114-116) Cruickshank and colleagues 

evaluated the comparative effects of α2 agonists (both clonidine and 

dexmedetomidine) and propofol or benzodiazepines (midazolam and 

lorazepam) in mechanically ventilated adults admitted to the ICU.(114) 

Eighteen RCTs of 2489 adult patients were included in the review. 

Interestingly, even though it is a much newer agent, 17 of the 18 trials 

evaluated dexmedetomidine (with propofol or benzodiazepines). The one 

remaining trial evaluated dexmedetomidine versus clonidine. The overall risk 

of bias was found to be high or unclear with few trials blinding outcome 

assessors. Outcomes evaluated included mortality, duration of mechanical 

ventilation, length of ICU stay and adverse events. Compared with propofol 

or benzodiazepines (midazolam or lorazepam), dexmedetomidine had no 

significant effects on mortality [risk ratio (RR) 1.03, 95% confidence interval 

(CI) 0.85 to 1.24]. Benefit was seen in length of ICU stay (mean difference –

1.26 days, 95% CI –1.96 to –0.55 days) and duration of mechanical 

ventilation (mean difference –1.85 days, 95% CI –2.61 to –1.09 days) were 

significantly shorter among patients who received dexmedetomidine than 

among those who received alternative sedative agents. The proportion of 

time spent in the adequate sedation range [using the Richmond Agitation 

Sedation Scale (RASS) which is validated in adults] was not significantly 

different between sedative, although dexmedetomidine was associated with 

a higher risk of bradycardia. No differences with other adverse effects were 

observed. Qualitatively, patients treated with dexmedetomidine were 
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reported to be more easily arousable, more co-operative, and better able to 

communicate than those treated with alternative sedative agents. 

A separate Cochrane review assessed α2 agonists versus traditional 

sedatives in long-term sedation (more than 24 hours) of mechanically 

ventilated patients.(115) Seven studies met the investigator's inclusion 

criteria, all of which were studies of adult patients and included data on 1624 

participants. Patients were mainly overlapping with the previously described 

systematic review(114). Six of the seven included trials were judged to be at 

high risk of bias. Compared with traditional sedatives dexmedetomidine was 

reported to reduce the duration of mechanical ventilation by 22% (95% CI 

10% to 33%), the length of ICU stay by 14% (95% CI 1% to 24%). The most 

commonly reported adverse effect was bradycardia (RR 2.11; 95% CI 1.39 to 

3.20) There was no evidence that dexmedetomidine had any impact on 

mortality.  

In June 2019, a large open-label RCT (the SPICE III) study) reported the 

results of a study of the comparison between dexmedetomidine as a primary 

sedative agent versus usual care in 4000 mechanically ventilated 

adults.(117)  The hypothesis of this study was that dexmedetomidine may 

reduce all-cause mortality at 90 days. The RCT reported no difference in 

mortality rates. Furthermore, the dexmedetomidine group experienced more 

adverse events (bradycardia and hypotension) and required more agents to 

achieve the desired sedation state. This study reinforced the need for 

adequate analgesia alongside dexmedetomidine use and highlighted its lack 

of suitability as a primary sedative for all patient groups. 

A final systematic review evaluated clonidine in sedation regimens in 

mechanically ventilated patients.(116) Unlike the other systematic reviews, 

this review included children (but not neonates). Eight trials met the inclusion 

criteria (four of children, four of adults) and data from 642 patients were 

studied. No difference in duration of mechanical ventilation was described or 

in mortality rates or duration of sedative infusions. There was a significant 

reduction in the total dose of opioids (standard mean difference -0.26, 95% 

CI -0.05 to -0.02) with clonidine use. Clonidine was also associated with an 
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increased incidence of clinically significant hypotension (RR 3.11 95% CI 

1.64 to 5.87) 

In summary, dexmedetomidine has been reported to provide similar quality 

of sedation to other sedatives in mechanically ventilated adults while 

reducing the duration of mechanical ventilation and length of ICU stay. The 

decrease in the duration of mechanical ventilation was based mainly on 

studies with a high risk of bias. Recently, a large RCT found 

dexmedetomidine did not reduce all-cause mortality as a primary sedative 

agent versus usual care and may introduce additional adverse effects.(117) 

Despite being available for much longer, the evidence supporting clonidine is 

very limited in adults. It has not been reported to reduce the duration of 

mechanical ventilation or ICU stay and little has been reported on the quality 

of sedation achieved. 

1.16 Aims and objectives of this thesis 

The overall aim of this PhD thesis was to evaluate the effectiveness of α2 

agonists as sedative agents when used in mechanically ventilated critically ill 

children. Effectiveness is primarily judged by improvements in sedation 

outcomes, as measured by validated sedation scoring tools, alongside a 

reduction in the exposure to concomitant opioids and benzodiazepines.  

To help achieve this aim, the main objectives were: 

i) To conduct a systematic review of RCTs and observational studies 

of PICU patients that received α2 agonists as part of their sedation 

regimen versus patients that received non-α2 agonist based 

sedation regimens in order to compare the proportion of time at 

target sedation level 

 

ii) To establish baseline data from Ireland’s largest PICU on current 

sedation outcomes, including failure rates and characterisation of 

difficult-to-sedate children, to inform current and future practice 

and research needs 
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iii) To perform a comparative effectiveness study of mechanically 

ventilated children in Ireland’s two tertiary paediatric hospitals 

evaluating time adequately sedated and opioid/benzodiazepine 

sparing effects with α2 agonist use 

 

iv) To assess whether clonidine dosage regimens used in previous 

clinical studies and in routine practice are likely to achieve target 

therapeutic concentrations for sedation in children in the PICU and 

propose an evidence-based dosage regimen. 

1.17 Thesis structure 

Following this introductory chapter, Chapter 2 describes the systematic 

review, which evaluated RCTs and observational studies of α2 agonists for 

efficacy on sedation and opioid/benzodiazepine sparing outcomes to address 

study objective i). A descriptive observational study is then presented in 

Chapter 3 to address objective ii) above. This chapter outlines existing 

sedation practices and investigates the need for further improvements in 

sedative use and choice of agents. Chapter 3 also illustrates some of the 

population and outcome design details, which are the basis for the 

comparative effectiveness study described in Chapter 4. Chapter 4 

addresses objective iii) and details a two-site retrospective observational 

study. As heterogeneity of dosage regimens of clonidine arises as an issue 

within the systematic review and comparative effectiveness study, a dosage 

simulation study is presented in Chapter 5. The various clonidine dosage 

regimens which are outlined in both Chapter 2 and Chapter 4 are simulated 

to study their likelihood of attaining adequate therapeutic concentrations. 

These simulations address objective iv) and allow the proposal of a new 

clonidine dosage regimen for clinical and research use. Finally, Chapter 6 

discusses the overall findings of this thesis, implications and the potential 

impact of the findings. The strengths and limitations of this thesis, alongside 

recommendations for future research, are also discussed. 
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2 Chapter 2: The efficacy of α2-agonists for sedation in 
paediatric critical care: a systematic review 
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2.1 Introduction 

As described in the previous chapter, most critically ill children in paediatric 

intensive care units require sedative and analgesic medications to provide a 

continuous level of comfort or to facilitate stressful interventions such as 

mechanical ventilation. Sedatives are also administered to attenuate the 

stress response and reduce metabolic demands during periods of cardiac, 

respiratory and neurological instability.(55, 118)  

 

Current practice in sedation in PICUs varies widely due to the paucity of well-

conducted randomised controlled trials to assess the safety and efficacy of 

medications used in this group. The goal of therapy is to have most patients 

free of distress and somewhat interactive with their environment.(44) 

Consensus statements on analgesia and sedation in critically ill children 

recommend a continuous infusion of morphine or fentanyl for the relief of 

severe pain.(43) Combination therapy of sedatives and analgesics are often 

required to optimise sedation in critically ill children. A survey in the United 

Kingdom described 24 agents being used across 360 critically ill children. 

Morphine (78%) and midazolam (55%) were the most common agents 

used.(85)  

 

Continuous infusion morphine, an analgesic at lower doses and sedative at 

higher, is the preferred opioid analgesic due to its marked sedative 

properties in PICUs.(48) However, opioids are well known to produce 

tolerance, dependence and other unwanted side effects. Midazolam has also 

been established as an effective sedative agent in the PICU 

environment.(119) However, it shares the potential side effects of tolerance, 

dependence, withdrawal and respiratory depression with morphine, in 

addition to potential cardiovascular depression. Animal models have also 

suggested the potential for impaired neurodevelopment.(120, 121)   
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The α2 agonists, clonidine and dexmedetomidine, represent a potential non-

benzodiazepine alternative for PICU sedation.(43) Their alternative 

mechanism of action has been reported to achieve desirable sedation in 

adults without some of the less desirable side effects associated with the 

established agents.(121) The α2 agonists have a sympatholytic effect 

through a decrease of the release of noradrenaline in sympathetic nerve 

endings. The sedative effects are mediated through the decreased firing of 

locus coeruleus, the predominant noradrenergic nucleus, situated in the 

brainstem.(122) The highly selective affinity for the α2-adrenoreceptor (over 

the α1-adrenoreceptor) of dexmedetomidine should, in theory, cause less 

unwanted cardiovascular effects and make dexmedetomidine a preferable 

agent.(123, 124) While neither clonidine or dexmedetomidine is approved for 

paediatric sedation, both are commonly used off label in the PICU, a practice 

consistent with many other agents prescribed in the PICU environment.(125) 

 

A recent Cochrane review of α2 agonist use in long term sedation found 

dexmedetomidine reduced the duration of mechanical ventilation and length 

of Intensive Care Unit stay versus traditional regimens however the review 

did not include any pediatric studies.(115) Several studies have been 

published in paediatrics in this area in recent years.(113, 126, 127) The 

United States Food and Drug Administration (FDA) recommends the use of 

sedation effectiveness based outcomes for determination of sedative drug 

efficacy.(128) The reduction in opioid consumption is a conveniently 

captured outcome and widely reported throughout included studies. 

However, it does not address therapeutic advantage conferred by the 

administration of α2 agonists other than lessening exposure to other 

potentially harmful agents. Adult dexmedetomidine studies have shown non-

inferiority to both midazolam and propofol based on sedation score 

measurements, which supports the use of dexmedetomidine in the adult 

ICU.(129) When seeking an alternative to a standard sedative agent such as 

midazolam in paediatrics, demonstrating comparable time at target sedation 

using exclusively, an agent with a more favourable safety profile would be 

ideal. The objective of this systematic review is to compare PICU patients 
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that received α2 agonists as part of their sedation regimen to patients that 

received non-α2 agonist based sedation regimens in order to compare the 

proportion of time these patients achieved target sedation score.  

2.2  Methods 

The PRISMA guidelines for reporting on systematic reviews and meta-

analyses were followed to conduct this review  (see Appendix 5). (130)  

 

Studies were included if they meet the following eligibility criteria: 

2.2.1 Eligibility Criteria: 

Study design: Randomised controlled trials, observational cohort and 

observational case-matched studies with a comparison group were included.  

Population: Studies reporting on children aged ≤18 years in a pediatric 

intensive care unit/neonatal intensive care unit  

Intervention: Studies reporting on patients exposed to either clonidine or 

dexmedetomidine for the indication of sedation  

Comparator: Studies with a comparison group of children not exposed to 

clonidine or dexmedetomidine were included 

Outcome: Studies reporting on the following outcomes 

 

Primary Outcome for this review 

The proportion of time at target sedation (%) (measured by a clinical 

sedation score as a length of time at target sedation/total sedation time) 

 

Secondary Outcomes for this review 

¶ Opioid consumption expressed as morphine equivalents/kg/24 hours 

where possible  

¶ Benzodiazepine consumption for α2 agonists and comparator groups 

(Reported details include the name of benzodiazepine used, amount 

of benzodiazepine administered/kg/24 hours expressed as midazolam 

equivalents where possible)  

¶ Length of mechanical ventilation (time)  
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¶ Length of PICU/NICU stay (time) 

¶ Adverse events (Effect on Heart Rate and Blood Pressure) 

Studies outside the PICU/NICU setting were excluded. Indications other than 

sedation such as neonatal abstinence syndrome, procedural sedation and 

regional anaesthesia use were also excluded. No language, publication date, 

or publication status restrictions were imposed. 

2.2.2 Search strategy 

A comprehensive electronic literature search was performed using the 

Cochrane Central Register of Controlled Trials (CENTRAL), PUBMED  

(1946-present), EMBASE (1966-present), CINAHL and LILACS. The last 

search was performed on 25 July 2014. In addition to the electronic search, 

reference lists of included studies were also examined. Trial registries 

www.clinicaltrials.gov and www.controlled-trials.com were also searched.  

The search strategy is included in Appendix 6. 

2.2.3 Study Selection 

Two reviewers independently screened titles and abstracts of all retrieved 

studies for inclusion. A full-text review of all potentially relevant citations for 

inclusion was conducted. Disagreements were resolved by a third reviewer 

where necessary. The two reviewers met after independently screening the 

titles/abstracts and full texts to discuss inclusion and exclusion of each article 

(See Figure 2). 

2.2.4 Data collection and extraction 

Two researchers piloted a customised data collection tool on Microsoft 

Excel®. Data were extracted by one primary researcher and checked for 

accuracy by a second reviewer. The authors of included studies were 

contacted to attain additional information when required.  

2.2.5 Data items: 

Study characteristics  

Population: Patient age, patient type, for example, post cardiac surgery, was 

recorded all at baseline  
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Intervention: Type of α2 agonist used, dose, duration of treatment, other 

analgesia and sedation used were recorded 

Comparator: Type of comparator and dose used  

Primary Outcome: For the primary outcome, data on the type of sedation 

score used, the percentage of time at target sedation (%) (i.e. the time at 

target sedation/total time sedated x 100), was recorded 

Secondary outcomes: Data on cumulative opioid use (µg/kg/24 hour) was 

extracted and converted to morphine equivalents/kg/24 hours where 

possible.  The conversion to morphine equivalents used was morphine 1 mg 

= fentanyl 15 µg = hydromorphone 0.15 mg. Data were extracted on the type 

and cumulative benzodiazepine use (µg/kg/24 hours), type and use of rescue 

sedatives (number of boluses/24 hours), length of time mechanically 

ventilated, adverse events (change in blood pressure and heart rate), as well 

as the length of PICU/NICU stay.  

2.2.6 Quality of studies 

Data to investigate clinical and methodological heterogeneity across studies 

was extracted. These included study quality using the Cochrane risk of bias 

tool for randomised controlled trials. Observational studies were quality 

assessed using the Newcastle Ottawa Scale. Similar to other reviewers a 

score of seven or higher was chosen to indicate a low risk of bias.(131, 132) 

2.2.7 Pooling of data 

The pooling of data was not appropriate, and a narrative synthesis is 

provided.  

2.3 Results 

4539 citations were identified, and after removal of duplicates and initial 

screening, 132 full-text articles were accessed. One hundred twenty-six of 

these were excluded leaving 18 studies (six randomized controlled trials and 

twelve observational studies) eligible for inclusion. (See Figure 2) 
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Figure 2: PRISMA flow diagram of studies included in the systematic 

review 

Three trials reported on clonidine(113, 126, 127) and three trials reported on 

dexmedetomidine(133-135). All twelve observational studies reported on 

exposure to dexmedetomidine.  

2.3.1 Randomised controlled trials 

Study characteristics 

Table 9 describes the six randomised controlled trials included in this review.  

Trials were conducted in Germany (126), USA (135), Turkey (133), India 

(134), Canada/England (127) and the United Kingdom (113). The clonidine 

trials were of intermittent nasogastric boluses (5 µg/kg every 6 hours) and a 

continuous intravenous infusion (of 1 µg/kg/hr or 3 µg/kg loading followed by 
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0-3 µg/kg/hour) (113, 126, 127). All three dexmedetomidine trials were of a 

continuous intravenous infusion.(133-135) The dexmedetomidine doses 

varied from 0.25 µg/kg/hr to 0.5 µg/kg/hr, one with a loading dose(133) one 

without(134) and one as needed(135).   
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Table 9: Study characteristics of randomised controlled trials included in the systematic review 

Author Study 
Design 

Outcomes of Interest Study Drug  Role of α2 group Patient type Age of α2 group  Other sedation and 
analgesia 

Duffett  
et al. 
(127) 
2014 
N=50 

Multi-site 
RCT 

Sedation Efficacy 
Sedation scores (COMFORT 
and State Behavior scale) 
Duration of sedation approx. 7 
days 
 
Opioid Sparing 
Morphine equivalents per day 
 
Secondary 
Midazolam equivalents per day 
Adverse events  
Duration of ventilation 
PICU stay 

Intervention (N=25) 
Clonidine 5 µg/kg 6 hourly 
nasogastric route 
No loading 
 
Comparison (N=25) 
Placebo 

Adjunct sedative 
agent 

Mechanically 
ventilated children 1 
month-18 years 

2.7 (1month-17 
years)a years 

Morphine, midazolam, chloral 
hydrate, uncontrolled  

Hunseler  
et al. 
(126) 2014 
N=219 

Multi-site 
RCT 

Sedation Efficacy 
Sedation scores (Hartwig and 
COMFORT scores) 
 
Opioid Sparing 
Fentanyl use (µg/kg/hr) 1-72 
hours after starting medication  
 
Secondary 
Midazolam use (µg/kg/hr)  
Adverse Events  
Duration of ventilation 
PICU stay 

Intervention(N=105) 
Clonidine 1 µg/kg/hr infusion 
started on day 4 of 
mechanical ventilation  
No loading 
 
Comparison (N=114) 
Placebo 
 

Adjunct sedative 
agent 

Mechanically 
ventilated infants 
under 2 years 
 

86 ± 146d days 
55/105 of 
clonidine group 
were neonates  

Fentanyl infusion and 
boluses, midazolam infusion 
and boluses, thiopentone 
boluses 

Wolf 
et al. 
(113) 2014  
N=120 

Multi-site 
RCT 

Sedation Efficacy 
Number with  >80% time at 
target COMFORT score 
 
Opioid Sparing 
Max doses, time to max dose, 
supplementary analgesia 

Intervention (N=61) 
Clonidine at 3 µg/kg loading 
followed by 0-3 µg/kg/hr  
 
Comparator (N=59) 
Midazolam 200 µg/kg loading 
followed by 0-200 µg/kg/hr 

Alternative agent to 
midazolam 

Mechanically 
ventilated children 30 
days to 15 years 

0.6 (0.08-13.85)a 
years 

Morphine infusion 

Aydogan  
et al. 
(133) 
2013 
N=32 

Single 
site RCT 

Sedation Efficacy 
Sedation score (RASS) 
 
Opioid sparing 
(Fentanyl consumption and pain 
scores (VAS) over 24 hours 
post-surgery) 

Intervention (N=16) 
Dex 0.4 µg/kg/hr (after 
loading of 0.25 µg/kg)  
 
Comparison (N=16) 
Midazolam 0.1mg/kg/hr (after 
loading of 0.1mg/kg) 

Alternative agent to 
midazolam 

Mechanically 
ventilated 12-18 years 
post scoliosis surgery 

13.6 (12-16)a 

years 
Intermittent fentanyl boluses 
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Secondary 
Duration of ventilation 
Adverse Events  
PICU stay 

Prasad  
et al. 
(134) 
2012  
N=60 

Single 
site RCT 

Sedation Efficacy 
Sedation scores (Ramsay 
Sedation Score, PICU Sedation 
Score and Tracheal Suction 
Score) 
Duration of sedation approx. 13h 
 
Opioid Sparing 
Rescue fentanyl boluses 
required  
 
Secondary 
Duration of ventilation 
Adverse events (systolic and 
diastolic BP, HR) 

Intervention (N=30) 
Dex at 0.5 µg/kg/hr No 
loading 
 
Comparison (N=30) 
Fentanyl 1 µg/kg/hr  
 

Alternative agent to 
fentanyl 

Patients over one year 
post cardiac surgery, 

6 ± 4d years Rescue fentanyl bolus 

Tobias 
et al. 
(135) 2004 
N=30 

Single 
site RCT 

Sedation Efficacy 
Sedation scores (Ramsay 
Sedation Score, PICU Sedation 
Score and Tracheal Suctioning 
Score and Bispectral Index 
Monitoring) 
 
Opioid Sparing  
Number of morphine boluses  
Total morphine use over 24 
hours 
Adverse events (HR and BP) 

Intervention 1(N=10) 
Dex start at 0.25 µg/kg/hr,  
(bolus if needed) 
 
Intervention 2(N=10) 
Dex start at 0.5 µg/kg/hr 
(bolus if needed) 
 
Comparison (N=10) 
Midazolam 0.1mg/kg/hr  
(bolus if needed) 

Alternative agent to 
midazolam 

Mechanically 
ventilated infants and 
children average age 
40 months 

44 ± 54d months 
in Dex 0.25 µg/kg 
group 
39 ± 44d months 
in Dex 0.5 µg/kg 
group 

Rescue morphine boluses 

a= Median (Range) c=Mean(Range) d=Mean ± SD e=Median(IQR) * = p<0.05 VAS: Visual Analogue Scale Dex: Dexmedetomidine RASS: Richmond Agitation-Sedation Scale 
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Risk of bias 

Risk of bias in the randomised controlled trials is shown in Figure 3. The 

clonidine trials were judged to have the lowest risk of bias.(113, 126, 127)  

Adequate randomisation and blinding of personnel and outcomes were 

described. However, the included clonidine trials did have factors, which may 

influence the validity of results. The multi-site clonidine versus placebo study 

by Hunseler et al.(126) had unevenly balanced age cohorts with over-

representation of neonates, which may have affected outcomes. Neonates, 

for example, may be more deeply sedated or have prolonged drug clearance 

than older children. Also, the dosage regimen was determined based on a 

single case series.(136) The pilot clonidine versus placebo randomised 

controlled trial by Duffett et al. used a bolus dosage regimen without a 

description of dose justification.(127)  No pharmacodynamic analysis was 

performed to investigate the dose response. The clonidine versus midazolam 

trial by Wolf had a low risk of bias by design but did involve a large number 

of major protocol violations.(113)  Many violations related to incorrect 

medication adjustments to sedation score recordings were reported, which 

may introduce performance bias. The study was also significantly 

underpowered, which makes result interpretation difficult.(113)    

The dexmedetomidine trials were smaller and generally had a higher risk of 

bias.(133-135) Aydogan et al.’s study appears to have the lowest risk of bias; 

blinding is described for the assessor of sedation levels. However, it was 

unclear whether the assessor of pain scores, which ultimately decided the 

opioid consumption, was blinded. This may increase the risk of performance 

bias.(133) Tobias et al. did not describe the randomisation process or if 

blinding of assessors took place and appears at risk of selection and 

performance bias.(135) 

Several sedation scales are used across the trials; all three clonidine trials 

used validated scales. Validated sedation scales for this use are 

COMFORT/COMFORT Behavior scale, the Hartwig Sedation Scale and the 

State Behavior Scale. Hunseler et al. used Hartwig and COMFORT (126), 

Duffett et al. used COMFORT and the State Behavioral Scale (127), and 
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Wolf et al. also used the COMFORT score.(113) The Ramsay Sedation 

Scale and other PICU scales were used in the dexmedetomidine trials 

though these are not validated for the study population.(133-135)  

 

Figure 3: Risk of bias assessment of included studies in the systematic 

review 
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Primary outcome 

Randomised Controlled Trials efficacy results are shown in Table 10. Only 

one of six included randomised controlled trials reported on ‘proportion of 

time maintained at target’.(113) Wolf et al. attempted to demonstrate the 

equivalence of clonidine to midazolam but only recruited 16% of their 

anticipated 1000 patients. Both arms had a similar proportion of time at 

optimal sedation (74% and 73% respectively). Using their chosen primary 

outcome of the proportion of patients with greater than 80% of time 

adequately sedated, they were unable to demonstrate equivalence, but non-

inferiority was shown. Inadequate power and number of major protocol 

violations necessitate caution in outcome interpretation.   

Sedation scores were recorded in all six trials. In the clonidine trial by 

Hunseler et al. neonates, but not older infants, were significantly more 

sedated in the clonidine group than placebo during the 72 hour observation 

period as measured by both the Hartwig score and COMFORT score.(126)  

Duffet et al.’s clonidine pilot trial had similar sedation levels between 

clonidine and placebo as measured by COMFORT and State Behavior 

Scale, though patient numbers were small (n=50).(127) 

Two dexmedetomidine trials describe similar sedation scores to midazolam 

in mechanically ventilated children(135) and fentanyl in post cardiac surgery 

children(134). The final trial describes a lighter level of sedation with 

dexmedetomidine compared to fentanyl in post scoliosis surgery adolescents 

(133). 
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Table 10: Results of the randomised controlled trials included in the systematic review 

Author Time at 
target 
sedation 

Sedation Scores Opioid sparing effect Benzodiazepine sparing effect Duration of ventilation 

Duffett          
et al (127) 

- ↔Sedation scores similar to 
placebo 
[COMFORT and State Behavior 
score]  

↔NS 
Morphine equivalents (mg/kg/day) 
1.3(0.7,13.6)e with clonidine, 5.8(0.8,11.6)e 
with placebo  

↔NS 
Midazolam equivalents (mg/kg/day) 
1.9(0.9,4.3)e with clonidine, 
2.5(1.6,3.9)e with placebo 
 

↔NS                                                  

Hunseler 
et al (126) 

- ↓Lower sedation scores (more 
sedated)  [Hartwig] in clonidine 
group in neonates vs placebo 
neonates*  
NS in other age cohorts. 

↓ Mean reduction in fentanyl consumption 0.86 
µg/kg/hr  
(95% CI 0.14-1.57 µg/kg/hr)* 
Significant only in neonate cohort. 
NS when adjusted for baseline fentanyl 
consumption.  
 

↓ Neonates had a 51.3 µg/kg/hr (95% 
CI 10.2;92.3) larger decrease from 
baseline than placebo of midazolam 
consumption. Significant only in 
neonate cohort.   

↔NS 

Wolf 
et al. (113)  
 

↔Clonidine 
74% (55-84)e 
of time and 
Midazolam 
73% (64-82)e 
of time 
 

↔Clonidine 21/61 (34%) patients 
adequately sedated >80% of the 
time compared to 18/59 (31%) in 
the midazolam group 
 

↓Decreased frequency of supplementary 
analgesia in clonidine group* 

↓Decreased frequency of 
supplementary sedatives in clonidine 
group* 

- 

Aydogan  
et al (133) 

- ↑lighter sedation in Dex group 
[RASS] versus midazolam group,   
RASS of 1.12 (-1,+1)a in the Dex 
group versus midazolam -1.84 (-2 
,+2)a* 
 

↓A decrease in fentanyl consumption in the 
Dex group over 24 hours (124.1 ± 28)d µg vs 
165.8 ± 32.8d µg in midazolam group)* 

- ↓Dex group 1.8 (1.1-3.5)a hours 
versus 3.75(1.7-8.7)a hours with 
midazolam* 

Prasad 
et al. (134) 

- ↔Sedation scores similar [Ramsay 
Sedation Score, PICU Sedation 
Score and Tracheal Suction Score] 

↔Similar rescue requirements  - ↓Time to extubation from the 
cessation of sedative infusion was 
2.2 ± 0.9 days in Dex group versus 
6.2 ± 2 days in fentanyl group* 

Tobias 
et al. (135) 

- ↔NS [Ramsay score, PICU 
sedation score, Tracheal suctioning 
score] 

↓A significant decrease in rescue morphine 
boluses between midazolam group and Dex 
0.5 µg/kg/hr group.*  
NS for Dex 0.25 µg/kg/hr group 
↓A statistically significant decrease in 24-hour 
morphine consumption in both Dex doses 
versus midazolam.* 
 
 

- - 
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Author Heart Rate Effects Blood Pressure Effects Other adverse effects Treatment Duration PICU stay 

Duffett  
et al. (127) 

3/25 patients with bradycardia 
with clonidine 2/25 with placebo 

5/25 patients with hypotension  
with clonidine 2/25 with 
placebo 

- Approx. 7 days NS 

Hunseler 
et al. (126) 
 
 

NS BP approx. 3mmHg lower in 
neonates*, not in older infants 

No difference in serious 
adverse events between 
groups 

3 days NS 

Wolf 
et al. (113) 
 

1 event of bradycardia requiring interventions with 
clonidine versus 3 events with midazolam 

7 hypotension events 
requiring intervention in the 
clonidine group versus 3 
events in midazolam 
 

A higher incidence of 
inotropic support during the 
first 12 hours was required 
for those on clonidine 
[clonidine 5/45 (11 %) 
vs. midazolam 3/52 (6%)] 
(95% CI 0.49 to 7.61). 

1.4 ± 1d days of clonidine vs 
2.1 ± 1.6d days on 
midazolam* 

NS 

Aydogan,  
et al. (133) 

Heart rate significantly lower in the Dex group at all 
time points* (25% (4/16) bradycardia in Dex group  
 vs 6%(1/16) in midazolam group) 

NS - 1 day on study drug then 
switch to another agent if 
needed 

NS 

Prasad 
et al (134) 

More bradycardia in Dex group (decrease <10 to 15% 
form baseline).  No interventions needed 

NS - 0.5 days - 

Tobias 
et al (135) 

Heart rate lower in Dex groups. 
(Midazolam 142±36d beats/min, 
Dex 0.25 µg/kg/hr was 122 ± 31d beats/min*,  
Dex 0.5 µg/kg/hr was 112 ± 26d beats/min)*  
One patient removed from study due to bradycardia 

NS - 0.9 ± 0.4d days of Dex 0.25 
µg/kg/hr 

- 

a= Median (Range) c=Mean(Range) d= Mean ± SD e=Median(IQR) * = p<0.05  - Not reported NS- No significant difference reported 
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Secondary outcomes 

Opioid consumption is reported as an outcome in all six trials, and four trials 

had sufficient information to calculate morphine equivalent/kg/24 hours (see 

Figure 4). Analysis of the clonidine trial by Hunseler et al. reports a 

significant reduction in opioid consumption with clonidine treatment 

compared with placebo.(126) There is a reduction in fentanyl use of 0.06 

Morphine Equivalents/kg/hr (95% CI 0.01-0.1 Morphine Equivalents/kg/hr) 

with clonidine. This result is not statistically significant when adjusted for 

baseline opioid consumption and significant only in neonates. Duffett et al. 

had inadequate power to assess opioid-sparing effects of clonidine.(127)   

 

Figure 4: Mean difference in morphine equivalents/kg/24 hours in the 

randomised controlled trials included in the systematic review 

In the dexmedetomidine studies, two trials described decreased opioid use 

with exposure to dexmedetomidine.(133, 135)  Firstly this was in 

postoperative opioid consumption in scoliosis surgery patients(133), and 

secondly in mechanically ventilated children given dexmedetomidine 

infusions (significant with 0.5 µg/kg/hr infusions but not 0.25 µg/kg/hr 

infusions)(135). The final trial describes similar rescue opioid requirements in 

a dexmedetomidine group and a fentanyl infusion group following cardiac 

surgery.(134) 

Benzodiazepine usage is reported in two of the randomised controlled trials 

(126, 127). In the clonidine trial by Hunseler the neonate clonidine cohort 

consumed 51.3 (95% CI 10.2; 92.3) µg/kg/hr less midazolam during the 

study period than the placebo group.(126) No overall decrease was seen in 

the other age cohorts. Duffett’s pilot trial showed a non-significant decrease 
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in midazolam consumption over 24 hours but was not powered to show a 

significant difference.(127) In Tobias’s trial, midazolam was only 

administered to one of three groups.(135) Benzodiazepine sparing effects 

are not reported in the other two remaining dexmedetomidine trials.(133, 

134) 

Duration of ventilation as an outcome is confounded by the clinical indication 

for its use. It is dependent on the severity of illness and the use of an 

individual centre’s extubation readiness criteria. However, it is of interest for 

safety and efficacy determination of sedatives. It was reported as an 

outcome in four of six trials. In the clonidine trial by Hunseler et al., duration 

of ventilation was similar in the clonidine and placebo groups.(126) Duffett et 

al. showed a similar length of ventilation in their pilot clonidine study.(127) 

Two dexmedetomidine trials associated dexmedetomidine with statistically 

shorter duration of ventilation compared to midazolam and fentanyl in post-

operative cardiac (131 ± 51 min with Dexmedetomidine and 373.25 ± 121.4 

min in a fentanyl group) and post scoliosis surgery (107 (65-208) mins with 

Dexmedetomidine versus 225 (104-520) mins in a group of children who 

received midazolam (133, 134).  

None of the trials included showed an impact of exposure to α2 agonists on 

the length of PICU stay. 

Adverse Events  

Adverse events are described in Table 10. Both agents appear well 

tolerated, with no authors expressing concern with their safety. Clonidine 

appears to have a dose-related effect on blood pressure but little effect on 

heart rate. (113, 126, 127) Conversely, dexmedetomidine is associated with 

a decreased heart rate but minimal effect on blood pressure.(133-135)   
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2.3.2 Observational studies 

Study characteristics 

All twelve observational studies describe the use of dexmedetomidine 

continuous infusions with doses varying from 0.3-2 µg/kg/hr and durations 

from short term to up to 166 days in one patient as described in Table 11. 

Eight of the studies were in children with cardiac pathology.(118, 137-142) 

No observational study evaluating clonidine met the inclusion criteria. Ten 

studies(118, 137-139, 141, 143-147) were conducted in the USA, and the 

remaining two studies (140, 142) were conducted in Japan.  

Quality assessment  

Eight observational studies were of high quality.(118, 137, 138, 140-143, 

146) as described in Table 12. One study was not quality assessed as only a 

published abstract was available.(145) Selection of the exposed and 

comparison cohorts was good throughout the studies with exposed children 

representing typical PICU patients and controls typically from the same PICU 

at that time or a close time to the exposed patients. The time range for 

selection of controls was typically the preceding months before the 

introduction of dexmedetomidine. The PICU environment facilitated good 

record keeping, follow up and reporting of outcomes. The majority of studies 

were poor in demonstrating the comparability of the cohorts in design or 

analysis. Controls were matched by one or two factors usually age and 

severity of illness. There was no adjustment for any covariates in the 

analysis of the observational studies. Many of the studies did not report on 

the similarity of baseline characteristics such as sedation scores, opioid use 

or similar protocolized analgesia and sedation.  

Primary outcome 

Time maintained at target sedation was not reported in the observational 

studies as described in Table 13. Only Bejian et al. used a validated sedation 

score for children (COMFORT Behaviour) but also found similar sedation 

levels, although their age range extended beyond the ages for which the 

scale is validated  (0-3 years).(137) Fagin et al’s study of children with 
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severe burn injury and Hosokawa and Tokuhira studies of children in cardiac 

children described similar sedation levels with dexmedetomidine to their 

control groups.(140, 142, 143) Seven of the twelve showed positive opioid-

sparing effects with exposure to dexmedetomidine across a variety of patient 

types, (137, 139, 141, 142, 144-146), four of these seven were of low quality. 

Three of the studies showed a greater than 50% decrease in opioid 

requirements/kg.(137, 144, 146)  

Secondary outcomes 

The shorter ventilation times were not found in the observational studies of 

dexmedetomidine, with only two of the nine studies, both with low risk of 

bias, (140, 146) reporting shorter times in postoperative cardiac children and 

premature infants, compared to six studies did not find an association 

between exposure and shorter times.(117, 136-138, 140, 142)  

Six of the observational studies showed benzodiazepine sparing results 

(136, 138, 140, 141, 144, 145). Bejian et al.’s, Lam et al.’s and O’Mara et 

al.’s studies reported a reduction in midazolam/lorazepam use in 

dexmedetomidine exposed patients relative to control groups in both cardiac 

children and premature infants.(137, 141, 146) Gupta’s study reported a 

significantly shorter duration of midazolam infusion in dexmedetomidine 

exposed cardiac children.(139)  
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Table 11: Study characteristics of observational studies included in the systematic review 

Author Direction of 
study 

Outcomes of Interest Study Drug  Patient type Age of α2 agonist 
group 

Other Sedation/Analgesia 
used 

Bejian 
et al. (137) 
2009 
N=74 

Retrospective 
Cohort study 

Sedation Efficacy 
COMFORT Behavior Score 
 
Opioid sparing 
Cumulative opioid 
use/kg/24hours   
 
Secondary  
Cumulative benzodiazepine use 
during stay 
Duration of ventilation 
PICU stay 
 

Intervention (N=54) 
Dex start 0.4 (0.2-0.7)a µg/kg/hr 
Mean maximum dose 0.8 (0.3-2)c 
µg/kg/hr 
over 37.3±34.7d hours 
 
Comparison (N=20) 
Control group from the same period 

Cardiac PICU 0.5 years(1 day -16 
years)a 

Continuous infusions of fentanyl, 
midazolam and rescue boluses if 
morphine and midazolam 

Cabrera 
et al. (138) 
2012 
N=712 
 

Retrospective 
Case-matched 
study 

Opioid sparing 
The number who received 
opioids 
 
Secondary 
The number who received  
benzodiazepines 
Duration of ventilation 
PICU stay 
Adverse 
Events(bradyarrhythmias) 
 

Intervention (N=356) 
Dex as an adjunct 
 
Comparison (N=356) 
Propensity score matched patients, 
matched for age, gender and Risk 
Adjustment for Congenital Heart 
Surgery [RACHS-1] score 

Trisomy 21 
patients 
undergoing 
congenital 
heart surgery 

Not reported Morphine, fentanyl, lorazepam, 
ketorolac, midazolam 

Fagin 
et al. (143) 
2012 
N=42 

Retrospective 
Case-matched 
study 

Sedation Efficacy 
Richmond Agitation Score  
Length of sedative infusions 
 
Secondary 
Duration of Ventilation 
PICU stay 
Adverse events (hypotensive 
and bradycardic episodes) 
 

Intervention (N=21) 
Dex, Mean dose of 0.44 µg/kg/hr 
No report of loading 
9/21 also received midazolam, not 
simultaneously 
On Dex for 22.5 ±5.6 d  days 
 
Comparison (N=21) 
Age-matched and total burn surface 
area (TBSA) matched who received 
midazolam 
 
 
 

Severe burns 
in PICU 
TBSA>20% 

6.9 ± 5.2d years Not reported 



Systematic Review Chapter 2 

 

85 

Gupta 
et al. (139) 
2012 
N=94 

Retrospective 
cohort study 

Opioid Sparing 
Doses of morphine administered 
over first and second 24 hours 
and the last 24 hours before Dex 
discontinuation 
 
Secondary 
Doses of midazolam 
administered over first and 
second 24 hours and the last 24 
hours before Dex 
Duration of ventilation 
PICU stay 
 

Intervention (N=52) 
Dex 0.3-1 µg/kg,  
No loading 
Dex for 196 (131,275)a hours 
 
Comparison (N=42) 
Control patients with similar baseline 
characteristics from the same period. 

Cardiac PICU 10.5 (5.8,20)e 
months 

Dex 2nd or 3rd line 
Midazolam Infusion 
Morphine Infusion 

Hosokawa 
et al. (140) 
2010 
N=141 

Prospective 
cohort study 

Opioid sparing/Sedation Efficacy 
Duration of continuous infusions 
of sedatives and the number of 
rescues needed 
 
Secondary 
Adverse events  
PICU stay 
 

Intervention (N=56) 
Dex at 0.4-0.6 µg/kg/hr hour (up to 0.6 
µg/kg/hr) 
No loading reported 
 
Comparison(N=85) 
Usual sedation with chlorpromazine, 
midazolam or fentanyl 

Post-cardiac 
surgery infants 

3.6 ± 5.4d years Chlorpromazine, midazolam, 
fentanyl plus rescue agents 

Jones  
et al.  
2014(147) 
N=163 

Retrospective 
cohort study 

Opioid sparing 
Opioid use and pain scores 
within 24 hours 
 
Secondary 
PICU stay 
Adverse events 
 

Intervention (N=106) 
PCA+Dex, dose and loading not 
reported 
(started in Operating Room) 
 
Comparison (N=57) 
PCA alone 

Adolescent 
idiopathic 
scoliosis post-
surgical 
children 

14.49±1.7d years PCA with opioids, optional local 
anaesthetic pumps 
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Lam 
et al. (141) 
2013 
N=44 

Retrospective 
cohort study 

Sedation Efficacy 
Midazolam infusion duration 
Midazolam dose 24-48 hours 
versus baseline and last 24 
hours versus baseline 
Sedation boluses 
 
Opioid sparing 
Morphine infusion duration 
Morphine dose 24-48 hours 
versus baseline and last 24 
hours versus baseline 
Analgesic boluses  
 
Secondary 
Duration of ventilation 
Adverse events 

Intervention (N=21) 
Dex start at 0.3- 1 µg/kg/hr,  
Doses used 0.1 - 1 µg/kg/hr 
No loading 
(Dex may be started in Operating 
Room) 
193 (102-605)a hours of treatment 

 
Comparison(N=23) 
Received conventional agents 
(midazolam and morphine) without 
Dex at the same period 

Pre-heart 
transplant 
mechanically 
ventilated 
children 

4.2 (2-14)e months Midazolam and morphine, Dex 
was 2nd or 3rd line, rescue agents 

Le 
et al. (118) 
2011 
N=269 

Retrospective 
cohort study 

Sedation efficacy 
Number of midazolam infusions 
Number of rescue sedation 
boluses 
 
Opioid sparing 
Number of opioid infusions 
Number rescue doses 
 
Secondary 
Duration of ventilation 
PICU stay 

Intervention (N=89) 
Dex  0.3-0.7 µg/kg/hr 
No loading 
(may have been started in Operating 
Room immediately postoperative) 
 
Comparison (n=180) 
Control group of similar age, diagnosis 
and a surgical indication the year 
before intervention patients 

Post-cardiac 
surgery 

13.7 (3-215)a 
months 

Morphine or fentanyl continuous 
infusion and rescue boluses of 
morphine or fentanyl, 
supplemented with rescue 
midazolam or lorazepam 

Naguib 
et al. (144) 
2012 
N=33 

Retrospective 
cohort study 

Opioid sparing 
Fentanyl consumption in first 
and second 24 hours post op 
Duration of NCA 

Intervention (N=5) 
Dex at 0.2-0.7 µg/kg/hr 
No loading 
 
Comparison (N=28) 
The 85% of patients who did not 
receive Dex as an adjunct 

Post 
hypoplastic left 
heart surgery 

6 ± 23d days Fentanyl NCA or continuous 
infusion, 
 

O'Mara 
et al. (146) 
2012 
N=48 

Retrospective 
case-matched 
study 

Sedation Efficacy/opioid sparing 
% time requiring no rescue 
boluses 
Need for adjunctive 
analgesia/sedation rescue bolus 
Total lorazepam/fentanyl rescue 
requirements  
 
Secondary 
Duration of ventilation 
Adverse events 

Intervention (N=24)  
Dex Start 0.3 µg/kg/hr.  
Mean Rate 0.6 µg/kg/hr 
Half patients loaded with 0.5 µg/kg 
 
Comparison (N=24) 
Fentanyl infusion or scheduled 
boluses 

Ventilated 
premature 
neonates 

25.5 ± 1.7d weeks 
gestation 

Fentanyl boluses  
Lorazepam boluses 
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Steele 
et al. (145) 
2012 
N=37 

Retrospective 
cohort study 

Sedation efficacy/Opioid sparing 
Reversal or plateauing of the 
narcotic score and 
benzodiazepine score 
 
 

Intervention (N=20) 
Dex Mean infusion 0.375 µg/kg/hr 
hour as an adjunct 
No report of loading 
 
Comparison (N=17) 
Controls, selection not described 

Ventilated 
children with 
liver failure 

14 months Fentanyl and lorazepam 

Tokuhira 
et al. (142) 
2009 
N=14 

Retrospective 
cohort study 

Sedation Efficacy 
Pediatric Sedation scale 
(modified Ramsay Sedation 
Scale) 
Number of infusions and 
rescues 
 
Opioid sparing 
Number of infusions and 
rescues 
 
Secondary 
Adverse evens 
PICU stay 

Intervention (N=9) 
Dex started at 0.3-0.4 µg/kg/hr 
Adjusted to 0.1-1 µg/kg/hr 
No loading 
May have been started in Operating 
Room after bypass. 
 
Comparison (N=5) 
Control group of similar anaesthesia, 
postoperative regimen and surgical 
procedure without receiving Dex 

Post-Fontan 
cardiac 
surgery 

Duration of 
continuous sedation 
infusions 
 

Rescue propofol doses of 5-10mg 

a= Median (Range) c=Mean(Range) d=Mean ± SD e=Median(IQR) * = p<0.05 
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Table 12: Quality assessment of observational studies included in the systematic review 

 
 

Selection Comparability Outcome/exposure  

Author Representation of 
the exposed cohort 
[ 1 * = patient 
representative of a 
PICU population] 

Selection of non 
exposed cohort 
[1*= comparison 
group are a 
similar 
population] 

Ascertainment 
of exposure 
[1*Medical 
records used] 

Outcome not 
present at the start 
[1* either 
protocolized 
analgesia/sedation 
or similar 
documented 
baseline 
analgesia/sedation] 

Comparability of cohorts 
based on design or 
analysis 
[Max 2*, 1*=age matched, 
1* other factors such as 
diagnosis, the risk of 
mortality matched 
Or analysis adjustments] 

Assessme
nt of 
outcomes 
[1* 
medical 
records 
used] 

Time for 
follow-
up 
[1* full 
PICU 
stay] 

Adequa
cy of 
follow-
up 
[1* 
>80%] 

Overall 
score/9 
≥7= low 
risk of 
bias 

Bejian 
et al(137) 

* * * * - * * * 7 

Cabrera 
et al(138) 

* * * - * * * * 7 

Fagin 
et al(143) 

* * * - * * * * 7 

Gupta 
et al(139) 

* * * - - * * * 6 

Hosokawa 
et al(140) 

* * * * - * * * 7 

Jones 
et al(147) 

* * * - - * * * 6 

Lam 
et al(141) 

* * * - - * * * 7 

Le 
et al(118) 

* * * - ** * * * 8 

Naguib 
et al (144) 

* * * - - * * * 6 

O'Mara 
et al(146) 

* * * * * * * * 8 

Tokuhira 
et al(142) 

* * * * - * * * 7 
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Table 13: Results of observational studies included in the systematic review 

Author Time at target 
sedation 

Sedation/Pain scores Opioid sparing effects Benzodiazepine sparing 
effects 

Duration of ventilation 

Bejian 
et al.(137) 

Not reported Similar sedation score The total dose of fentanyl during stay  
47.5 ± 15.1d µg/kg/day in the control group and 
16.58±4.2d µg/kg/hr in Dex group* 

Total dose midazolam in 
control group over stay 1.08 
± 0.47d mg/kg/day and was  
0.26  ± 0.1d  mg/kg/day in 
Dex group* 
 

Not significant [1(0-30)a day Dex and 
0.75 (0.2-20)a in control] 

Cabrera 
et al.(138) 

Not reported Not reported More patients received morphine/fewer 
patients received fentanyl in Dex group* 

More patients received 
lorazepam; fewer patients 
received midazolam in Dex 
group* 
 

Similar 

Fagin 
et al.(143) 

Dex children more 
frequently in the 
ideal range. 

Mean Dex RAS -0.91±0.8 
vs midazolam at -1.33±0.7 
(p=0.068) Dex less 
sedated. 
 

Not reported Not reported Similar (midazolam 45.5 ± 6.1d days 
vs Dex 32.9 ± 9.2d days, p=0.3) 

Gupta 
et al.(139) 

Not reported Not reported Duration of morphine 0 (0,27)e hours vs 
0(0,136 )e hours shorter in Dex group vs 
control*.Lower morphine use throughout, 
especially late in infusion* Lower number of 
analgesic boluses aside from first 24 hours.* 

Duration of midazolam 
infusion shorter in Dex group 
33(0,90)e hours vs. 
176(120,260e* Inconsistent 
requirements for sedation 
boluses. 
 

Similar 

Hosokawa 
et al.(140) 

Not reported. Similar 
duration of 
intravenous 
sedatives.  

A similar number of 
patients with inefficacious 
sedation. 

Similar rescues. Similar fentanyl dose in 
Both groups for those who received fentanyl.  

Similar rescue. Similar 
midazolam doses in those 
who received it.  

Time to extubation in Dex group 152 
± 113d min vs  230 ± 176d mins in 
control*  

Jones 
et al.(147) 

Not reported Lower 24 hour Pain score 
in Dex group Mean Pain 
score at 24 hours 2.04 in 
PCA alone and 1.43 in 
Dex + PCA group* 
 

Similar 24-hour opioid use Not reported Those with post-operative ventilation 
support were excluded 

Lam 
et al.(141) 

Not reported Not reported Morphine Infusions were similar. Less 
morphine  
boluses in Dex group at first 48 hours and last 
24 hours* 

Dex: 4.6% (-46.7,+20)e 
decrease in midazolam 
infusion dose in last 24 
hours vs baseline Control: 
47.7% (-18.2,+132)e 
increase vs baseline*. 
 

Similar 
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Le  
et al.(118) 

Not reported Not reported Dex group similar rescue opioids, more 
morphine infusions in Dex group (27% in 
Control vs 3%  
Of Dex)* but less scheduled morphine boluses 
(77% of  Control vs 53% of Dex)* (Higher 
fentanyl dose intraoperatively in control)* 

Dex group: Higher number 
of midazolam infusions (9% 
of Dex vs 0.5% of Control)*. 
 
Dex group similar lorazepam 
boluses with more 
midazolam boluses (1 ± 1d 
bolus in Dex and 0.5 ± 1d in 
control)* (Higher midazolam 
dose intraoperatively in 
control group)* 
 

Similar 

Naguib 
et al.(144)  

Not reported Not reported Fentanyl requirements were significantly lower 
in both first 24 (6.3 ± 1.3d vs 19 ± 15.9d µg/kg)* 
and second 24 hours (7.9 ± 3.5d vs 19 ± 20.3d 
µg/kg) postoperatively for those on Dex than 
control.  
 

Not reported Not reported 

O'Mara 
et al.(146) 

Dex 54.1% days 
requiring no 
adjunctive sedation 
Fentanyl 16.5% 
days requiring no 
adjunctive sedation 

Not reported Dex group mean Fentanyl exposure 20.6 
µg/kg/ vs fentanyl group mean fentanyl 
exposure 398 µg/kg. Similar boluses 

Dex group mean lorazepam 
exposure 2.7 mg/kg 
Versus Fentanyl group 
mean lorazepam exposure 
6.8 mg/kg 
Similar rescue boluses 
 

Dex 14.4 ± 7.3d days versus 
Fentanyl 28.4 ± 9.9d days* 

Steele 
et al.(145) 

Not reported Addition of Dex effect on 
FLACC score (+0.71 in 
Dex no change, -0.69* in 
control, decline) 

The narcotic score in liver failure, pre to post 
Dex (+5.1*to -3.44*) and Control (+10 to -0.8) 

Benzodiazepine score liver 
failure, pre to post Dex 
(+1.7*  to -3.1) and Control 
(2.7 to -0.35) 
 

Not reported 

Tokuhira 
et al.(142) 

Not reported. 
Graphic shows 
sedation "well 
maintained on target 
for both groups."  

Graph only 0/9 patients in Dex group vs 1/5 in control 
required an iv continuous analgesic/sedative. 2 
pushes in Dex group versus 4 in control during 
intubation were required of analgesic/sedative 

0/9 patients in Dex group vs 
1/5 in control required an iv 
continuous 
analgesic/sedative. 2 
pushes in Dex group versus 
4 in control during intubation 
were required of 
analgesic/sedative 
 
 
 
 
 

Not reported 
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Author Heart Rate Effects Blood Pressure Effects Other adverse effects Treatment Duration PICU stay 

Bejian 
et al.(137) 

Statistically significant decrease post 
stopping Dex Infusion but not 
clinically significant drop in HR 

No significant changes A statistically significant increase in 
respiratory rate after stopping infusion 
but not clinically significant 

37.3(2-177)e hours  No difference 

Cabrera 
et al.(138) 

No difference in the incidence of 
bradyarrhythmias 

Not reported Not reported 8(3-166)a days  Similar 

Fagin  
et al.(143) 

One patient had bradycardia, 
resolved on lowering dose 

Twice the number of hypotensive 
episodes per day in midazolam 
group (1.5 vs 0.7) 

Not reported 22.5 ± 5.6d days Similar (Dex 40.9 ±12.4d 
days vs Midazolam 55.4 ± 
6.4d days p=0.36) 

Gupta 
et al.(139) 

Similar HR during and after infusion MAP similar during infusion, 
higher in the first hour and sixth 
hour after discontinuation in Dex 
group.* 6 (12%) patients in Dex 
group had rebound 
hypertension,1 (2%) patient in 
control had rebound 
hypertension 

One accelerated junctional rhythm 
converted to normal sinus rhythm 6 
hours after discontinuation 

196(131,275)e hours Similar 

Hosokawa 
et al.(140) 

More bradycardia and hypotension in 
the Dex group (21.4% vs 8.2%). 
More major hemodynamic events in 
the Dex group (5.3%) than control 
(0%).   

Four (8%) patients in Dex had 
rebound tachycardia, none in 
control 

More adverse respiratory events in 
control (8.2%) than Dex (0%) 

2.7 ± 1.6d days  Similar 

Jones  
et al.(147) 

Not reported Not reported Less respiratory depression in the Dex 
group (2/106) than PCA alone(6/56) 

Not reported Similar 

Lam 
et al.(141) 

Two patients (10%) had a >50% drop 
in heart rate compared with baseline 
in the first 3 hours of Dex 

Dex group had higher use of 
clonidine patch as a prophylactic 
of withdrawal (31% vs 7% in 
control) 

Not reported Not reported Not reported 

Le 
et al.(118) 

Not reported Not reported Not reported 34 ± 2d hours Similar 

Naguib 
et al. (144) 

Not reported Not reported None attributed to Dex 44 ± 16.2d hours  Not reported 

O'Mara 
et al.(146) 

No appreciable haemodynamic 
events 

No appreciable haemodynamic 
events 

Less chest x rays with Dex*Better GI 
outcomes*, less septic workups* 

12.4 days  Not reported 

Steele  
et al.(145) 

Similar Similar No discontinuations, no adverse 
events 

7 (2-68 days)a Not reported 

Tokuhira  
et al.(142) 

Dex group activated pacemakers in 
6/9 patients, 0/5 in control 

Dex group had periods of lower 
BP than control but not clinically 
significant 

Control group had an elevated PaCO2; 
Dex group did not 

84.2 ± 50.9d Similar 

a= Median (Range) c=Mean(Range) d= Mean ± SD   e=Median(IQR) *=p<0.05
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2.4 Discussion 

Insufficient data exists to suggest that α2 agonists provide a similar or better 

proportion of time at target sedation than comparative agents. Heterogeneity 

across study populations and study design prevent pooling of existing 

studies to allow conclusions on the efficacy of α2 agonists. Only one trial of 

clonidine was identified, which reported on this outcome; however, it had low 

recruitment and numerous protocol violations.(113) No dexmedetomidine 

studies reporting on this outcome were identified. The choice not to use this 

outcome may be due to low uptake and use of validated sedation scores in 

the PICU environment as well as the convenience of the capture of other 

outcome measures such as opioid use.  

This review reports that although clonidine has shown potential as an opioid 

and benzodiazepine sparing agent in neonates, this benefit has not been 

shown elsewhere.(126) Dexmedetomidine is associated with shorter duration 

of mechanical ventilation in two trials in children following surgery.(133, 134) 

The included studies suggest that both agents are well tolerated. Side 

effects; namely hypotension with clonidine, and decreased heart rate with 

dexmedetomidine, were predictable and manageable with adequate 

monitoring in place.(126, 127, 133)  

Adequately powered randomised controlled trials reporting on sedation-

based outcomes are needed. However, this review highlights the current 

challenges in sedation research in the PICU. Choice of primary outcome is 

inconsistent across studies. A limitation of this systematic review is only one 

included RCT used a sedation score based primary outcome. Furthermore, 

significant underpowering and procedural difficulties with trial conduct make 

conclusions difficult to determine.(113) Several studies also used non-

validated sedation scales for their population.(133, 135) Low uptake of 

validated sedation scoring tools in research studies and in clinical practice 

limit the generalizability of findings of the extent of time adequately sedated 

with α2 agonists. Only 40% of UK PICUs surveyed reported use of a 

sedation-scoring tools compared to 85% of PICUs in a survey in the 
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USA.[148,149] Future research studies may have to implement new sedation 

assessment practices in participating study sites before beginning 

interventional studies. Further barriers to the conduct of trials exist with the 

lack of evidence-based dosing information for clonidine and lack of an 

intravenous formulation in North America. 

Clonidine’s dosage regimen remains undefined. Potts et al. proposed a bolus 

of 1 µg/kg then slow loading over 30 minutes of 2 µg/kg/hr then 1 µg/kg/hr for 

30 minutes reduced in steps to 0.3 µg/kg/hr maintenance continuous 

infusion. (150) Wolf et al. used 3 µg/kg loading, followed by a variable 

infusion 0-3 µg/kg/hr.(113) Other pharmacokinetic studies have reported on 

intravenous bolus clonidine.(151, 152) Dose-finding studies for clonidine are 

warranted before head-to-head comparisons with other sedative agents. 

No clonidine formulation has an approved use as a sedative in children. Both 

oral and intravenous studies of clonidine use have been included. The choice 

of the route of administration is often dictated by the availability of 

formulations in each country with no suitable intravenous formulation 

marketed in North America, unlike in Europe. A study of oral bioavailability in 

children estimates bioavailability at 55%, less than the reported 75-100% in 

adults.(150) This suggests it would require over twice the intravenous dose 

administered orally to achieve equivalent plasma levels. This further 

highlights the need for dose-finding studies with clonidine. 

Dexmedetomidine use has increased significantly over recent years. This is 

due to a number of factors including adult efficacy trials, the availability of an 

intravenous formulation and an adult license for use in sedation. 

Observational studies have advanced dosing strategies for dexmedetomidine 

now commonly administered at initial doses of approximately 0.4 µg/kg/hr 

and titrated to ranges of approximately 0.1 - 2 µg/kg/hr. Loading doses tend 

not to be used to avoid transient hypertension.(137, 139-141, 145) 

No study compared clonidine to dexmedetomidine, despite having similar 

pharmacological actions and vastly different acquisition prices. The recent 

availability of generic forms of dexmedetomidine and consequent decreased 
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costs might further alter the use patterns of this agent in current practice. 

Nevertheless, comparative studies would be attractive to clinicians.  

Clonidine dose-finding studies and development of an age-appropriate 

formulation would permit studies such as this. The primary outcome measure 

should be quality of sedation (measured as the proportion of time adequately 

sedated) using a validated clinical sedation scale. The α2 agonists should be 

compared to a third arm of a current widely used agent such as midazolam. 

However, given their widespread use as adjunctive agents to opioid-

benzodiazepine regimens, a likely study would be to evaluate whether the 

addition of clonidine or dexmedetomidine can provide an adequate 

proportion of time adequately sedated without the concurrent escalation of 

opioids or other sedatives. This would help inform the place of α2 agonists as 

PICU sedatives, whether they are a useful adjunct to lessen benzodiazepine 

and opioid use and whether the relative cost difference between agents is 

justified.   

2.5 Conclusions 

While the number of studies on the use of α2 agonists in PICU has increased 

over the last decade, this review found a lack of robust evidence for either 

agent as a sedative agent. Sedation score-based outcomes are poorly 

reported, and hence, there is limited information on the effect of α2 agonists 

on these scores. However, clonidine has shown potential opioid-sparing 

effects in neonates and dexmedetomidine in post-surgery children. Dose-

finding studies for both clonidine and dexmedetomidine should be pre-

requisites before further RCTs are attempted. Well-designed observational 

studies including sedation score-based outcomes would also present an 

alternative source of evidence to guide clinical use 

 



 

95 

3 Chapter 3: Current sedation practices and outcomes in 
mechanically ventilated children 
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3.1 Introduction 

As described in the systematic review in the previous chapter, there is a lack 

of published evidence supporting the use of either clonidine or 

dexmedetomidine. Trials have encountered recruitment and conduct 

difficulties associated with the challenges of performing research in the 

critical care environment. Observational studies of α2 agonists have been 

small, focused solely on dexmedetomidine, used minimal matching to ensure 

group comparability and have had limited reporting of sedation scores.(137, 

139, 141, 145) Well-designed comparative effectiveness observational 

studies present an alternative source of evidence to establish an evidence 

base for α2 agonist use in the PICU.  

 

One of the findings of the systematic review highlighted that the outcomes of 

previous studies have often failed to quantify sedation success using 

sedation-scoring tools. Instead, outcomes have focused on concomitant 

medication use or length of mechanical ventilation. The ideal study design to 

assess sedative effectiveness would utilise a validated sedation-scoring tool 

to determine the extent of sedation success. Children in different treatment 

regimens could then be compared with regard to improvements in time at 

target sedation, or for additional clinical benefits if there was an underlying 

equivalence of sedation between regimens. These benefits could be, for 

example; decreased exposure to concomitant opioids and benzodiazepine or 

shorter ventilation times. Incorporation of validated sedation scoring, into the 

primary outcome of sedative effectiveness studies, has also previously been 

advocated.(128, 154) The development and validation of nursing instruments 

such as the COMFORT Behaviour Score (CS) have enabled bedside 

assessment of sedation in critically ill children and offer the potential to fulfil 

this role.(34, 96) While the CS is in clinical use within Ireland’s PICUs, its 

suitability for use in research studies has not been assessed. If routinely 

gathered clinical sedation scores were documented with comparable 

frequency to research studies, an estimation of sedation success would be 

possible. Estimation of the baseline proportion of time at sedation target 
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would also allow power calculation to be performed for the subsequent 

comparative effectiveness study. 

 

The CS scale measures the clinical continuum of sedation from 

undersedation to adequate sedation to oversedation; possible scores range 

from six to thirty. CS clinical cut-offs have previously been determined to be 

10 or less for oversedation and 22 or more for undersedation (with 17 or 

higher necessitating medication adjustment).(155) A child will typically move 

between these states during their admission. Avoidance of states of under 

and oversedation (that is, keeping within the CS target range 11-16 inclusive) 

is the goal when using sedative agents. Oversedation is associated with 

prolonged mechanical ventilation and extubation failure.(38) Conversely, 

undersedation may lead to distress, unintentional extubation and 

displacement of other hadware.(38)  

 

Research describing current sedation practices and sedation failure has 

been limited, and clinical practice has been reported to vary widely.(43, 85) A 

recent systematic review summarised studies that included sedation 

assessments of children in the PICU and highlighted current problems with 

sedation research.(73) Fifteen small (14-131 participants) studies were 

included in the review. The investigators found heterogeneity amongst scales 

used, targets set and frequencies of assessments. Optimal sedation, 

according to each study investigator’s own definition, was reported in 57.6% 

of assessments, undersedation in 10.6% and oversedation in 31.8% of 

assessments. Of note, the three studies using the original COMFORT score 

(with a target of 11-22) reported a range of 35-75% assessments at the 

target, 0-13% assessments indicating undersedation and 20-65% 

assessments indicating oversedation.(73)  

 

There have been no previously published studies describing sedation 

practices and outcomes in Irish PICUs. This information is required to inform 

the design of a sedative effectiveness study. Validated sedation scores using 

the CS have been documented on the electronic clinical information system 
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in Ireland’s largest PICU at Our Lady’s Children’s Hospital Crumlin, Dublin 

since 2012. The large PICU patient population, an electronic clinical 

information system, and an implemented validated sedation-scoring tool, 

suggested the architecture were in-situ to perform such a study of sedative 

effectiveness. The aim of this study was to establish the current rate of 

sedation failure (less than 80% of the time at the sedation target level) after 

having ensured compliance with scoring was adequate. Secondary 

outcomes: include quantifying the proportions of time adequately sedated, 

oversedated and undersedated to allow power calculations to be performed. 

Patient risk factors for under and oversedation were also captured alongside 

dosages of the primary sedatives: morphine and midazolam. These results 

describe sedation outcomes in critically ill children in the PICU at Ireland’s 

largest paediatric hospital for the first time and allow the feasibility of 

conducting sedative effectiveness studies based on CS outcomes to be 

assessed.  

3.2 Methods 

3.2.1 Setting and patient population 

Setting 

Our Lady’s Children’s Hospital, Crumlin, (OLCHC) Dublin is Ireland’s largest 

paediatric hospital (187 in-patient beds) employing over 1,900 staff and 

receiving over 120,000 patient visits per year and 10,000 inpatient 

admissions. It is the national referral centre for a range of specialities 

including cystic fibrosis, rheumatology, major burns treatment, oncology and 

cardiac diseases. The PICU at OLCHC is Ireland’s largest tertiary care PICU 

and has undergone infrastructural and capacity transformation over the last 

decade. Admissions increased by almost 50% from 1997 (735 admissions) 

to 2012/2013 (~1100). Almost half of the admissions relate to patients 

requiring cardiac surgery, giving a unique patient case-mix.  

Current Sedation Protocol 

The CS was introduced into routine practice in the PICU of OLCHC in 2009. 

Based on established clinical thresholds (34), sedation protocols in Irish 
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PICUs currently recommend 2-4 hourly CS assessments with a CS 11-16 

target for mechanically ventilated children. Sedative/nursing adjustments or 

boluses are recommended for scores outside of the 11-16 range. Level of 

sedation is recommended to be reassessed post any medication 

adjustments to evaluate intervention success. The current analgesia and 

sedation guidelines at OLCHC are included in Appendix 4. 

Patient Population 

The eligibility criteria for inclusion in this descriptive study are described in 

Table 14 and Table 15. 
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Table 14: Inclusion criteria for the descriptive study 

Criteria Justification 

Admitted January 2015-June 2016 Allows representation across the 

entire year and a large sample in 

case of subsequent exclusions. Also 

allows a cohort of dexmedetomidine 

patients to be included 

 

Mechanically ventilated > 8 hours Short admissions unlikely to require 

several sedatives 

 

Received morphine infusion Patients for whom second and third 

line agents may have a role 

 

Documented >2 COMFORT 

Behaviour Scores 

Allows calculation of sedation 

success related outcomes 

 

1st admission over the study period To maintain the independence of 

each admission included 

 

Table 15: Exclusion criteria for the descriptive study  

Criteria Justification 

Continuous neuromuscular blockade 

as part of therapy 

COMFORT Behaviour Scale not 

valid 

 

Severe mental delay or severe 

hypotonia 

COMFORT Behaviour Scale not 

valid 

 

Use of non-morphine opioid infusion Maintains a more homogenous 

population, alongside difficulties in 

opioid equivalence conversion  
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3.2.2 Observation period 

The purpose of the descriptive study was to capture current sedation 

practices and outcomes for mechanically ventilated patients admitted to the 

PICU of OLCHC. The observation period, from which data was gathered, 

was the duration of mechanical ventilation during a child’s first PICU 

admission. Further episodes of mechanical ventilation for a patient after 

initial extubation were not included. 

3.2.3 Data sources 

All patient and outcome information was extracted from the electronic 

records of included patients recorded on ICIP® (Phillips) and PICAnet clinical 

information systems. Data collected included demographic data, clinical 

condition, length of mechanical ventilation and stay, opioid and sedative use, 

alongside recorded sedation scores.  

The PICU at OLCHC during the study periods of this thesis used an entirely 

paperless electronic health record. All prescribing and administration of all 

medicines either as infusions or boluses are recorded in the electronic 

clinical information system.  

Medication infusion data 

OLCHC’s purpose-built electronic drug file allows extraction of data 

regarding medication administered by nursing staff. The system allows the 

reporting of an electronic medication administration record (see Figure 5) for 

each included patient and analysis of bolused sedatives and analgesics 

administered during defined study times. Data on infusions were additionally 

extracted for both sites using information logged in the electronic health 

record from the delivery pump device. The infusion rate of each medicine 

was recorded at each change of infusion rate and at each hour time point 

during the infusion. These recordings allowed a plot of infusion dose across 

time, such as in Figure 6. 
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Figure 5: Example electronic medication administration record 

obtained from the clinical information system ICIP at OLCHC 

 

Figure 6: Example morphine infusion plot obtained from the clinical 

information system ICIP at OLCHC 

 

Case Report Form (CRF) 

A case report form was designed, taking into consideration previous 

literature in the area, previous PICU studies that have taken place in the 
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study PICUs and the opinions of the study collaborators. Recorded data for 

each patient are listed in Table 16. 
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Table 16: Patient demographic variables for inclusion in the descriptive 

study 

Patient Characteristics Explanation 

Sex Male or Female 

Age (at admission)  <1 month 

1 month- 6 months 

6 months- 12 months 

12 months- 36 months 

>36 months 

Weight (at admission) <5kg 

5kg- 10kg 

10kg-20kg 

>20kg 

Surgery pre-admission to PICU Yes/No 

Reason for admission Surgical Cardiac 

Surgical Non-Cardiac  

Cardiac disorder (no surgery) 

Respiratory disorder 

Gastrointestinal disorder 

Seizures 

Sepsis 

Congenital Diaphragmatic Hernia 

Other 

 

Baseline Paediatric Logistic Organ 

Dysfunction (PELOD) Score 

0-1 

Paediatric Index of Mortality (PIM2r) 

score 

0-1 

Neurodevelopmental disorder Yes/No 

Mortality at discharge Yes/No 
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3.2.4 Outcomes  

Primary outcome 

The primary outcome for this study was sedation failure defined as less than 

80% of the observation period classified as adequately sedated. The 

threshold of 80% was chosen for clinical and methodological reasons. A 

value below 80% would represent more than two consecutive scheduled 

observations not adequately sedated in a 24-hour period. This threshold has 

also been utilised previously in an RCT in the UK, permitting a comparison to 

external study conditions.(113)  

Secondary outcomes 

Undersedation and oversedation are qualitatively different phenomena and 

are associated with different complications. The proportions of patients who 

experience >20% of the time in either state were further described. In order 

to characterise the patients at risk of oversedation and undersedation, two 

separate logistic regressions for risk factors were performed. A complete list 

of outcomes is shown in Table 17. 

Table 17: Planned outcomes for the descriptive study 

Primary Outcome  

Sedation Failure 

<80% time at 11≤CS≥16 

N (%) 

Secondary Outcomes  

N(%) children Oversedated >20% time CS<11 N (%) 

N(%) children Undersedated >20% time CS>16 N (%) 

The proportion of time adequately sedated  % 

Morphine infusion dose administered µg/kg/hr 

N(%) with midazolam infusion 

Midazolam infusion dose administered 

N (%) 

µg/kg/hr 
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3.2.5 Analysis plan 

Calculation of time adequately sedated 

For each included patient CS scores were plotted from PICU entry time until 

the end of mechanical ventilation. Each point was linearly extrapolated to the 

following CS score. Clinical cut-offs of target sedation (11-16), potentially 

over (<11) and potentially undersedated (>16) were subsequently 

introduced. (see Figure 7). If all ventilation time is regarded as 100% the 

subtraction of times outside the clinical cut-offs for adequate sedation leaves 

a proportion of time in each classification. Each minute of study time was 

then classified at the target sedation level, under or oversedation level. The 

sum of all these sub-classifications was divided by the entire study time and 

expressed as a percentage to give the proportion of time at target sedation, 

the proportion of time undersedated or proportion of time oversedated for 

each patient.  

 

Figure 7: Calculation of time adequately sedated, undersedated and 

oversedated 

Logistic regression models were used to assess risk factors for under and 

oversedation. A pre-determined p-value of less than 0.05 was regarded as 

statistically significant. Adjustment for age at admission (months), gender, 

weight at admission (kg), surgery immediately pre-admission, presence of a 
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neurodevelopmental disorder, baseline morphine infusion dose (μg/kg/hr), 

risk of mortality (PIM2 score) and clinical diagnosis was performed. These 

factors were chosen because of their known or possible association with 

sedation outcomes regardless of their statistical significance after univariate 

analysis. Morphine and midazolam infusion rates during the study time were 

calculated as an average μg/kg/study hour rate for each patient. 

The analysis was carried out using STATA® Version 13. Clinical and 

medication data were summarised using mean and standard deviations for 

normally distributed data and median and interquartile range for skewed 

data.  

3.2.6 Sample size calculation  

This study sought to describe current sedation outcomes in mechanically 

ventilated paediatric patients as well as using logistic regression to determine 

risk factors for undersedation and oversedation.  

For studies using logistic regression, a recommended minimum sample size 

can be calculated using methods developed by Peduzzi et al.(156) 

If p is the smallest of the proportions of negative or positive cases in the 

population and k the number of covariates (the number of independent 

variables), then the minimum number of cases to include is:  

N = 10 k/p 

Eleven variables were considered risk factors for inclusion in the logistic 

regression. Literature values for incidences of sedation failure are highly 

variable given the variety of definitions and scales used. However, a value of 

approximately 45% would be consistent with the mean value reported in a 

systematic review in the area.(73) 

Hence, for this study: 

N = 10 *11/0.45 = 244 patients  

Given the exploratory nature of the study and the larger patient population 

available for inclusion, the planned sample size was tripled to 732 patients to 

improve the precision of estimates. Pilot work showed that approximately half 
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of the admissions met the inclusion criteria over a study period. In order to 

achieve approximately 700 included patients, 1400 patients would be 

screened equating to 18 months of admitted patients.  

3.2.7 Ethical approval 

Ethical approval was obtained from the Research Ethics Committees at 

OLCHC (see Appendix 7). As the data were retrospective and anonymised 

before analysis, the need for informed consent was waived. A data manager 

was nominated as a gatekeeper of the data and allocated a unique 

encounter identification number to each admission. Any patient identifiers on 

manual records were redacted following photocopying. All data gathered was 

electronically stored on a password protected server in RCSI School of 

Pharmacy or hard copies in a securely locked press. Hard copies were 

returned to the hospital for storage post-analysis. As data were gathered 

retrospectively, the researcher did not influence clinical care received by the 

participants.  

3.2.8 Missing data 

Missing data presents difficulties in the interpretation of the results of clinical 

research. Longitudinal studies or studies using data beyond the purpose that 

it was collected for can be particularly affected. The PICU environment with 

typically short stays and high levels of monitoring and documentation are 

unlikely to experience significant missing data. This study design mostly 

used data already documented for clinical purposes and demographic and 

outcome data that was recorded for audit purposes by a dedicated research 

nurse. CS may be missing (never measured or not recorded) potentially 

affecting the interpretation of sedation outcomes. Thus, a pre-requisite to 

evaluating outcomes in this study was a description of compliance with 

recommended CS recording. Sedation outcomes are also calculated using 

individual profiles with interpolation of study time points to give the ‘best 

guess’ score for times when no data are present to minimise the impact of 

missing data.  
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3.2.9 Reporting 

The STROBE standardised reporting guidelines for cohort studies were 

followed to ensure appropriate conduct and reporting of the research (see 

Appendix 8).(157). 
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3.3 Results 

3.3.1 Patient population 

A total of 1472 admissions were screened for inclusion, with 722 patients 

(58% male) meeting the inclusion criteria of: being mechanically ventilated 

for greater than eight hours, receiving a concomitant opioid infusion and 

having valid CS recordings (see Figure 8). The median age was 4 months 

(IQR 11 days-13 months), with a median weight of 5kg (IQR 3kg-9kg). The 

most common reasons for admission were recovery from cardiac surgery 

(38%), cardiac disorders with no prior surgery (20%), respiratory disorders 

(14%), and gastrointestinal disorders (7%).  

 

Figure 8: Flow diagram for inclusion in the descriptive study  

3.3.2 CS compliance 

An average of 35 CS assessments were recorded per child, with a median 

frequency of every 3 (IQR 2-4) hours. This demonstrates good compliance 

with the recommendation for CS assessments every two to four hours while 

mechanically ventilated. The distribution of CS was positively skewed, as 

shown in Figure 9, highlighting the increased frequency of oversedation for 

outside of target readings.  
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Figure 9: Distribution of all COMFORT Behaviour Scores   

3.3.3 Sedation outcomes 

Having demonstrated good compliance of CS assessments, sedation 

outcomes were quantified using the CS to determine the extent of sedation 

failure and proportion of time at each sedation state classification. 

 

Primary outcome 

Almost three-quarters of patients (529/722 -73%) were classified as having 

sedation failure (<80% time at sedation target CS 11-16). 

 

Secondary outcomes 

A total of 289/722 (40%) of children had greater than 20% of the observation 

period oversedated while 141/722 (20%) children had >20% of time 

undersedated. An additional 99/722 (14%) of the cohort met the definition of 

sedation failure (<80% time at sedation target CS 11-16) without meeting the 

threshold for under or oversedation individually. Children had a median (IQR) 

time of 71% (57-81) at sedation target with oversedation more common than 

undersedation. Full details of sedation outcomes for the included cohort are 

included in Table 18. 
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Table 18: Sedation outcomes for included patients in the descriptive 

study 

Outcomes (N=722 Patients) 

N Children with <80% time at target sedation CS [Sedation 

Failure] 

529 (73%) 

 

N Children with >20% time oversedated  289 (40%) 

N Children with >20% time undersedated  141 (20%) 

Median (IQR) Time Adequately Sedated per patient 71% (57-81) 

Median (IQR) Time oversedated per patient 16% (7-28) 

Median (IQR) Time undersedated per patient 8% (1-17) 

Mean (95% CI) Morphine infusion amount/hour 17(16-17) μg/kg/hr 

Number with midazolam infusion N (%) 344 (48%) 

Median (IQR) Midazolam infusion amount/hour 48 (21-86) μg/kg/hr 

3.3.4 Risk factors for undersedation and oversedation in the 

descriptive study 

As undersedation and oversedation are qualitatively different, with 

contrasting clinical complications, risk factors for each phenomenon were 

estimated separately rather than risk factors of the combination (see Table 

19). After adjustment for demographic and clinical variables, factors 

associated with increased odds of undersedation included being male (aOR 

1.59 95% CI 1.06-2.4) and having had surgery preceding admission (aOR 

2.04 95% CI 1.23-3.38). Neonates (aOR 0.14 95% CI 0.07-0.29) were 

associated with reduced odds of being undersedated. Conversely risk factors 

associated with oversedation were being a neonate (aOR 2 95% CI 1.23-

3.21), having a PIM2 0.05-0.1 (aOR 1.62 95% CI 1.04-2.53) or PIM2>0.1 

(aOR 1.94 95% CI 1.16-3.24) while having surgery before admission was 

associated with reduced odds of oversedation (aOR 0.48 95% CI 0.32-0.73).   
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Table 19: Risk factors at baseline for under and oversedation amongst included patients  

 

  Undersedated Not Undersedated OR OR 95% CI Adj.OR 95% CI Oversedated Not Oversedated OR OR 95% CI Adj. OR  95% CI 

Age < 1 month 11 (5%) 214 (95%) 0.144# 0.07-0.29 0.21# 0.1-0.44 107 (48%) 118 (52%) 2.33# 1.57-3.46 2# 1.23-3.21 

 
1 month- 6 

months 61 (26%) 171 (74%) - - - - 65 (28%) 167(72%) - - - - 

 
6 months -12 

months 24 (32%) 50 (685) 1.35 0.76-2.38 0.98 0.52-1.83 23 (31%) 51 (69%) 1.08 0.58-1.99 1.25 0.65-2.39 

 
12 months -36 

months 22 (36%) 39 (74%) 1.58 0.87-2.89 1.55 0.65-3.56 21 (34%) 40 (66%) 1.27 0.66-2.46 0.94 0.39-2.28 
 >36 months 23 (18%) 108 (82%) 0.6 0.35-1.02 0.86 0.26-2.88 73 (56%) 58 (44%) 2.44# 1.49-3.96 1.48 0.46-4.79 
              

Gender Male 89 (21%) 331 (79%) 1.32 0.9-1.94 1.59# 1.06-2.4 172 (41%) 248 (59%) 1.11 0.82-1.51 1.07 0.77-1.48 
 Female 51 (17%) 251 (83%) - - - - 116 (38%) 186 (72%) - - - - 
              

Weight <5kg 36 (10%) 318 (90%) 0.21# 0.13-0.34 0.57 0.31-1.04 144 (41%) 210 (59%) 1.73# 1.19-2.52 0.96 0.54-1.7 
 5kg-10kg 70 (35%) 131 (65%) - - - - 57 (28%) 144 (72%) - - - - 
 10kg-20kg 24 (27%) 64 (73%) 1.59 0.4-1.22 0.83 0.31-2.18 40 (45%) 48 (55%) 2.11# 1.24-3.57 1.52 0.58-4.03 
 >20kg 11 (14%) 69 (86%) 0.3# 0..15-0.61 0.24 0.12-1.72 48 (60%) 32 (40%) 3.79# 2.15-6.69 2.11 0.63-7.06 
              

Surgery pre-
admission Yes 89 (28%) 229 (72%) 2.69# 1.82-3.97 2.04# 1.23-3.38 92 (31%) 226 (69%) 0.43# 0.31-0.59 0.48# 0.32-0.73 

 No 51 (13%) 353 (87%) - - - - 196 (49%) 208 (51%) - - - - 
              

Neurodevelopmental 
Disorder Yes 39 (22%) 139 (78%) 1.23 0.81-1.87 0.94 0.6-1.48 60 (34%) 118 (66%) 0.7 0.49-1 0.82 0.56-1.2 

 No 101 (19%) 443 (81%) - - - - 228 (42%) 316 (58%) - - - - 
              

Baseline Morphine 
Dose ≤20 µg/kg/hr 10 (8%) 120 (92%) - - - - 63 (48%) 67 (52%) - - - - 

 20-40 µg/kg/hr 73 (20%) 294 (80%) 2.98# 1.48-6.01 1.81 0.86-3.78 136 (37%) 231 (63%) 0.63# 0.42-0.94 0.77 0.5-1.19 
 ≥40 µg/kg/hr 57 (25%) 168 (75%) 4.07# 1.96-8.45 1.23 0.54-2.81 89 (40%) 136 (60%) 0.7 0.45-1.08 1.51 0.87-2.61 
              

PIM2 <0.05 119 (23%) 394 (77%) - - - - 170 (33%) 343 (67%) - - - - 
 0.05-0.1 15 (13%) 104 (87%) 0.48# 0.27-0.85 0.9 0.47-1.73 64 (54%) 55 (46%) 2.35# 1.56-3.54 1.62# 1.04-2.53 
 >0.1 7 (8%) 84 (92%) 0.28# 0.13-0.62 0.48 0.19-1.23 55 (60%) 36 (40%) 3.08# 1.93-4.93 1.94# 1.16-3.24 

# = p<0.05
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3.4 Discussion 

Using CS assessments captured from routine clinical practice allows the 

determination of a sedation success outcome for use in sedative 

effectiveness studies. Compliance with scoring was good, with a score 

median (IQR) score documented every 3 (2-4) hours. This allowed an 

estimation of proportions of time at target sedation for mechanically 

ventilated children. A large proportion of these patients (73%) met the criteria 

for sedation failure (<80% of the time at CS target 11-16). For all included 

patients, the median percentage time classified at sedation target was 71% 

(IQR 57-81) with 16% (IQR 7-28) of time oversedated and 8% (IQR 1-17) of 

time undersedated. Oversedation is more common than undersedation 

consistent with previous studies.(73) Being male and recovering from 

surgery was associated with increased odds of undersedation after adjusting 

for other demographic and clinical variables. Neonates, however, were at 

reduced odds of being undersedated. Regarding the risk of oversedation, 

being at a neonatal age at the time of starting mechanical ventilation or 

having a PIM2 score of >0.05 was associated with increased odds of being 

oversedated. Those recovering from surgery had significantly reduced odds 

of being oversedated. Multiple sedative agents are generally required in the 

sedation regimen for each patient. 

 

These results are similar to a previous study by Wolf et al. under trial 

conditions using the original form of COMFORT Scale score that reported 

practically identical values for the time at target sedation at 74%/73% for the 

two sedative study arms of clonidine and midazolam respectively.(113) That 

study also reported 17%/18% time oversedated and 7%/4% for time 

undersedated for their two study arms. A complicating factor in the 

comparison of sedation outcomes across the literature is the use of different 

scoring tools, small study sizes and different definitions of adequate 

sedation. This study adopted established cut-offs of ≤10, indicating 

oversedation, ≥17 indicating a need for medication adjustment or 

undersedation and the numbers between to be a target area not requiring 

any adjustments of therapy. A recent systematic review summarised the 
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classification of recorded sedation observations from fifteen studies with 

adequate sedation reported in 58% of observations, undersedation in 11% 

and oversedation in 32% of observations.(73) The results for adequate, 

under, and oversedation reported in this study describe more time 

adequately sedated with significantly less time oversedated compared to this 

systematic review.(73) There may be several reasons for this difference. 

Most previous studies have classified either patients or recorded 

observations as adequately sedated/oversedated/undersedated.(73) In 

practice, sedation scores may be taken more frequently at times of distress 

and additionally post administration of rescue sedatives to evaluate 

effectiveness. Protocolised, for example, hourly observations alone may lead 

to misclassification by not capturing changes in state within that hour. As 

sedation is a continuum and responsive to interventions; classifications of 

patients as undersedated/oversedated may be an over-simplistic model to 

describe sedation. Classifying time at target sedation level, as shown in this 

study, presents an opportunity to capture sedation success throughout a 

PICU stay.  

 

This study contained a number of strengths. A large number of admissions 

were included, making it one of the most extensive studies of sedation 

practices to date. An adequately powered logistic regression was performed 

to establish risk factors for undersedation and oversedation for the first time. 

The inclusion of the validated CS was advantageous. However, there were 

also limitations. The CS target was set at 11-16 for all included patients. This 

range is in line with the sedation guidelines for the study site. However, some 

patients may have had an individualised sedation target. For example, a 

recent head injury may be in indication for deeper sedation. While individual 

targets were not accounted for in the analysis, those with 100% time 

oversedated were reviewed and excluded if it was evident from their 

diagnosis a deeper sedation target was indicated. Additionally, although 

sedation scores occurred at acceptable intervals, more frequent scheduled 

assessments could not be implemented as they were retrospectively 

gathered. While all nursing staff were formally trained in CS application, the 
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use of many different assessors for scoring introduces the risk of 

inconsistency. Data were also gathered from a single site limiting the 

generalisability of the findings. Children were also not subgrouped according 

to medications received, and only baseline medication use at PICU 

admission was recorded. This approach was chosen as the study purpose 

was to establish baseline risk factors of sedation failure and not differential 

outcomes with treatments. A final limitation was the binary definition of 

failure. The selection of 80% of study time within sedation target range as 

optimal is arbitrary, and treatment of sedation as a continuous outcome may 

be more clinically meaningful.  

 

This was one of the first studies to demonstrate the feasibility of using the 

validated CS assessments recorded in routine clinical care to quantify 

sedation success and provide information for the design of comparative 

effectiveness studies of sedatives. Outcomes were also similar to those 

found under trial conditions. The sub-optimal sedation outcomes described 

confirm the need for research in paediatric critical care sedation with most 

included children experiencing significant times out of sedation target levels 

while mechanically ventilated. Particular patient groups such as neonates, 

males and those recovering from surgery have greater risk of poor sedation 

outcomes. Future studies and clinical protocols should be mindful of the 

potential increased risk of difficulty in sedation of these patients. Neonates 

may be vulnerable to prolonged clearance of analgesic and sedative drugs 

that may contribute to oversedation. Those recovering from surgery may 

typically be undergoing active weaning which may precipitate episodes of 

undersedation and account for these increased odds. Gender differences in 

the responses to pain and analgesia is a growing field of study and known 

phenomena in adults and may be a result of different pain sensations, 

sensitivities to analgesia and occurrence of adverse effects between 

genders.(158)  

 

The results of this study guide the design of a large scale comparative 

effectiveness study of α2 agonists in critically ill children in Irish PICUs. The 
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results show that quantification of sedation success using retrospectively 

gathered CS scores is a feasible outcome measure for studies. This allows 

paediatric studies to have outcomes similar to the large-scale RCTs of 

dexmedetomidine in adults.(154) It also highlights current poor sedation 

outcomes within this population reinforcing the need for such studies and the 

data gathered allows estimation of sample size requirements in the design of 

effectiveness studies.   

3.5 Conclusions 

A high prevalence of sedation failure is emphasised in this study. 

Approximately one-third of time mechanically ventilated is not at the target 

sedation level for the patients here. Oversedation is more common than 

undersedation. Neonates and those with a PIM2 score of >0.05 had 

increased odds of oversedation while those recovering from surgery had 

decreased odds. Males and those recovering from surgery had increased 

odds of undersedation with neonates having reduced odds of undersedation. 

Several medications are required to achieve target sedation. Validated 

sedation scores such as the COMFORT Behaviour Score allow us to 

measure the quality of sedation achieved and should be at the forefront of 

the design of future sedation regimen studies. Data gathered on sedation 

outcomes and medication use allow the informed design of comparative 

effectiveness studies of sedatives such as the α2 agonists.  
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4 Chapter 4: The effectiveness of α2 agonists as sedatives 
in paediatric critical care: a propensity score matched 
cohort study 
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4.1 Introduction  

As described in the introduction of this thesis, research in distress, pain and 

anxiety is a priority in critical care, and evidence in the paediatric 

environment is limited.(157, 160) The α2 agonists clonidine and 

dexmedetomidine present an alternative class of sedative agents which may 

be used alongside or instead of opioids and benzodiazepines, potentially 

offering light sedation without respiratory depression. As described in the 

systematic review in Chapter 2, dexmedetomidine is licensed for sedation in 

adults, while paediatric use is off-label with limited evidence guiding practice. 

The older, less selective clonidine, is widely prescribed off-label within the 

PICU and has been subject to renewed research interest as a sedative. A 

focus of interest with α2 agonists, particularly clonidine, is an assumed effect 

of reducing requirements for opioid and benzodiazepine co-

administration.(126) Both drugs have established safety profiles and are well 

tolerated as sedatives with known and manageable haemodynamic 

effects.(161, 162)  

 

While controlled randomised interventional studies are considered the gold 

standard of medical research, they have drawbacks. Logistically they are 

challenging to conduct with onerous regulatory and ethical constraints and 

oversight. Subsequently, they are expensive in resources and time to 

conduct. Conducting randomised controlled trials has proven difficult in the 

PICU environment.(24) More than 80% of PICU RCTs are single-centred. 

One-third of PICU RCTs are terminated before the required sample size is 

achieved, often due to recruitment problems. Patient populations are 

heterogeneous, small and there is a lack of multi-centre networks, sicker 

patients may not be recruited, and ethical conflicts may impair approach to 

consent and also lead to protocol violations as investigators fear the 

uncertainty of trial participation. Large trials of α2 agonists have been and are 

being attempted in PICUs in Europe notably the SLEEPS and CLOSED 

multi-centre RCTs. Both trials have reported conduct difficulties and stopped 

recruiting before reaching recruitment targets (see Appendix 9). 
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The systematic review in Chapter 2 described three clonidine RCTs and 

three dexmedetomidine RCTs, although evidence supporting efficacy has 

been limited for both agents and trial feasibility issues have arisen in 

attempted and ongoing RCTs.(163)  Within this context, well-conducted 

comparative effectiveness studies present an alternative source of evidence. 

We designed a study of α2 agonists and recruited a cohort of mechanically 

ventilated children in Ireland’s two tertiary PICUs, which have a combined 

1700 admissions per year.  

 

The descriptive study in the previous chapter highlighted poor sedation 

outcomes in this cohort of patients. It also provided information to guide the 

design of comparative effectiveness studies such as this. This study adopted 

the robust non-inferiority design of previous RCTs assessing 

dexmedetomidine in adults(129, 164) for the first time in a paediatric setting. 

The primary end-point of the study was time adequately sedated as 

measured by the COMFORT Behaviour Score (CS). The non-inferiority 

approach comparing time adequately sedated is more rigorous than 

conventional study designs describing similarity in average sedation scores. 

Time adequately sedated was chosen as the primary end-point as it is 

clinically relevant, replicates highly regarded adult trials(129, 164), and uses 

a validated scoring tool.(34) Achievement of the primary end-point required 

the α2 agonist group to demonstrate non-inferiority in study time adequately 

sedated measured using the CS. If this outcome is met, the secondary 

outcomes to examine associations of α2 agonists with the dosing of co-

administered opioids and benzodiazepines were examined for additional 

benefit to using these agents.  

4.2 Methods 

The protocol for this comparative effectiveness study was peer-reviewed and 

published before data capture. This protocol is included in Appendix 2. This 

study was a two-site retrospective cohort study comparing an α2 agonist 

exposed group (either clonidine or dexmedetomidine) with a group who 

received neither while mechanically ventilated. Matching was then performed 
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after propensity score estimation. The analysis plan then evaluated sedation 

outcomes of the two groups. 

4.2.1 Setting and patient population 

First admissions between 1 January 2014 and 30 June 2016 to the PICUs of 

both Our Lady’s Children’s Hospital, Crumlin, (OLCHC) Dublin, Ireland 

(approximately 1200 per year) and the Children’s University Hospital 

(TSCUH), Temple Street, Dublin, Ireland (approximately 500 per year) were 

screened for inclusion. STROBE guidelines for reporting of findings of 

observational studies were followed (see Appendix 10) (157). In order to 

reduce the risk of selection bias, all eligible patients within OLCHC were 

included. The inclusion of all eligible patients was possible as full 

retrospective electronic patient records existed. The electronic patient record 

system at TSCUH was similar to the OLCHC system except for the absence 

of complete medication order documentation. For TSCUH, as medication 

orders are manually recorded on paper records, random sampling across the 

study period was employed. All other data points from TSCUH were 

gathered and analysed from the electronic patient records system similar to 

OLCHC. A research nurse assisted with retrieving patient charts and 

photocopying medication administration records at TSCUH. Both sites have 

similar protocolised analgesia and sedation guidelines. The CS target range 

is CS 11-16 with medication adjustments recommended to maximise time 

within this target. A CS observation is recommended to be recorded two to 

four hourly while a child is mechanically ventilated. Additionally, CS re-

evaluation is recommended 30 minutes post-sedative interventions. Data 

from Chapter 2 indicates that the median (IQR) time between CS 

observations for patients is 3.2 (2.6 -3.6) hours.  

 

Blinding of assessors was not necessary as data were gathered 

retrospectively as part of routine clinical care, and nursing staff were 

unaware of the future study plans. The unit sedation guidelines allow optional 

use of α2 agonists. The α2 agonists are initiated based on individual 

physician preference as a sedation adjunct as an alternative to or in addition 

to midazolam or chloral hydrate. Being started based on individual physician 



Effectiveness Study Chapter 4 

 

122 

 

preference rather than based on patient characteristics lessens the risk of 

confounding by indication. Children were included in the study if they 

received invasive mechanical ventilation for greater than eight hours, 

received a concomitant opioid infusion and had more than two recorded CS. 

The threshold of eight hours corresponds to a minimum of two routine 

sedation scores as well as the anticipated duration of action of a clonidine 

bolus. Those who received neuromuscular blockade, or received an a2 

agonist for a non-sedation indication, or received a non-morphine opioid 

infusion or were ventilated longer than 28 days were excluded.  

4.2.2 Data sources and ethics 

Pre-identified anonymised data were retrospectively extracted from the 

clinical information systems at both hospitals in addition to manual data 

extraction from paper medication order forms at TSCUH. Approval to 

conduct this study was granted by the Research Ethics Committee at both 

hospitals (see Appendix 7). 

4.2.3 Outcomes 

The primary outcome for the study was the percentage of study time 

adequately sedated defined as CS score within the range 11-16. During the 

observation period, each CS was plotted and scores linearly interpolated. 

Each study hour was then classified as adequately sedated (CS 11-16), 

undersedated (CS ≥17) or oversedated (CS ≤10).(34) The proportion of time 

spent in each pre-classified state was then calculated relative to the total 

study time for each patient. 

 

Secondary outcomes 

If non-inferiority was demonstrated, the pre-specified secondary outcomes of 

association between α2 agonist use and the dose of opioid and 

benzodiazepine co-administered were evaluated. The opioid dose was 

expressed as morphine µg/kg/hr, incorporating infusion and bolus amounts 

and midazolam dose as midazolam µg/kg/hr, incorporating infusion and 

bolus amounts. The number of chloral hydrate and paracetamol boluses 

administered (N/24 hours) were also recorded. Additional sedation-based 
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outcomes of time undersedated (CS ≥17), time oversedated (CS ≤10), 

ventilation-free days (out of 28 days) and duration of PICU stay were also 

calculated.  

4.2.4 Exposure groups 

Children were classified into two treatment groups (α2 agonist exposed group 

or an unexposed group who did not receive an α2 agonist while mechanically 

ventilated). Clonidine dosage in both units was recommended to be 1-2 

µg/kg intravenous bolus six to eight hourly and dexmedetomidine as a 

variable infusion rate titrated to effect ranging from 0.4 – 2.0 µg/kg/hr. The 

observation period for the exposed group was considered as the time from 

first α2 administration until extubation. For the unexposed group, as they did 

not have a time of the first dose of α2 agonist administered, a corresponding 

start time where an α2 agonist could have been started was chosen when a 

step-up in sedation treatment (a bolus of a sedative or increase in an infusion 

rate) occurred. If no such step-up was identified, the observation period 

started with the initiation of mechanical ventilation in the PICU.  

4.2.5 Propensity score matching  

Propensity score matching was used to mitigate the risk of bias due to 

confounding by indication. The principal assumptions underlying the use of 

propensity score include that treatment allocation for each person is 

independent, all the covariates potentially related to treatment assignment 

are known and measured, and finally, the treatment assignment is strongly 

ignorable given the covariates.(165) Under these assumptions, a treated and 

non-treated patient with the same propensity score can be considered as 

randomly assigned to each group. In practice, the propensity score is not 

known but can only be estimated using a logistic model to estimate the 

probability of being treated given the observed covariates.  

 

An advantage of propensity scores which make them particularly suited for 

intensive care research is they allow the investigator to control for many 

background covariates simultaneously, creating a single scalar variable. 

Patients with similar scores are paired and matched with a calliper interval 
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defined to prevent matches which are too different in terms of scores. Most 

studies use one-to-one matching, which match one individual closely 

matching treated to one untreated patient.(165) Alternatives are many to one 

or many to many matching, although these are rarely employed.  When 

matching, a choice is made to replace or not replace the patient once used in 

a match, again matching with replacement is less commonly employed.(165) 

Matching with replacement allows a used unexposed match to be reused for 

future matches. Nearest-neighbour matching (where the closest matching 

propensity score in the opposing treatment group is used for each match) is 

most often employed within a pre-defined calliper tolerance width, for 

example, 0.2 standard deviations (SD) of the propensity score.(165) Treated 

and untreated patients that remain unmatched are discarded from the 

analysis. This removes poorly successful matches from the analysis when 

the difference in propensity score between the treated and untreated 

breaches the pre-defined calliper threshold. The success of matching is 

usually assessed for each variable using the standardised difference as a 

measure of the residual imbalance. A residual imbalance of less than 10% 

has been empirically considered as acceptable.(166)  

4.2.6 Propensity score matching details  

For this study, propensity scores were estimated using a multivariable 

logistic regression model in which treatment assignment was regressed on 

all pre-specified demographic and clinical variables. Variables were included 

regardless of the statistical significance of difference across groups. The 

following variables were included: hospital site, gender, age, weight, primary 

reason for admission, baseline severity of illness score (Pediatric Logistic 

Organ Dysfunction Score [PELOD], risk of mortality (Pediatric Index of 

Mortality) [PIM2], presence of a neurodevelopmental delay alongside 

baseline morphine and if present baseline midazolam infusion dose. 

Recommendations for planning and analysis of an observational study by 

propensity score methods in intensive care and anaesthesiology were 

followed.(165) Each included child was given a score from 0 - 1 based on the 

likelihood of receiving the treatment exposure and pairs of exposed and 

unexposed patients were created using 1:1 nearest neighbour matching with 
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replacement.(167) Replacement was suitable as there were uneven group 

sizes and not a large pool of unexposed patients. The overlap region and 

area of common support of propensity scores between the two exposure 

groups were examined. No patients were excluded due to extreme 

propensity score values. Adequacy of propensity score matching was 

assessed by checking standardised differences of each covariate between 

groups before and after matching. The standardised difference (expressed 

as a percentage) represents the difference in means between two groups in 

units of standard deviation.(168) The target for covariate balance after 

matching was below 10% standardised difference in each covariate.  

4.2.7 Changes from the published protocol  

The protocol for this cohort study was published in advance of data capture 

and analysis.(169) After compiling the gathered data and before data 

analysis, the study investigators reviewed summary statistics of included 

patient variables. Outlier patients (ten patients over 16 years; seven who 

weighed over 65kg; ten who received a high baseline morphine dose greater 

than 100 µg/kg/hr; nine who received a midazolam baseline dose of 300 

µg/kg/hr; four with a high severity of illness score [PELOD > 15]; and one 

with a very high risk of mortality score [PIM2 >0.5]) were excluded as not 

representative of the general PICU population. Those remaining patients 

represented at least 99% of the distributions of each baseline covariate. The 

purpose of these additional exclusions was to facilitate higher quality 

matching pair formations of treated and untreated patients.  

4.2.8 Analysis 

Determination of non-inferiority 

A 12.5% non-inferiority margin was selected. Non-inferiority was assessed 

using a two-sided 95% confidence interval for the estimated ratio of the 

proportion of time adequately sedated for the exposed and unexposed 

groups. The time adequately sedated for both the exposed and unexposed 

groups is individually determined and expressed as a mean proportion and 

95% confidence interval. When expressed as a ratio of mean proportions of 

exposed to unexposed if the lower 95% confidence interval limit of this ratio 
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is greater than the threshold for non-inferiority (0.875) then the α2 group 

passes the non-inferiority test. Secondary outcomes were assessed using 

linear regression for continuous outcomes.  

 

Sub-group analysis examined clonidine and dexmedetomidine separately. A 

further sub-group analysis of children who were recovering from cardiac 

surgery and received clonidine was also conducted as this population may 

be more homogenous than all PICU populations combined. These analyses 

were pre-specified in the published study protocol.(169) After examining 

initial results and noting differences in the duration of mechanical ventilation 

between treatment groups, a sensitivity analysis was conducted restricting 

patients to different durations of mechanical ventilation epochs. Data 

analysis was conducted using STATA® Version 15 (StataCorp, TX, USA). 

Summary data are shown as means and 95% Confidence Intervals (95% CI). 

Statistical significance was defined as a p-value of less than 0.05.  

 

Justification of non-inferiority threshold 

As described, there were limited previous trials of α2 agonists, and a meta-

analysis of treatment effects was not possible in the systematic review 

described in Chapter 2. Hence, a non-inferiority limit was empirically 

determined. Initial data from the patient population showed that the 

unexposed group was adequately sedated 68% of the time (170). A 12.5% 

non-inferiority margin was selected as it corresponds to two hours less 

adequately sedated on a 24-hour clock. Anything over two hours is likely to 

be detectable on regular sedation score-based nurse monitoring. Allowing for 

a non-inferiority margin of 12.5%, we would accept the exposed groups to be 

non-inferior when adequately sedated at a ratio of 0.875 of the time of the 

unexposed group [59.5% / 68% of study time].  

4.2.9 Sample size calculation  

Taking a conservative estimate of 65% of time adequately sedated (from 

currently unpublished data) and with a non-inferiority limit of 12.5%, a sample 

size of 150 per treatment group would be required to give 90% power for the 

primary outcome hypothesis test. In order to enhance the quality of matching 
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in the presence of many potential confounders, all eligible patients at OLCHC 

were included alongside a random selection from TSCUH.   

4.3 Results 

4.3.1 Patient characteristics  

One thousand and eighty-five patients were included (Figure 10): 728 

children who received an α2 agonist and 357 unexposed children. Baseline 

characteristics of included patients before matching are shown in Table 20. 

Seven hundred and twenty-eight matched pairs were created after the 

construction of the propensity score model with some unexposed children 

used more than once. Overall, covariate balance was achieved (<10% 

standardised difference) after matching. However, some imbalance remained 

concerning the presence of a neurodevelopmental disorder and two 

diagnoses categories – post-non-cardiac surgery and gastrointestinal 

disorder. This was considered unlikely to impact the interpretation of results 

as all were ≤11% standardised difference (Figure 11).   

 

 

Figure 10: Flow chart of study participants in the comparative 

effectiveness study 
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Figure 11: Covariate balance before and after matching in the 

comparative effectiveness study 
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Table 20: Patient characteristics before matching (N = 1085 patients) in 

the comparative effectiveness study 

   Ŭ2 agonist 
exposed 

% Unexposed %  

Number in Group   728   357    

  Clonidine 692 95      

  Dexmedetomidine 36 5      
             

Hospital OLCHC  690 95 325 91 p=0.02 

  TSCUH 38 5 32 9  

             

Gender Male 411 56 205 57 p=0.76 

  Female 317 44 152 43  

             

Age Category (at 
admission) 

Neonate 200 27 152 43 p<0.001 

  1 month - 6 months 258 35 79 22 p<0.001 

  6 months - 12 months 93 13 12 3 p<0.001 

  12 months - 3 years 79 11 31 9 p=0.27 

  > 3 years 98 13 83 23 p<0.001 

             

Weight (at admission) <5kg 329 45 202 57 p=0.004 

  5kg-10kg 251 34 43 12 p<0.001 

  10kg -20kg 97 13 62 17 p=0.07 

  >20kg 51 7 50 14 p=0.002 

             

Reason for admission  Post-cardiac surgery 346 48 95 27 p<0.001 

  Post non-cardiac surgery 57 8 30 8 p=0.74 

  Cardiac Disorder (non-
surgical) 

118 16 76 21 p=0.04 

  Respiratory Disorder  85 12 55 15 p=0.08 

  Gastrointestinal Disorder 35 5 33 9 p=0.0046 

  Sepsis 26 4 18 5 p=0.25 

  Congenital Diaphragmatic 
Hernia 

18 2 7 2 p=0.598 

  Seizure 4 1 16 4 p<0.001 

  Other 39 5 27 8 p=0.1535 

             

Baseline PELOD 
score 
Mean (SD) 

 6.5 (2.1)   6.7 (2.5)   p=0.04 

PIM2r score  
Mean (SD) 

  0.04 (0.06)   0.05 (0.07)   p=0.002 

Neurodevelopmental 
Disorder N(%) 

  175 24 72 20 p=0.15 

 PIM2r: Paediatric Index of Mortality Version 2r 
PELOD: Pediatric Logistic Organ Dysfunction 
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4.3.2 Primary outcome  

Time adequately sedated: Non-Inferiority test (see Figure 12)  

 

The α2 agonist exposed group were adequately sedated at CS 11-16 for 74% 

(95% CI 72-75%) of study time compared to the unexposed group which 

were at CS for 70% (95% CI 67%-72%). This corresponds to a ratio of α2 

agonist exposed versus unexposed of 1.06 (95% CI 1.02 – 1.10). As the 

lower 95% CI of the ratio was above the pre-defined non-inferiority threshold 

of 0.875, the α2 exposed group was deemed to have non-inferior sedation 

(see Figure 12). Indeed, as this value was above 1.0 α2 agonist use was 

associated with superior sedation. Use of an α2 agonist was associated with 

a shift towards lighter sedation with 8.1% less time (95% CI 4% to 12%) 

oversedated (CS <11) and 4.9% more time (95% CI 2% to 8%) 

undersedated (CS>16). 

 

The clonidine group alone also had a superior time adequately sedated with 

a ratio of 1.08 (95% CI 1.03 – 1.12) versus unexposed matches. Children in 

the clonidine group received intravenous bolus doses of 1-2 µg/kg six to 

eight hourly. The dexmedetomidine cohort was smaller than anticipated 

(n=36). Approximately two-thirds of screened children who received 

dexmedetomidine were excluded for reasons including the use of several 

opioids, long stay patients, short periods of mechanical ventilation and use of 

clonidine alongside dexmedetomidine. This limits the ability of the study to 

form conclusions on associated outcomes with dexmedetomidine treatment. 

The dexmedetomidine cohort did not meet the non-inferiority threshold (lower 

end of 95% CI was below 0.875) with a ratio of 0.7 (95% CI 0.56-0.89) of 

time adequately sedated versus unexposed matches. The dexmedetomidine 

dose received was a 0.6 ± 0.2 µg/kg/hr (Mean± SD). Finally, a subgroup of 

post-cardiac-surgery children who received clonidine had a non-inferior time 

adequately sedated with a ratio of 1.06 (95% CI 0.98 – 1.14) versus 

unexposed matches.  
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Figure 12: Mean ± 95% CI for the ratio of the proportion of time 

adequately sedated for exposed versus unexposed groups in the 

comparative effectiveness study 

4.3.3 Secondary outcomes: Opioid and benzodiazepine use 

Having met the pre-requisite of the non-inferior sedation outcomes, the 

addition of any α2 agonists were evaluated to measure any associated 

impact in opioid and benzodiazepine co-administration. For all analyses, no 

statistically significant associated decrease in morphine was observed (see 

Table 21). A small but statistically significant increase in midazolam use was 

observed in the cohort who were treated with clonidine, and a more 

substantial increase was seen in the dexmedetomidine cohort. After a 

sensitivity analysis of different durations of mechanical ventilation, a 

significant increase in midazolam use was only associated with duration of 

ventilation between seven and twenty-eight days (these children were more 

likely to be exposed to an α2 agonist).  
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Table 21: Morphine and midazolam use in the comparative 

effectiveness study groups 

  Morphine      Midazolam     

  (µg/kg/hr)     (µg/kg/hr)     

  Mean 95% CI p 

value 

Mean 95% CI p value 

Any α2 agonist treated  18.81 (18.20 - 

19.41) 

  32.1 (28.78 - 

35.42) 

  

Unexposed matches 18.56 (17.80 - 

19.31) 

  25.53 (22.76 - 

28.31) 

  

-> difference (728 

matched pairs) 

-0.25 (-0.68 - 

1.18) 

0.79 +6.57 (0.65 - 

12.48) 

0.03 

              

All clonidine treated  18.16 (17.53 - 

18.78) 

  31.33 (28.17 - 

34.5) 

  

Unexposed matches 18.55 (17.76 - 

19.34) 

  23.35 (20.55 - 

26.16) 

  

-> difference (692 

matched pairs) 

-0.4 (-2.17 - 

1.38) 

0.66 +7.98 (0.30 - 

15.66) 

0.04 

              

All dexmedetomidine 

treated  

17.97 (16.98 - 

18.97) 

  77.3 (69.31 - 

85.28) 

  

Unexposed matches 16.78 (15.61 - 

17.95) 

  35.54 (29.89 - 

41.2) 

  

-> difference (36 

matched pairs) 

+1.19 (-2.31 - 

4.69) 

0.5 +41.75 (11.51 - 

71.99) 

0.01 

              

Clonidine post cardiac 

surgery  

22.22 (21.33 - 

23.10) 

  16.03 (12.91 - 

19.14) 

  

Unexposed post 

cardiac surgery 

matches 

24.56 (23.10 - 

26.03) 

  13.67 (10.54 - 

16.81) 

  

-> difference (346 

matched pairs) 

-2.34 (-5.24 - 

0.56) 

0.114 +2.35 (-4.36 - 

9.06) 

0.492 
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4.3.4 Other outcomes 

Use of an α2 agonists was also associated with approximately one extra 

bolus of chloral hydrate and half a bolus of paracetamol per 24 hours study 

time. The α2 agonist group was also associated with a longer duration of 

mechanical ventilation (but similar ventilator-free days), and a longer PICU 

stay.(see Table 22) 
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Table 22: Other pre-defined outcomes in the effectiveness study 

  Any α2 agonist Unexposed 

matches 

     

  Mean 95% CI Mean  95% CI Treatment 

effect 

95% CI  p 

value 

Number of morphine boluses (N/24 hours) 2.60 (2.44 - 2.76) 2.62 (2.44-2.8) -0.02 (-0.52 - 0.49) 0.944 

Difference between morphine infusion 

baseline and average rate (μg/kg/24hr) 

-10.92 (-10.14 - -

11.69) 

-

10.40 

(-9.68 - -

11.11) 

-0.52 (-0.69 - 1.73) 0.399 

Number of midazolam boluses (N/24hours)    1.29 (1.15 -1.44) 1.12 (0.96 - 1.28) +0.17 (-0.29 - 0.63) 0.638 

Number of chloral hydrate boluses 

(N/24hours) 

1.96 (1.86 - 2.06) 1.03 (0.93 - 1.13) +0.93 (0.62 -1.23) <0.0001 

Number of paracetamol boluses (N/24hours) 2.80 (2.63 - 2.98) 2.31 (2.19 - 2.43) +0.49 (0.074 - 0.91) 0.021 

Duration of mechanical ventilation (days)  4.24 (3.99 - 4.50) 2.12 (2.00 - 2.25) +2.12 (1.61-  2.62) <0.0001 

Ventilator-free days (out of 28 days) 21.92 (21.41 - 22.43) 22.96 (22.56 - 

23.35) 

-1.04 (-2.26 - 0.18) 0.094 

Paediatric intensive care unit stay 7.48 (7.15 - 7.82) 4.59 (4.37 - 4.81) +2.89 (2.20 - 3.58) <0.0001 
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4.4 Discussion  

In a retrospective population of PICU admissions over 30 months in two 

PICUs, use of α2 agonists was associated with similar time adequately 

sedated compared to a matched population unexposed to α2 agonists. When 

examined for the benefit of inclusion of this additional sedative, reduced co-

administration of morphine or midazolam was not observed. These findings 

are derived mainly from examining clonidine use. Patients who received 

dexmedetomidine spent less time adequately sedated than their 

corresponding unexposed matches, though this observation is based on 

small study numbers. No associated reduction in morphine or midazolam co-

administration was observed for this group. Use of α2 agonists was 

associated with a shift towards lighter sedation with 8.1% (95% CI 4.3% - 

11.9%) less time oversedated. The time undersedated increased by 4.9% 

(95% CI 2.0% - 7.8%) and was managed by boluses of additional rescue 

boluses of chloral hydrate and paracetamol.  

 

Examining the two α2 agonists individually highlights their potential differing 

roles in sedation. Where clonidine was added as a sedation adjunct in 

mechanically ventilated children, an increase of time at sedation target was 

observed with a ratio of 1.08 (95% CI 1.03 – 1.12) versus unexposed 

matches. A concurrent decrease in co-administration of morphine and 

midazolam had been hypothesised to be observable. This decrease was not 

observed. Indeed, a small increase in midazolam exposure was recorded. 

These findings may be due to the hypothesised sparing effects being false or 

potentially suboptimal dosing of clonidine. There is a case, however, for the 

inclusion of clonidine for some cases. Those children facing dose escalations 

of morphine or midazolam or with tolerability issues could benefit from the 

addition of clonidine. Inclusion in the sedation regimen for all patients did 

show an increased time adequately sedated even if opioid/benzodiazepine 

sparing effects were not observed. The α2 agonist exposed children had a 

longer duration of mechanical ventilation and did not require significantly 

escalated doses of morphine or midazolam. This plateau may also be a 

result of the sedative effect of the α2 agonists. Further studies could confirm 
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whether the addition of clonidine tempers a trajectory of escalating doses, 

particularly in longer-stay admissions.  

 

The dexmedetomidine cohort had less time adequately sedated than 

unexposed matches without morphine or midazolam sparing effects though 

this comparison was underpowered. The poorer outcomes complement the 

recent study by Grant and colleagues.(171) Similar to this study; they found 

no benefit from the addition of dexmedetomidine as a secondary sedative. 

Similar sedation profiles were reported, and opioid or benzodiazepine 

sparing effects were not seen. Longer weans from mechanical ventilation 

and PICU stays were also observed in their study. Their data, however, did 

support use of dexmedetomidine as a primary sedative in children with less 

severe illness. As a primary agent, more time was spent at sedation target 

and was particularly beneficial in those with milder illness and shorter 

anticipated duration of mechanical ventilation. This role appears to be the 

most suitable use for dexmedetomidine. Similar to the results here, more 

sedative rescue boluses were used in the α2 agonist cohort reflecting the 

lighter level of sedation recorded. 

 

RCTs of α2 agonists to date have proven challenging to conduct. Two large-

scale studies of efficacy have been published(113, 126), and one is on-

going(160). The SLEEPS study anticipated recruiting 1000 children to 

compare clonidine with midazolam.(113) One hundred and twenty-nine 

patients were recruited, and there were many trial protocol violations 

reported. Significant underpowering and protocol violations make 

interpretation of results difficult. Of note, the clonidine group in the SLEEPS 

study was recorded as having 74% (95% CI 55 - 84%) time adequately 

sedated matching the α2 agonist treated group in this study at 74% (95% CI 

72-75%). This suggests the observational data in the PICUs here are 

comparable to the results obtained from this RCT, albeit in the presence of 

internal validity issues within the SLEEPS study. Real world data has been 

identified as a valuable asset to complement RCT findings in newer study 

designs within the critical care environment.(172) 
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Hunseler and colleagues successfully recruited 219 children across twenty-

eight German PICUs for their clonidine versus midazolam trial.(126) Overall, 

in the all-patient analysis, no reduction in fentanyl or midazolam co-

administration was reported. An exploratory analysis in age-bands detailed in 

neonates only a significantly lower use of fentanyl in the clonidine group 2.1 

± 1.8 µg/kg/hr versus the placebo group 3.2 ± 3.1 µg/kg/hr (p=0.032). 

Midazolam use was also significantly reduced with an average consumption 

of 113 ± 100.1 µg/kg/hr versus 180.2 ± 204 µg/kg/hr in the placebo group 

(p=0.03). Reductions in older age-bands were not statistically significant. The 

isolated signs of an opioid and benzodiazepine sparing effect in neonates 

were attributed to higher serum levels of clonidine in the newborns relative to 

older cohorts. It is likely midazolam sparing effects were not seen as serum 

levels in this study would be similarly low. This study led to the design of the 

multi-European site CLOSED trial, which planned to recruit 300 children 

randomised to clonidine or midazolam in a non-inferiority of occurrence of 

sedation failure design using the validated CS.(163) Due to recruitment 

difficulties, this study is now reframed as a PK-PD study.  

 

Dexmedetomidine trials in children have been smaller and have reported 

reduced post-surgical mechanical ventilation duration times(133, 134) or 

reduced opioid requirements(133, 135). The expectation for efficacy in 

children has largely been extrapolated from robust adult trials demonstrating 

a similar quality of sedation with dexmedetomidine to midazolam and 

propofol combined with shorter durations of mechanical ventilation.(128) The 

outcome design of the adult dexmedetomidine trials was adopted requiring a 

pre-requisite of similar time adequately sedated with an α2 agonist before 

evaluating additional benefits of their inclusion in the sedation regimen. In a 

comparison of dexmedetomidine with fentanyl boluses versus midazolam 

and fentanyl boluses in adults, the dexmedetomidine/midazolam ratio in time 

at target sedation was 1.07 (95% CI 0.97 – 1.18) similar to the α2 agonist/no 

α2 agonist ratio here of 1.06 (95% CI 1.02 – 1.10). This indicates that 

observational studies in the PICU can produce comparable findings to RCT 

conditions and shows promise for future comparative effectiveness studies.  
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This study focused on evaluating the effectiveness of α2 agonist. Safety and 

haemodynamic tolerability of both clonidine and dexmedetomidine have 

been evaluated in prospective studies elsewhere. A recent sizeable study of 

168 critically ill children who received a clonidine infusion evaluated 

haemodynamic stability.(173) Prevalence of bradycardia (40% of included 

children) and hypotension (50% of included children) were studied. Overall 

haemodynamic stability was, however, not compromised as compensatory 

mechanisms maintained stability. Further studies in children who received 

clonidine have also produced similar findings.(126, 162, 174) 

Dexmedetomidine has a similarly established adverse effect profile.(134, 

175). Studies have shown bradycardia throughout infusions, some initial 

hypertension followed by potential hypotension. These known effects are 

manageable, and seldom required the withdrawal of therapy.  

 

A strength of this study is the creation of a propensity score model to attempt 

to mimic randomisation within the study population and minimise selection 

bias. Propensity scores are becoming an increasingly popular matching 

method for observational studies conducted in the ICU setting.(165, 176) 

This is one of the largest observational studies conducted to date evaluating 

α2 agonists in the PICU and also benefits from using clinical sedation scores 

to determine sedation quality. Other observational studies have primarily 

focused on ventilator-related outcomes. Adopting the outcome style of the 

adult dexmedetomidine RCTs ensured the clinically significant sedation 

quality outcome was a pre-requisite to evaluating any opioid or 

benzodiazepine sparing outcome. Through this, it was possible to report 

shifts in sedation status towards lighter sedation which otherwise would not 

have been possible even if opioid and benzodiazepine sparing effects were 

not observed. Clinical and demographic potential confounders were identified 

a priori. Established pre-specified criteria for successful matching were met 

and were based on previous clinical studies and consensus amongst the 

investigators. As with all matching techniques, however, groups were not 

perfectly comparable post-matching. Residual imbalance should, therefore, 

be considered a limitation of this and similar studies. Some residual 
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confounding also likely remains from unmeasured confounders. Individual 

hospital practices, compliance with guidelines, nursing staff experience 

alongside patient factors such as variable drug handling and response may 

have remained unaccounted for in the model here. A limitation of the study is 

that the study times for the α2 agonist group were longer than for the 

unexposed group leading to a corresponding longer duration of mechanical 

ventilation and PICU stay. It is not believed that this is caused by the use of 

α2 agonists and should not be a reason to discourage their use. It is likely to 

have resulted from the smaller number of unexposed patients available for 

matching and who tended to have shorter PICU stays. Longer stay patients 

are also more likely to be exposed to α2 agonists. In response to this, 

sensitivity analyses were conducted restricting durations of mechanical 

ventilation to several time-points, and they did not change the interpretation 

of study findings. Typically, propensity score studies would use large 

databases with many more unexposed patients. Future studies might benefit 

from more study-sites with access to a higher number of unexposed patients 

to minimise the need to use unexposed patients more than once in the 

analysis. Of note, other sedatives/analgesics were rarely administered during 

the observation period (ketamine boluses in 1% of children, propofol in 1% of 

children and alimemazine in 2% of children). Compliance with sedation 

scoring was high in both units. However, sedation is a dynamic state. Scores 

are based on a two minute observation period, repeated based on clinical 

impression and to evaluate responses to interventions. As with all studies of 

this type, there are limitations with using periodic scoring rather than a 

system of continuous monitoring. 

 

Based on this study and previous studies of α2 agonists described in the 

systematic review, robust evidence supporting the routine use of these 

sedatives has yet to be demonstrated. In order to advance understanding of 

the role of α2 agonists in PICU sedation, additional studies aimed at 

identifying optimal dosing are required. Practice in Irish PICUs favours 

regular boluses of clonidine, though studies in the literature report various 

bolus and fixed infusion regimens with or without a loading dose (113, 127, 
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150, 163, 177, 178). Sub-optimal dosing of clonidine may partly explain the 

lack of association with opioid or benzodiazepine sparing effects observed. 

Higher doses have been utilised in previous studies. Further studies of dose-

response relationships are warranted to inform current practice, and future 

trial attempts with clonidine. Evaluation of outcomes after introduction of new 

dosage regimens would also be worth studying. This study should be used to 

complement existing knowledge on α2 agonist effectiveness. The study 

successfully demonstrated the use of a clinical sedation score based study 

design replicating trial designs and should be used to inform the 

methodology of future studies.  

4.5 Conclusions  

In a large cohort of admissions to two tertiary PICUs, use of α2 agonists was 

associated with similar time adequately sedated to unexposed matches 

without benefits of reduced opioid or benzodiazepine co-administration to 

justify inclusion in the sedation regimen. There was a shift towards lighter 

sedation with significantly less time oversedated. In a small cohort of 

dexmedetomidine patients, enhanced sedation outcomes were not observed. 

In the face of difficulties in trial conduct in PICUs, well-conducted 

comparative effectiveness studies provide a feasible method of 

complementing trial data and inform future trial design.  
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5 Chapter 5: Optimising clonidine dosage regimens for 
sedation in mechanically ventilated children: a 
pharmacokinetic simulation study 
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5.1 Introduction 

As described in the last chapter, the α2 agonists clonidine and 

dexmedetomidine are now in routine clinical use in paediatric critical care in 

Ireland as sedatives despite limited evidence of efficacy.(115) An alternative 

mechanism of action to opioids and benzodiazepines makes them an 

attractive option for therapy. Some of this interest has been extrapolated 

from successful trials of dexmedetomidine in the adult intensive care 

unit.(129, 154, 164) The older, and less selective, α2 agonist clonidine has 

been in off-label use in the Paediatric Intensive Care Unit (PICU) for 

decades.(177) Less is known about clonidine’s efficacy despite it being an 

older agent. Paradoxically, increased prescribing rates of dexmedetomidine 

has evoked interest in optimising the role of clonidine.(162, 179) Of particular 

importance for paediatric use is that clonidine displays age-related changes 

in pharmacokinetics attributable to the maturation of clearance during 

infancy.(150) It has a long elimination half-life (16.9 hours in neonates, 11.4 

hours in infants and 7.4 hours in children).(180) Additionally, intravenous 

formulations of clonidine are currently not marketed in North America 

although an oral formulation is available. Both oral and intravenous 

formulations are however commercially available in Europe. Bioavailability of 

orally administered clonidine formulations has been estimated to be 

approximately 55% in children.(153) Paediatric-derived information to date, 

on both α2 agonists, has been scarce with limited evidence of efficacy on 

sedation outcomes, as described in Chapter 2.  

Evidence to support a particular dosage regimen of clonidine has also 

been limited. Of the RCTs previously performed, one [Duffet et al.](127) was 

a pilot study and not powered for efficacy outcomes, and two studies 

[SLEEPS and CloSed](113, 163) encountered recruitment difficulties 

prohibiting analysis of pre-planned outcomes. A final study [Hunseler et 

al.](126) reported efficacy as an opioid-sparing agent, though this was only 

observed in one age stratum: that of neonates. It has been proposed the 

isolated signs of efficacy (reduced fentanyl administration) in this RCT were 

due to higher plasma clonidine levels in neonates versus older infants due to 

the underdeveloped clearance in the former.(180)  
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Recruitment difficulties within the multisite European CloSed trial 

suggest evidence from RCTs of dosage regimen efficacy might remain 

elusive for the near future.(163) The comparative effectiveness observational 

study, described in Chapter 4, included 692 children in Ireland who received 

clonidine while mechanically ventilated. Although an increased time at the 

target sedation score was observed, a concomitant decrease in opioid and 

benzodiazepine use was not found. Of note, clonidine dosages in this study 

were in the range of intravenous boluses of 1-2 µg/kg six to eight hourly. 

There appears to be a shift; however, within the literature, towards higher 

clonidine dosage regimens than those which are currently employed in 

clinical practice in Ireland.(169) While the optimal clonidine dosage regimen 

remains undefined, it is reasonable to consider that many children may be 

sub-optimally dosed within the current practice, although this has not been 

formally tested. Population pharmacokinetic parameters for clonidine have 

previously been published(150), although the standardisation of maturation 

parameters has more recently been proposed.(181) These parameters 

provide for formal clonidine dosage simulations to predict plasma 

concentrations achieved by various dosing strategies.  

The aim of this study to assess whether clonidine dosage regimens 

used in previous clinical studies and in routine practice are likely to achieve 

target clonidine plasma concentrations. Patient demographics of the 692 

included children from the comparative effectiveness study of clonidine in 

Chapter 4 are used in the simulation, replicating a real-life clinical population. 

This study will inform both current off-label clinical practice and provide 

evidence for dosage regimen design in future clonidine RCT attempts. 

5.2 Methods 

5.2.1 Dosage regimen identification 

Eligible studies were identified from the studies included in the systematic 

review in Chapter 2. This systematic review included three clonidine 

RCTs.(113, 126, 127) In addition, the ongoing CloSed trial was 

included.(163) Dosage regimens used in the two Irish PICUs, identified in 

Chapter 4, were also included to give a breadth of dosage regimens.  
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5.2.2 Clinical and pharmacokinetic parameters 

Demographic details from the 692 children who received clonidine while 

mechanically ventilated in the PICUs of OLCHC Dublin, Ireland, and TSCUH, 

Dublin, Ireland that were included in the previously described comparative 

effectiveness observational study were included (Table 23). Gestational and 

postnatal age alongside body weight at admission were detailed for each 

child who received clonidine. Clonidine pharmacokinetic data were obtained 

from the model of Larsson and al and updated.(Table 24).This model used a 

sigmoidal postmenstrual age (PMA) function.(181)  

 

 

 

 

where CL is Drug Clearance in an individual,  is the typical CLT for a 70 kg 

adult, W T is body weight, PMA50 is the PMA (usually in weeks) for CL to 

reach 50% mature, and Hill is the shape parameter. 
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Table 23: Characteristics of patients included in the PK simulation 

study 

  N % 

Number of Patients   692   

      

Gender Male 387 56 

  Female 305 44 

        

Corrected Age Category (at admission) Neonate 234 34 

  1 month - 6 months 242 35 

  6 months - 12 months 76 11 

  12 months - 3 years 57 8 

  > 3 years 83 12 

        

Weight (at admission) <5kg 325 47 

  5kg-10kg 246 36 

  10kg -20kg 80 12 

  >20kg 41 6 

        

Reason for admission  Post-cardiac surgery 346 50 

  Post non-cardiac surgery 44 6 

  Cardiac Disorder (non-

surgical) 

118 17 

  Respiratory Disorder  77 11 

  Gastrointestinal Disorder 35 5 

  Sepsis 25 4 

  Congenital Diaphragmatic 

Hernia 

18 3 

  Seizure 3 0 

  Other 26 4 

        

Baseline Paediatric Logistic Organ Dysfunction 

(PELOD) score 

Mean (SD) 

  6.4 (2.1)   

Paediatric Index of Mortality (PIM2r) score 

Mean (SD) 

  0.04 (0.06)   

Neurodevelopmental Disorder N (%)   163 24 
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Table 24: Pharmacokinetic parameters derived after updating the model 

of data by Larsson et al.  

  Parameter Estimate %BSV 

Clstd (l h-1 70kg -1) 17.9 30.3 

V1std (l 70 kg-1) 81.2 71.5 

Qstd (l h-1 70 kg-1) 121 44.3 

V2std (l 70 kg-1) 113 33.9 

Tabs (h) 0.454 85.1 

Tlag 0.148 91.2 

PMA50 (weeks) 61.6  

Hill 61.6  

BSV = Between-subject variability  

where CL is Drug Clearance in an individual,  

CLstd is the population estimates for CL, standardised to a 70-kg person, 

V1 is the central volume,  

V2 is the peripheral volume,  

Q is the intercompartment clearance standardised to a 70-kg person,  

Tabs is the absorption half-life,  

Tlag is the lag time before absorption occurs,  

PMA50 is the PMA (in weeks) for CL to reach 50% mature,  

Hill is the shape parameter. 

5.2.3 Pharmacokinetic model development 

Using this model and the dataset including the demographic data of the 692 

children, a simulation was performed with NONMEM (Version 7.4) to predict 

plasma concentrations of clonidine for the nominated dosage regimens 

during 24 hours. This work was conducted by the investigator in collaboration 

with input from investigators at the Institute of Child Health at University 

College London. 

5.2.4 Plasma profiles 

The minimum plasma clonidine concentration, defined as 2 µg/L was chosen 

as the target concentration, reflecting current literature consensus for adults 

and children.(121, 163) Plasma concentration profiles for 24 hours were 
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plotted using R (Version 1.1.442) to determine if therapeutic levels are likely 

to be achieved. Median plasma concentration of clonidine attained by each 

child at each time point along with 95th percentiles was plotted. For the 

purposes of the simulation, the mid-way point of each infusion range was 

chosen. Variable dosage range infusions were permitted in two studies. 

These were the SLEEPS RCT [0-3 µg/kg/hr], and the CloSed RCT [dosage 

for neonates was 1 µg/kg over 15 mins followed by 0.5-1 µg/kg/hr, and the 

dosage for older children was 2 µg/kg over 15 mins followed by 1-2 µg/kg/hr]. 

For the SLEEPS RCT this was 1.5 µg/kg/hr. For the CloSed neonatal dosage 

this was 0.75 µg/kg/hr and 1.5 µg/kg/hr for older children. The CloSed study 

also permits additional rescue boluses if insufficient sedation is not achieved. 

These were not included in the simulation in this study. Plasma concentration 

profiles for 24 hours were plotted using R (Version 3.4.4) to determine if 

therapeutic levels are likely to be achieved. Median plasma concentrations of 

clonidine attained by each child at each time point along with 95th 

percentiles were plotted. 
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5.3 Results 

5.3.1 Included studies and dosage regimens 

A summary of the included studies is provided in Table 25: Characteristics of 

studies from which clonidine dosage information was derived for the PK 

simulation study. Three large-scale clonidine RCTs have been attempted to 

date or are on-going(113, 126, 163), in addition to one pilot RCT(127). Within 

these four RCTs, one study used a fixed bolus of 5 µg/kg six hourly via the 

nasogastric route(127), one study used a fixed infusion of 1 µg/kg/hr(126), 

and two studies used a loading bolus followed by a variable infusion rate up 

to 2 µg/kg/hr in the CloSed study(163) and 3 µg/kg/hr in the SLEEPs 

study(113). The final study, described in Chapter 4, reflects local practice in 

PICUs in Ireland with a bolus dosage of 1-2 µg/kg six to eight hourly. Other 

studies have described similar intravenous clonidine bolus dosages within 

the lower range of 1- 2.5 µg/kg(150). For the CloSed study, dosages were 

halved in neonates, and a series of additional boluses were permitted if 

insufficient sedation was achieved. For the purposes of this simulation, no 

additional boluses were included beyond the first loading dose. For both 

variable rate infusions, the mid-way infusion rate was chosen for simulation. 
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Table 25: Characteristics of studies from which clonidine dosage information was derived for the PK simulation 

study 

Study Route Regimen Number of patients Patient characteristics 

Duffett(127) Nasogastric 5 µg/kg 6 hourly 50 Mechanically ventilated 

children 30 days - 18 years 

Hunseler(126) Intravenous 1 µg/kg/hr 219 Mechanically ventilated 

children under 2 years 

Wolf(113) 

(SLEEPS) 

Intravenous 3 µg/kg/hr loading over 1 hour 

followed by 0-3 µg/kg/hr titrated 

infusion 

120 Mechanically ventilated 

children 30 days - 15 years 

Neubert(163) 

CloSed) 

Intravenous 2 µg/kg/hr loading over 15 mins 

followed by 1-2 µg/kg/hr titrated 

infusion 

200 planned Mechanically ventilated 

children 28 days - 18 years 

Neubert(163) 

(CloSed) 

Intravenous 1 µg/kg/hr loading over 15 mins 

followed by 0.5-1 µg/kg/hr titrated 

infusion 

100 planned Mechanically ventilated 

children 0 days - 28 days 

Hayden Intravenous 1-2 µg/kg 6- 8 hourly 692 Mechanically ventilated 

children 0 days -18 years 
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5.3.2 Simulations 

The results of the simulated plasma clonidine concentrations for the first 24 

hours of treatment are shown in Figure 13. The intravenous bolus dosages of 

1-2 µg/kg 6-8 hourly studied did not achieve the target plasma concentration. 

The higher nasogastric dosage of Duffett et al. was associated with 

significant time above the target concentration, although high variability was 

observed with this route of administration.(127) The intravenous infusion 

regimens attained the target levels for many children. The study by Hunseler 

et al. of a fixed dosage of 1 µg/kg/hr without a loading dose was associated 

with a longer time to steady-state concentrations than the other infusion 

regimens. The SLEEPs study regimen of a 3 µg/kg/hr loading dose followed 

by a variable infusion rate of 0-3 µg/kg/hr achieved the highest median 

plasma concentrations with most patients above the target level after five to 

ten hours.(113) The CloSed study regimen achieved target concentrations in 

a minority of children.(161) 
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Figure 13: Simulated plasma clonidine concentrations  

1= 1µg/kg/8h IV bolus 
2= 1µg/kg/6h IV bolus 
3= 2µg/kg/8h IV bolus 
4= 2µg/kg/6h IV bolus, 
5= 5µg/kg/6h NG bolus (Duffett at al), 
6= 3µg/kg/h loading then 1.5µg/kg/h IV infusion (Wolf et al/SLEEPS), 
7= 1µg/kg/h IV infusion (Hunseler et al) 
8= 1µg/kg/h then 0.75 µg/kg/h IV infusion (Neubert et al/CloSed neonates) 
9= 2 µg/kg/h then 1.5 µg/kg/h IV infusion (Neubert et al/CloSed > age 28 days) 
  
The red line represents the minimum target concentration. The black line is the predicted 
median concentration, and the dashed line represents the 95% Confidence Interval. 
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5.4 Discussion 

Uncertainty relating to optimal clonidine dosage may have contributed to 

inconsistent reports of efficacy in previous studies. This simulation study was 

conducted to evaluate the adequacy of previously reported clonidine dosage 

regimens. Updated pharmacokinetic parameters incorporating a maturation 

function are then presented. A literature review showed a range of clonidine 

dosages from 1 µg/kg boluses every 8 hours up to infusion rates of 3 

µg/kg/hr had been used in previous studies. Simulation of plasma 

concentrations using the demographics of a large cohort of children who 

received clonidine highlight many of these dosage regimens are unlikely to 

achieve the target plasma concentration. Clinicians should be mindful of 

clonidine pharmacokinetics when selecting a dosage strategy. In particular, 

the long half-life of clonidine in children delays the achievement of steady-

state concentrations. Administration by continuous infusion is required to 

achieve concentrations above a minimum threshold of 2 µg/L at steady state. 

Without a loading dose, concentrations above 2 µg/L are not achieved in the 

first 24 hours of treatment for many children. Fixed bolus dosages of 

clonidine via the intravenous or nasogastric route produce relatively low 

plasma concentrations. The variety of dosage regimens of clonidine 

described in the literature reflects a research gap that should be addressed 

before future efficacy studies are attempted.  

Clonidine dosage regimens and target plasma concentrations have 

evolved in recent years. In 2003, a lower concentration range of 0.3 - 0.8 

µg/L was estimated as satisfactory for preoperative sedation in children 1 - 

11 years.(182) This was consistent with an earlier study in 1998, which found 

postoperative sedation was unsatisfactory in children of 1 - 9 years at 

concentrations below 0.3 µg/L.(183) Studies in adults report therapeutic 

analgesia and sedation in the range of 1.5 -2 µg/L.(150)  The paediatric 

study by Arenas-Lopez et al. suggests a similar range is adequate in 

children. Their study of twenty-four mechanically ventilated children who 

received clonidine and morphine had 82% of sedation assessments at the 

target range and showed a majority of steady-state plasma concentrations in 
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the range 0.9 – 2.5 µg/L.(178) Of note, the largest paediatric RCT of 

clonidine by Hunseler et al. did not report plasma clonidine 

concentrations.(126) Efficacy was evaluated in three different age strata: 

[Strata One from 0 days to 28 days, Strata Two from 29 days to 120 days 

and Strata Three from 121 days to 2 years]. A significant reduction in 

fentanyl co-administration was reported only in the neonate cohort of Strata 

One. Subsequently, plasma clonidine concentration profiles for each of the 

three age strata were predicted(180) based on the dosage regimen 

employed and literature pharmacokinetic parameters by Potts et al.(150) 

Steady-state concentrations were predicted with approximate means of 6 

µg/L, 5 µg/L and 3 µg/L respectively for each stratum. Given efficacy was 

observed in the youngest cohort only; this would imply that higher plasma 

concentrations than previously anticipated are required. While the optimal 

clonidine plasma concentration remains undefined, concentrations at least 

above 2 µg/L are warranted, and concentrations up to a median of 6 µg/L are 

attained in mechanically ventilated children.  

Potts et al. previously proposed a dosage regimen for clonidine 

infusions aimed at maintaining plasma concentration above 0.3 µg/L with a 

median concentration target of 1 µg/L.(150) A loading dose of 1 µg/kg 

followed by an infusion of 2 µg/kg/hr for 30 minutes, 1 µg/kg/hr for 30 

minutes to 1 hour, then 0.5 µg/kg/hr for 1 to 3 hours and 0.3 µg/kg/hr 

thereafter. To our knowledge, this regimen has not been incorporated into 

subsequent clinical studies. The relative complexity of this regimen or a 

preference to reproduce existing clinical practice in research studies may 

have contributed to this.  

When contemplating loading doses and increasing target plasma 

concentrations of clonidine, dose-related adverse effects must be 

considered. The use of α2 agonists may induce hypotension and bradycardia 

by inhibiting cardiac and vascular sympathetic activities.(173) An important 

consideration is thus, how well tolerated clonidine infusions are in the 

general PICU population, especially at higher dosages. Fear of 

cardiovascular instability was attributed as a barrier to recruitment in the 

SLEEPS trial evaluating clonidine versus midazolam.(113) Recently, a cohort 
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study of 168 critically ill children evaluated haemodynamic safety in children 

who received a clonidine infusion as part of their sedation regimen.(173) The 

study aimed to determine the prevalence of bradycardia and hypotension in 

a mixed population of PICU patients with high disease severity during a 

clonidine infusion of up to 2 µg/kg/hr. Control patients were not included in 

the study and clonidine plasma concentrations were not measured. Clonidine 

infusions were administered at a median (IQR) maximal infusion rate of 0.7 

(0.3 - 1.5) for 2 days (1 - 6 days) with most (69%) patients receiving a 

loading bolus of 1- 2 µg/kg at the start of the infusion. Severe bradycardia 

and systolic hypotension occurred in 40% and more than 50% of included 

children, respectively. Younger age was the only significant risk factor for 

bradycardia. Despite these high prevalence rates of bradycardia and 

hypotension, haemodynamic stability did not appear to be compromised. 

Severe bradycardia was unrelated to hypotension, and vasoactive drug use 

decreased in parallel with increasing clonidine infusion rates. Compensatory 

mechanisms such as increased stroke volume with decreased heart rate and 

reduced afterload from decreased blood pressure are hypothesised to 

explain this maintenance of stability. Good haemodynamic tolerance was 

also reported in three previous studies of clonidine infusions in children 

under one year after heart surgery(159, 171, 174) and a study of clonidine 3 

µg/kg nasogastric boluses in children under two with respiratory failure(178). 

These findings suggest, unless patients are haemodynamically unstable, 

clonidine loading doses and infusions up to 2 µg/kg/hr are tolerated in the 

general PICU population.  

The results of the simulations of this study support the dosage 

regimens of the SLEEPs study [3 µg/kg loading dose followed by a 

continuous titrated infusion of 0-3 µg/kg/hr] and CloSed study for children 

older than a month [2 µg/kg loading dose followed by a continuous titrated 

infusion 1-2 µg/kg/hr]. Of note, in this study, the continuous infusion was 

fixed at the midway point of the infusion range and not titrated according to 

clinical response. Furthermore, the additionally permitted rescue boluses for 

insufficient sedation at the start of the CloSed regimen were not included in 

the simulation. Combining these predicted concentrations with the observed 
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haemodynamic safety data of the study by Kleiber et al.(173) supports an 

initial loading dose of 2 µg/kg (with intermittent rescue doses if insufficient 

sedation achieved) followed by a continuous infusion of 0-2 µg/kg/hr titrated 

according to sedation scores. 

Despite being an older drug in widespread clinical use, there is limited 

knowledge on optimal dosage regimens. This is the first study in the 

literature to simulate the various dosage regimens employed in previous 

randomised controlled trials alongside those used in clinical practice. A 

strength of this study is the inclusion of the demographics of children who 

received clonidine for the indication of sedation. The large population of 

almost seven hundred children should increase the generalisability of the 

study findings. A further strength of the study is the updated pharmacokinetic 

parameters incorporating maturation function, and this adds to the literature 

for clonidine in children. A potential limitation of the study is uncertainty 

relating to the target plasma concentration for clonidine to provide sedation 

alongside opioids in mechanically ventilated children. The target proposed in 

this study is partly informed by a study using BIS in adults. The extrapolation 

of BIS data to paediatrics where it is less well validated is a limitation of this 

study. This study was also a simulation and did not capture prospective data 

on clonidine plasma levels or associated sedation scores. Such studies 

would require regulatory approval, development and validation of a suitable 

clonidine bioassay and would likely be redundant considering a similar study 

has recently completed recruitment as part of the CloSed RCT.  As further 

pharmacokinetic-pharmacodynamic data from cohorts of adequately sedated 

children receiving clonidine (such as with the CloSed RCT) will aid 

clarification of target plasma concentrations and further confirm an optimal 

dosage regimen.  

Trials of efficacy have encountered recruitment difficulties and have 

employed heterogeneous dosing strategies. An evidence-based dosing 

regimen is a pre-requisite for further trial attempts. Beyond the research 

setting, clonidine dosage in practice should be founded on a solid evidence 

base. 
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5.5 Conclusions 

Off-label use of older drugs in paediatrics, such as clonidine, has meant a 

bypassing of traditional dose-determining clinical studies during drug 

development. This has led to clinicians employing heterogeneous dosage 

regimens without a supporting evidence-base. This is likely to contribute to 

the lack of efficacy data available from clinical studies to support the use of 

clonidine as a sedative in critically ill children. Simulations of clonidine 

plasma concentrations based on known population pharmacokinetic 

parameters suggest a loading dose followed by a continuous infusion is 

required to achieve adequate steady-state concentrations early in treatment. 

A limitation of this method, however, is the lack of clarity of the therapeutic 

clonidine plasma concentration. Further pharmacokinetic-pharmacodynamic 

studies will aid in the determination of the optimal clonidine dosage regimen.  
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6.1 Introduction 

Sedation is an integral part of therapy in the PICU to minimise patient 

discomfort. Sedation reduces the stress response, provides anxiolysis, 

improves tolerance to ventilator support, and facilitates co-operation with 

nursing care. Opioids and benzodiazepines are commonly utilised for their 

sedative effect. Unfortunately, these agents have adverse effects such as 

tolerance, dependence and cardiovascular depression. The α2 agonists 

present an alternative sedative class. Their alternative mechanism of action, 

avoidance of potential neurotoxicity, and manageable adverse effect profile 

make them attractive to clinicians. The older agent clonidine is now 

commonly used for sedation in European PICUs. Dexmedetomidine, a more 

selective α2 agonist, has also become more commonly prescribed in recent 

years after successful trials in adults. The arrival of both agents into 

paediatric practice preceded recent regulatory requirements for formal 

paediatric studies. Hence, the evidence base to guide the safe and effective 

use of these agents in children is limited. Therefore, the aim of this thesis 

was to inform the evidence-base regarding the use of α2 agonists as 

sedatives in paediatric critical care. In this chapter, the overall findings of this 

thesis are summarised, in the context of the broader literature in paediatric 

sedation. This is followed by a discussion of the strengths and limitations of 

this thesis as well as clinical and future research implications.  

6.2 Summary of findings 

The first objective of this thesis was to conduct a systematic review of 

previous studies on the efficacy of α2 agonists. The systematic review, 

described in Chapter 2, assessed the effect of α2 agonists (both clonidine 

and dexmedetomidine) on sedation outcomes as well as concomitant use of 

opioids and benzodiazepines. Three trials of clonidine (113, 126, 127) and 

three trials of dexmedetomidine (133-135) met the inclusion criteria for the 

review. Of the three clonidine trials, one placebo-controlled trial found 

adjunctive use of a clonidine infusion resulted in a significant decrease in 

fentanyl and midazolam use in a neonatal cohort although not in older 

cohorts.(126). A second trial was a pilot trial not designed for efficacy 
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outcome testing.(127) The third trial attempted encountered recruitment 

difficulties and protocol violations prohibiting efficacy conclusions being 

drawn.(113) The three dexmedetomidine trials were smaller than the 

clonidine trials and regarded as having a higher risk of bias. Two of the 

dexmedetomidine trials reported decreased concomitant opioid use in 

dexmedetomidine study groups (133, 135) and two of the three RCTs 

reported a shorter duration of ventilation in children who received 

dexmedetomidine(133, 134). Twelve observational studies of 

dexmedetomidine were also identified which were generally small and lacked 

appropriate matching techniques.  

 

Reviewing previous trials as a whole allowed the formation of 

recommendations for future research. Previous studies of α2 agonists have 

focused on outcomes such as concomitant medication use and the length of 

mechanical ventilation. They have mostly not used time at a sedation target 

as their primary outcome despite this being the most clinically meaningful 

outcome to research. RCT feasibility has also arisen as an issue with studies 

struggling to consent participants and difficulties seen in following rigid trial 

protocols. These difficulties mean that non-interventional studies using data 

acquired for clinical care and incorporating sedation score based outcomes 

need to be undertaken to provide an alternative source of evidence of 

sedative effectiveness.  

 

Given the lack of studies that have used a validated sedation scoring tool to 

determine sedation outcomes, there is little information on sedation 

outcomes in routine clinical practice. Hence, the second objective of this 

thesis was to establish current sedation outcomes, including sedation failure 

rates as well as characterising difficult to sedate children. The descriptive 

study, contained in Chapter 3, used the validated sedation scoring tool, the 

COMFORT Behaviour Scale (CS) to determine the proportion of 

mechanically ventilated children who met the definition of sedation failure 

(<80% of time adequately sedated).  
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About three-quarters of included children had less than 80% of the time at 

target sedation. Oversedation was more common than undersedation, and 

about half of the included children required the addition of a midazolam 

infusion for sedation. Neonates were most likely to be oversedated, while 

males and those recovering from surgery were most likely to be 

undersedated. The results for the first time described sedation outcomes in 

an Irish cohort of mechanically ventilated children and highlighted the need 

for better sedation outcomes in critical care. High compliance with CS 

scoring was observed. The high compliance with scoring, outside of trial 

conditions, indicated the CS was suitable to be used in a comparative 

effectiveness study. 

 

The findings from the systematic review, combined with the results of the 

descriptive study) informed the design of the next objective of the thesis: a 

sedative comparative effectiveness study (described in Chapter 4). This 

study compared sedation outcomes of those who received α2 agonists while 

mechanically ventilated at Ireland’s two PICUs over a 30-month study period 

to unexposed children. Those exposed to an α2 agonist had a higher time 

adequately sedated versus the unexposed group. This was observed in 

clonidine-treated children and not in children treated with dexmedetomidine. 

Opioid and benzodiazepine sparing effects reported in a previous clonidine 

RCT were not observed. The results suggest clonidine is a useful 

supplemental agent in sedation regimens; however, the hypothesised opioid-

sparing effects were not seen at the doses used in Irish PICUs. 

 

The systematic review described a variety of dosage regimens for clonidine 

as a sedative. As described in the introduction of this thesis, off-label use of 

clonidine bypassed the traditional drug development pathway along with the 

associated dose-finding studies. While the comparative effectiveness study 

in Chapter 4 suggests some benefit to clonidine use, an opioid or 

benzodiazepine sparing effect was not observed. The clonidine dosages 

used in Irish PICUs appear lower than those used in previous research 

studies.(113, 126, 127, 163) This suggests clinicians may be underdosing 
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clonidine in Irish PICUs. Leading on from this, the final study of the thesis 

was a pharmacokinetic simulation to examine predicted clonidine plasma 

concentrations attained by a variety of dosage regimens.   

 

This pharmacokinetic simulation study reported in Chapter 5 found the 

dosages of clonidine used in Irish PICUs are unlikely to maintain sufficiently 

high plasma concentrations for a full therapeutic effect. Continuous infusions 

rather than bolus dosages of clonidine are more likely to attain target plasma 

concentrations. Additionally, given the long half-life of clonidine, loading 

doses are required to attain target plasma concentrations early in treatment. 

Recommendations on dosage regimens are suggested for clinical use and 

further research studies of clonidine. 

6.3 Findings in the context of previous literature 

The four studies described in this thesis expand on the limited literature 

exploring the efficacy of α2 agonists in paediatric critical care sedation. A 

Cochrane review of α2 agonists for sedation did not include any paediatric 

studies.(115) A recent second Cochrane review of clonidine for analgesia 

and sedation in neonates included just the neonatal patients of the Hunseler 

RCT that were also included in the systematic review in Chapter 2.(184) This 

Cochrane review focused on the outcome of all-cause mortality during 

hospitalisation and found insufficient evidence to support the safety or 

efficacy of clonidine in neonates. Other systematic reviews have also only 

included adult patients (114, 185) The systematic review described in 

Chapter 2 is the first such review of the efficacy of α2 agonists for the 

indication of sedation in paediatric critical care. The review reports the 

efficacy of clonidine as an opioid-sparing effect in neonates, although not in 

older cohorts. This lack of efficacy in older cohorts may be due to sub-

optimal dosing. Since the systematic review was conducted, a further trial of 

clonidine has been attempted. The multi-site European CloSed study of 

clonidine versus midazolam aimed to assess the occurrence of sedation 

failure in the two groups.(163) Again, significant recruitment barriers have 
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occurred, and the study has now been repurposed as a PK-PD study and not 

a study to assess the efficacy of clonidine.  

 

The systematic review also found evidence to support dexmedetomidine use 

is limited, based only on three small-scale included RCTs. Despite the limited 

paediatric evidence base, the use of dexmedetomidine has become 

increasingly popular worldwide. The infiltration of dexmedetomidine use into 

paediatric sedation practice is likely to have arisen from positive findings in 

adult trials. A systematic review of dexmedetomidine versus midazolam as a 

sedative in critically ill adults included the results of six trials.(186) The three 

largest included trials found dexmedetomidine to be as effective as 

midazolam at maintaining time at sedation target level using validated 

sedation scales.(129, 164, 187) Dexmedetomidine has also been found to be 

an effective alternative to propofol infusions, conferring non-inferior time at 

target sedation alongside shorter time to extubation.(131)  

 

There have been several comparative observational studies of 

dexmedetomidine in paediatrics published in recent years, while no similar 

clonidine observational studies were identified.(118, 137-140, 142-147) The 

observational studies to date have mostly been small in size, have had 

limited matching of controls and not included sedation based outcomes. The 

descriptive study contained in Chapter 3 allowed the planning for a large-

scale comparative effectiveness observational study of α2 agonists. The 

outcome designs of the adult dexmedetomidine trials were adapted for the 

paediatric setting for the first time. 

 

The adult dexmedetomidine RCTs have typically used sedation scoring two 

hourly and before dose escalations. CS scoring gathered in routine care in 

an Irish PICU occurs at a median interval of every 3.18 (IQR 2.68 - 3.65) 

hours. In the comparative effectiveness study described in Chapter 4, the α2 

agonist exposed group were adequately sedated for 74% (95% CI 72-75%) 

of the study time compared to 70% (95% CI 67-72%) for the unexposed 

group. This corresponds to a ratio of 1.06 (95% CI 1.02 – 1.10). In the 
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dexmedetomidine versus midazolam adult trial, the corresponding ratio was 

1.07 (95% CI 0.97- 1.18). The SLEEPs trial of clonidine, which encountered 

significant recruitment difficulties, incorporated a COMFORT Score based 

sedation outcome. In the results of the included patients, the clonidine group 

were also recorded as having 74% (95% CI 55-84%) of time adequately 

sedated. While the populations and sedation regimens vary across these 

studies, the comparability of results does highlight observational studies in 

the PICU can complement RCT data or provide an alternative in the absence 

of RCT feasibility.  

 

The most promising efficacy results for clonidine to date arose from the multi-

site RCT performed by Hunseler and colleagues.(126) Comparing adjunct 

clonidine in a placebo-controlled trial led to a significant decrease (>30%) of 

concomitant fentanyl and midazolam use in neonates. This decrease was not 

observed in older age bands. Two small dexmedetomidine trials reported 

decreased opioid use in adolescents post scoliosis surgery(133) and in an 

unblinded study group of ten infants versus a midazolam group(135). Within 

the comparative effectiveness study described in Chapter 5, an opioid-

sparing effect was not observed in children who received clonidine or 

dexmedetomidine. The dexmedetomidine cohort was small, and thus, 

conclusions are difficult to draw. However, the clonidine group was the 

largest studied cohort to date. 

 

An intricacy of clonidine use identified within the systematic review and 

discussed in the broader literature (150, 180) is the uncertainty of the optimal 

dosage of clonidine. With scarce literature attesting to clonidine efficacy, 

dosages ranging from 1 µg/kg 8 hourly to infusions of 3 µg/kg/hr have been 

reported, further complicating research endeavours. Using previously 

published pharmacokinetic parameters for clonidine, updated for the first 

time to include a sigmoidal postmenstrual age function; various plasma 

clonidine dosage regimens were simulated. Assuming a target plasma 

clonidine concentration of 2 µg/L, many studies, including the comparative 

effectiveness study described in Chapter 4, are likely to be underdosing 
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clonidine. The recent trial attempt in the CloSed study, which has now ended 

recruitment had the most plausible dosage regimen though this study will not 

have efficacy results due to low numbers recruited.(163) Nevertheless, the 

associated PK PD data from included children will further elucidate optimal 

clonidine dosage. This PK PD data may guide future clinical guidelines and 

further research attempts.  

6.4 Strengths and limitations 

This thesis describes four different, although linked studies aimed at 

progressing the evidence-base regarding the use of α2 agonists in paediatric 

critical care sedation. This section explores the key strengths and limitations 

of the results of the studies described in the previous chapters.  

 

Within this thesis, the systematic review was the first systematic review to 

explore the efficacy of α2 agonists as sedatives in paediatric critical care. 

This study provided up-to-date evidence on previous RCTs of both clonidine 

and dexmedetomidine. The review highlighted the lack of consistent 

evidence to support their routine use within the PICU. The review also 

highlighted key focus areas for future research. These areas included the 

need for validated sedation score-based outcomes to be incorporated into 

paediatric studies. The review also highlighted the disparity of dosage 

regimens used for clonidine in previous studies and additionally highlighted 

challenges of conducting interventional research studies in the area. 

 

A strength of the observational studies is that they build on the research 

gaps identified from the systematic review. The descriptive study, for the first 

time in an observational study, quantifies sedation outcomes in an Irish 

cohort of mechanically ventilated children using a validated sedation-scoring 

tool. The study also informed the design of the subsequent comparative 

effectiveness study, ensuring the feasibility of study size and outcome 

selection.   
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While inclusion of a sedation-score based primary outcome for the research 

is a strength of the observational research, there are limitations with the use 

of sedation scores. The COMFORT Behaviour score scale has been 

validated in the PICU for assessing sedation paired with nurse’s expert 

opinion of sedation level.(34) This validation study however only included 78 

children with 843 paired observations. While this study is small and from a 

single site, other studies have also shown the validity of the CS in distinct 

populations.(93-95) It also shows moderate correlation with an objective 

measure of sedation level, the BIS.(188) While other outcomes such as 

length of ventilation and length of PICU stay may appear more objective, 

they are arguably less clinically relevant for sedation success determination 

and are influenced by factors such as decisions on extubation readiness and 

availability of other hospital beds. 

 

Scoring is also unblinded and nursing staff are aware what sedatives 

patients are receiving. Individual nurse biases and perceptions of sedative 

choice effectiveness may influence scoring. As the conducted observational 

research was retrospective in nature, nurses were not aware of planned use 

of the clinical data for research purposes. The patients were also receiving 

multiple analgesic and sedative agent, which further decreases the likelihood 

of nurses attributing clinical benefit to a single sedative agent. An ideal study 

design would use blinded assessors to minimise the risks of subjective 

scoring. 

 

A strength of the comparative effectiveness study is it is the largest cohort 

study evaluating α2 agonist use in paediatric critical care sedation to date. It 

is the first study to evaluate both agents side by side. It further builds on the 

research gaps identified in the systematic review. The comparative 

effectiveness study also adapts the well-regarded outcome design of the 

adult dexmedetomidine trials into the paediatric setting for the first time. This 

outcome choice ensures that achieving effective sedation was a pre-requisite 

before further evaluating additional benefits such as concomitant opioid and 
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benzodiazepine use. Previous observational studies had not incorporated a 

sedation based primary outcome.  

 

The final study, the PK simulation study was comprehensive in its inclusion 

of a variety of clonidine dosage regimens, identified from the systematic 

review and local practices. Building upon, and updating the previously 

published model of clonidine clearance, the projected clonidine plasma 

profiles were plotted. This study also includes updated evidence-based 

dosage recommendations for clonidine to assist clinical practice and future 

research design. 

 

As described in the introduction, researching paediatric critical care is 

challenging. When interpreting the findings of this thesis, the limitations 

described here should be considered. The systematic review contains a 

small number of studies. A meta-analysis was not possible given the 

heterogeneity of study populations and study outcomes reported. Most 

included studies were small, with several factors impacting the risk of bias in 

reported outcomes. These include inadequate power, protocol violations, 

undefined dosage regimen justifications and a lack of blinding across 

studies.  

 

Two of the included studies within this thesis were retrospective 

observational studies which have a higher risk of missing data than 

prospective studies. However, the close clinical monitoring in the PICU 

environment, the presence of an electronic healthcare record and the short 

follow-up period minimised the potential impact of missing data, for example, 

undocumented sedation scores. The descriptive study also showed that 

compliance with protocolised sedation assessments was high. Sedation 

scoring can be subjective even with the use of validated scales. A 

prospective observational design would, however, potentially be less suitable 

for the comparative effectiveness study. This is because being aware of an 

ongoing study design may introduce assessor bias in favour of a preferred 

treatment. In the study design chosen here, all of the outcome data were 
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recorded before the study was conceived, so assessor blinding was not 

required.  

 

A further risk of retrospective observational studies is the potential for ‘data 

mining’, analysing the gathered data by multiple analysis plans until a 

significant result is observed. The analysis plan for the comparative 

effectiveness study was finalised and published in advance of the data 

collection, in order to provide transparency and to minimise these risks.  

However, observational studies do also have other limitations. Spurious or 

overestimated treatment effects may be identified due to bias or 

confounding, which would likely be eliminated in a well-conducted RCT. 

Confounding and bias are the main threats to observational cohort studies. 

The design of the comparative effectiveness observational study took two 

approaches to deal with potential confounding. The aim was to identify all 

relevant, measurable covariates that one would anticipate to be balanced 

across treatment groups in a randomised study. Firstly, a literature approach 

was taken, trials and observational studies of clonidine and 

dexmedetomidine identified during the systematic review were examined, 

and variables listed in the baseline comparability of treatment group tables 

were extracted to compose a comprehensive list of covariates for 

consideration as potential confounders. Secondly, clinical staff reviewed the 

proposed covariates to be captured and suggested amendments based on 

their perspectives. This led to an a priori list of relevant covariates that were 

included in subsequent matching procedures.   

 

After the potential confounders were identified, they were incorporated into 

the statistical analysis plan. The comparative effectiveness study utilised 

propensity score matching to recreate randomisation of exposure groups. 

The propensity score is defined as a patient’s probability of receiving a 

specific treatment conditional on the observed covariate. Rosenbaum and 

Rubin demonstrated that conditioning on the propensity score allows 

obtaining unbiased estimates of the treatment effect.(188) Studies using 

propensity score are increasingly being reported in the literature in the 
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clinical areas of anaesthesiology and intensive care.(165, 176) Satisfactory 

matching was achieved using propensity score matching in the comparative 

effectiveness study, minimising the effects of confounding by indication on 

the interpretation of study results. The lower number of patients in the 

unexposed to treatment group is an additional limitation. As unexposed 

patients served as matches multiple times for exposed patients there is a risk 

that outlier patients may be overrepresented and interfere with outcome 

interpretation. This may have contributed to the longer length of mechanical 

ventilation and PICU stay in the exposed group. It is worth considering that if 

this bias is present, the direction of effect would be to underestimate the 

effectiveness of α2 agonists. Attempts to minimise this bias were performed 

by reviewing for inclusion those with extreme values in each identified co-

variant and to ensure their characteristics were generalizable to the PICU 

population. 

 

While a strength of the study design was the inclusion of a second site, and 

thus, all of Ireland’s hospital PICU patient population, most of the data came 

from the OLCHC site. This is a larger PICU with fully electronic healthcare 

records that greatly facilitated the research study. The TSCUH site has a 

smaller PICU with some paper-based components of the medication record. 

This meant sampling of the study period had to be employed, and a smaller 

cohort included from this site. TSCUH was of interest as it had a higher use 

of dexmedetomidine in mechanically ventilated children. While a 

dexmedetomidine sub-group analysis was conducted, it was smaller than 

anticipated. More children who received dexmedetomidine met the study 

exclusion criteria than anticipated. Consequently, it is difficult to draw 

conclusions from the dexmedetomidine cohort alone.    

 

Having most of the included children from one site can also threaten the 

generalisability of the study findings. The PICU population is heterogeneous, 

and an ideal study would focus on a narrower population to study treatment 

effects. However, the inclusion criteria were intentionally broad to represent 

the clinical spectrum in which the α2 agonists are used. The similar sedation 
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protocols in both sites also permitted pooling of the data. A further limitation 

to the study design was the exclusion of safety outcomes and the occurrence 

of complications such as delirium and withdrawal. These outcomes were 

considered outside the scope of the study question, and the data would be 

more suitably collected prospectively. 

 

A limitation of the included PK simulation study is the uncertainty around 

optimal target plasma clonidine concentration. The threshold of 2 µg/L 

chosen is explored and justified within Chapter 5, however, consistent with 

the lack of efficacy data associated with clonidine, and since plasma levels 

were not reported in the only trial that reported efficacy, this level may be 

inaccurate. As further PK-PD studies are published, this target level and 

subsequent dosage regimens may need to be updated.   

6.5 Considering the impact of this thesis 

This thesis includes the first systematic review of the efficacy of α2 agonists 

in paediatric critical care sedation, alongside observational research to 

evaluate the effectiveness of the sedatives using real-world data and a novel 

pharmacokinetic simulation study. The impact of this thesis is discussed 

under clinical and research impact. 

 

Clinical Implications 

The most recent published consensus guidelines on sedation and analgesia 

in critically ill children were published in 2006.(43) Within these guidelines, 

clonidine usage (as an alternative sedative to midazolam) was based on the 

lowest possible grade of evidence. This evidence was based on either non-

analytic studies (for example case reports/case series) or expert opinion. 

While results supporting clonidine efficacy have not been consistently shown, 

the evidence from the systematic review and the effectiveness study in this 

thesis provide a higher grade of recommendation. Findings emerging from 

these studies also highlight the importance of dosage of clonidine as a 

potential determining factor of efficacy. The 2006 guidelines recommend 

clonidine dosages as an intravenous infusion of 0.1- 2 µg/kg/hr or 
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nasogastric boluses from 1-5 µg/kg eight hourly. These wide dosage ranges 

reflect the lack of clonidine dosage studies at the time. Chapter 5 of this 

thesis progresses our understanding of clonidine dosage. Loading doses 

followed by a continuous infusion regimen are now understood to be required 

to attain adequate early and sustained clonidine plasma concentrations.  

 

The usage of dexmedetomidine is not addressed in the 2006 guidelines 

reflecting its more recent introduction into PICUs. As the prevalence of 

dexmedetomidine prescribing increases, updated guidelines will likely 

recommend dexmedetomidine, like clonidine, as an alternative sedative to 

midazolam.  

 

The trials included in the systematic review did report positive results for 

dexmedetomidine. However, as previously outlined in Chapter 2, the RCTs 

were likely to be underpowered for the detection of the specified outcomes. 

Lack of clarity in the randomisation and blinding methods were also 

identified, introducing risks of bias, which may overestimate the treatment 

effect of dexmedetomidine. The effectiveness study in this thesis did not 

support dexmedetomidine use, although the included number of patients was 

small.  

 

Despite their similar mode of action, the evidence base for clonidine and 

dexmedetomidine suggests a divergence in their respective roles in therapy. 

Studies of clonidine (both the trials described in the systematic review and 

the current practice described in the effectiveness study) employ clonidine as 

a routine sedative added to maintain adequate sedation while sparing 

exposure to other agents such as opioids and benzodiazepines. The onset of 

tolerance with continuous use and theoretical neurotoxicity concerns 

following prolonged exposure makes the addition of a non-benzodiazepine 

adjunct attractive. Clonidine is thus, likely to be most useful, as a rescue 

sedative after opioids and midazolam prove insufficient or of limited 

tolerability.  
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The studies to date of dexmedetomidine have suggested a different role in 

therapy. The three trials of dexmedetomidine included in the systematic 

review all employed dexmedetomidine as first-line therapy and trialled 

against an opioid or benzodiazepine. With this role, dexmedetomidine may 

shorten the duration of mechanical ventilation and number of rescue sedative 

dosages. The shorter half-life of dexmedetomidine contrasted to clonidine 

may explain these favourable results. In contrast to clonidine, 

dexmedetomidine added in as an adjunct agent to children already receiving 

opioids and benzodiazepines in the PICU has not shown any benefit to date. 

The included dexmedetomidine cohort in the effectiveness study did not 

have comparable time adequately sedated or use less opioids or 

benzodiazepines. These results replicate the findings of Grant and 

colleagues.(168) Their cohort study of dexmedetomidine found it useful as a 

primary sedative in less sick patients but similar to the effectiveness study 

described in this thesis, of no benefit as a secondary adjunct sedative agent 

in sicker patients. 

 

The PICU population is heterogeneous, of mixed patient type, age and 

severity of illness. Interventional studies showing unequivocal benefits of one 

well-defined sedation regimen over another are unlikely to materialise in this 

setting. The result of this lack of definitive evidence will be that a variety of 

sedative regimen options and adjuncts, supported by lower grade evidence, 

continue to be employed. Rather than one well-established sedative regimen 

for the PICU patient, there will continue to be a ‘jigsaw’ of sedative options 

available, tailored for each patient. The α2 agonists will remain as one of 

these jigsaw pieces. Further studies, including dosage optimising studies, 

studies within more homogenous populations, and prospective interventional 

studies over the coming years will likely further optimise the use of α2 

agonists in paediatric critical care sedation.  

 

On the basis of the evidence currently available for the α2 agonists, two 

different roles in sedation are recommended for clonidine and 

dexmedetomidine. Clonidine is a useful agent at reducing exposure to 
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opioids and benzodiazepines in the face of escalating dosages. Further 

optimising of its dosage regimen will strengthen this role. 

 

The shorter-acting dexmedetomidine serves as alternative purpose. Unlike 

clonidine, it does not appear beneficial as an add-on sedative in difficult to 

sedate patients. Instead, dexmedetomidine is most useful as a primary 

sedative agent in low disease severity mechanically ventilated patients with a 

concomitant opioid for analgesia. It is additionally useful for facilitating early 

extubation post-operatively.  

 

Research Implications 

The conduct and results of the studies included in this thesis have several 

significant research implications. The thesis has contributed to the growing 

literature investigating the role of α2 agonists in paediatric critical care 

sedation. To date, this thesis has resulted in two peer-reviewed publications, 

two published abstracts, with a further publication under review and a final 

publication in preparation. Findings have been disseminated at international 

conferences. Published results will be available for inclusion in future 

guideline updates both locally and internationally.  

 

On a broader level, the observational research has shown the combination of 

an electronic healthcare record, validated sedation scoring systems with high 

compliance and effective data retrieval methods can facilitate the conduct of 

pharmacoepidemiological studies within the PICU. Observational research 

such as cohort studies and case-control studies offer advantages over other 

research modalities in the PICU. Included patients can be more 

representative of the target population of use of a medication, and there is no 

self-selection, which may occur in trials. Clinicians are not bound by rigid 

protocols and treatment allocation and treat according to usual practice, 

removing the barriers of uncertainty and fear of the unknown, which can 

hinder the consent process. Without the need for the intense recruitment and 

follow-up procedures of trials, data from larger populations are more easily 

attainable, giving more power to detect rarer outcomes. By using clinical data 
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routinely gathered, for example, within the PICU environment, large-scale 

observational studies become possible with limited resources. This study has 

established the Irish PICUs as a reliable source of quality data to contribute 

to future pharmacoepidemiological studies.  

 

An important research implication of this thesis is the potential barrier to 

performing future similar studies following the introduction of the General 

Data Protection Regulation (GDPR).(189) The General Data Protection 

Regulation (GDPR) 2016/679 is an EU regulation that was signed into force 

on 25h of May 2018 and relates to data protection and privacy for all 

individuals within the EU and the European Economic Area (EEA). GDPR 

aims to increase transparency and accountability in the use of personal data. 

Each European country is permitted to amend the regulation to suit local 

regulatory requirements. In Ireland, the Health Research Regulations 2018 

gives effect to GDPR and the Data Protection Act 2018 in the context of 

health research specifically. The Data Protection Act establishes the Data 

Protection Commission as the State's data protection authority with the 

means to supervise and enforce the protection standards enshrined in the 

GDPR (2016/679). The Health Research Regulations 2018 came into effect 

during the analysis stage of the comparative effectiveness study in this 

thesis. However, a period of transition (up until 30 April 2019) to allow for 

current health research projects that commenced before 7 August 2018 was 

permitted to become GDPR compliant. This extension was intended to allow 

those researchers to reach the consent standard laid down by the GDPR or 

else to obtain a consent declaration where it can be demonstrated that this 

consent standard cannot be achieved. 

 

There have been concerns GDPR may significantly affect epidemiological 

research due to the rigorous demands for explicit consent of the data subject 

for the use of his or her personal data in research studies.(190, 191) 

Retrospective observational research was traditionally granted a waiver for 

the requirement of consent if suitable pseudonymization procedures were 

followed. Ethical approval to conduct the observational research in this thesis 
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was obtained in May 2014, before the introduction of GDPR. As gathered 

data did not influence treatment decisions and data protection safeguards 

were in place, a waiver of informed consent to extract and code the personal 

data was sought and granted at both hospitals. 

 

It remains possible to apply for a waiver of explicit consent to the Health 

Research Consent Committee established in the Health Research 

Regulations 2018. A researcher, having completed a data protection impact 

assessment, may apply for a declaration that explicit consent is not required 

if the public interest of the research significantly outweighs the public interest 

in requiring the explicit consent of the individual whose data is being 

processed. Research without formal consent is permitted only “in the public 

interest” although this public interest has not been formally defined. How 

forthcoming these waivers will be remains to be tested, at the time of 

completion of this thesis. Pharmacoepidemiological studies of significant 

scale, such as those within this thesis would present a significant challenge 

to obtaining explicit consent. They may not be feasible following the 

introduction of GDPR without the granting of a waiver of consent.  

 

During the data extraction process, the records of over 2000 admissions 

were screened. A data manager employed at both sites with lawful access to 

the data coded the data, and no data contacting unique identifiers left the 

study hospitals. Only coded data left the hospital sites for analysis. As the 

details of GDPR requirements became clear, the data were returned to the 

hospital sites. The researchers hence had no personal data in their 

possession once the transition period to GDPR compliance had ended.  

6.6 Future studies 

The thesis and associated outputs set out a blueprint of recommendations 

for future research in the area of α2 agonist use. These recommendations 

may guide and enhance feasibility of future research within the area. 

Prospective randomised interventional studies are the gold standard for 

evaluation of the efficacy of sedatives. European colleagues have already 
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engaged with the investigators in planning for future studies of clonidine and 

dexmedetomidine. The studies included in this thesis will inform the design of 

interventional study attempts.  

 

The introduction to this thesis outlines the unique challenges to conducting 

interventional research in the PICU environment. Difficulties in timely 

consent, reluctance to approach stressed parents and limited resource 

infrastructure have undermined previous RCT attempts. In the face of these 

challenges, research questions should be prioritised to maximise benefit to 

patients.  

 

Firstly, in line with the Core Outcome Measures in Effectiveness Trials 

(COMET) initiative, a set of core outcomes for sedative effectiveness studies 

should be developed.(192) Through clinical, methodological and patient 

stakeholder involvement consensus can be achieved on defining outcomes 

that matter to practioners, patients and policy makers. Secondly, PK-PD 

studies are smaller and cheaper to conduct than definitive RCTs and robust 

PK-PD information for clonidine and dexmedetomidine should be a pre-

requisite to ensure adequate dosing is implemented within future efficacy 

studies.  

 

Where further RCTs are attempted, efforts should be made to widen 

inclusion/exclusion criteria and incorporate sedation protocols as closely 

mirroring current clinical practice as possible to encourage study recruitment. 

RCTs could also be planned for elective PICU admissions (for example, in 

post elective cardiac surgery populations). This would allow the informed 

consent process to occur outside of the PICU setting when consent for 

surgery is taken.  

  

As an alternative to RCTs, and in settings where an α2 agonist has been 

introduced into a sedation protocol, there is an opportunity to evaluate the 

impact of α2 agonist introduction on sedation outcomes using before/after 

study designs. These would be more feasible to conduct.  
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The conduct of studies such as those included in this thesis establishes the 

potential for Irish children to contribute to future similar investigations. There 

are specific further potential studies that arise from the studies included in 

this thesis. One of the limitations of the comparative effectiveness study was 

the relatively low number of included unexposed patients and predominance 

of OLCHC patients within the study. Future collaborative studies across 

similar European sites may be feasible to replicate and build upon the 

original study design with more unexposed patients and with a narrower 

range of primary diagnoses. There is the potential for the combination of 

datasets across different study populations. If for these populations, RCTs 

are not feasible, clinically acquired data on outcomes could be pooled across 

PICUs in Europe. This would enable adequately powered studies to address 

challenging clinical questions with more precise estimates of treatment 

effects. It would also allow the conduct of studies in more defined patient 

sub-groups within the PICU reducing the variability associated with studying 

such a heterogeneous population. Larger patient populations would also 

facilitate head-to-head comparisons for effectiveness and cost-effectiveness 

of the use of clonidine versus dexmedetomidine in the PICU population: a 

further unanswered research question. As described in the comparative 

effectiveness study, the observational research study did not focus on 

haemodynamic safety outcomes with or without α2 agonists. Prospective 

studies could also evaluate safety outcomes, alongside incidences of 

sedation complications such as delirium and iatrogenic withdrawal amongst 

included children.  

 

From a regulatory perspective, these type of observational research studies 

are insufficient to grant paediatric licenses. EMA initiatives aimed at 

increasing paediatric information available on newly adult licensed 

medications have had moderate success. However, the majority of PICU 

medication use is with older off-patent medications. The PUMA scheme 

designated to increase the number of paediatric formulations of these older 

medications has had only very limited uptake (five newly licensed 

medications). Further regulatory initiatives are warranted. A less bureaucratic 



Discussion Chapter 6 

 

177 

 

regulatory burden for the conduct of interventional studies where a 

medication has an established use and safety profile would facilitate RCT 

conduct. Currently, a decades old medication like clonidine is treated in the 

same manner as an investigational new therapy with regards to regulatory 

approval and RCT conduct. Consideration should be given to reduced 

pharmacovigilance requirements and delayed or waivers of informed consent 

where older established medications are used in the context of an 

established clinical equipoise. If interventional studies continue to be poorly 

feasible, extrapolated efficacy data from adult studies combined with 

paediatric PK-PD data and the availability of a paediatric formulation may 

represent the best compromise.  

 

6.7 Conclusions 

The α2 agonists, clonidine and dexmedetomidine, preceded modern 

paediatric regulatory studies to determine their efficacy and safety profiles in 

children. This thesis adds to the growing body of evidence investigating their 

role as sedatives in paediatric critical care. The principal findings from this 

thesis suggest that current sedation practices are sub-optimal. Interventional 

studies evaluating the α2 agonists have provided, with limitations, some 

evidence for the benefit of the use of both clonidine and dexmedetomidine. 

Clonidine appears to be of benefit in reducing overall exposure to opioids 

and benzodiazepines in the PICU, although clonidine has not been evaluated 

at optimal dosage. Dexmedetomidine may have a role as a first line sedative 

in less complicated children facilitating shorter time to extubation, although 

this has not been demonstrated in large-scale studies. The PICU 

environment has demonstrated the capacity to facilitate the provision of 

pharmacoepidemiological evidence to support medication use in an under-

researched population.  
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Guidelines for analgesia and sedation in post-operative neonates and 

children in PICU 

 

Authors: PICU Pain & Sedation group 

Contact:  

 

Effective from: Jun 2011 

 

Introduction 

In PICU, our aim is to keep children pain-free, in as much as is possible, 

while minimising side effects and sequelae from excessive doses of opioids, 

for example, oversedation, dependence, constipation.   

Adequate sedation is desirable in many patients in PICU in order to prevent 

ETT displacement, control of labile blood pressure, etc.  Through the use of 

a validated scoring system (COMFORT score, VAS) and these guidelines, 

we hope to achieve adequate sedation while avoiding the risks of under or 

over-sedation. 

 

When assessing a child, other reasons for agitation should be considered, 

such as low cardiac output or mechanical airway obstruction.  General 

comfort measures should be considered, for example, parental comfort, 

soother.  Children with increased agitation or those who have a sudden 

deterioration in their COMFORT score should be assessed for underlying 

clinical or haemodynamic problems, in addition to reviewing their sedation 

requirements. 

 

An Important Step 

On returning from Theatre, the anaesthetist /intensivist should indicate what 

level of sedation is appropriate for the child i.e. 

- aim to extubate within 12-36 hours 

- aim to extubate within 2-3 days 
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- likely to be intubated for a number of day, e.g. open sternum 

- must be kept “flat” for the first few days post-op, long stay in PICU 

anticipated 

This will guide the management of pain and sedation in the patient. 

 

A patient returning from theatre (ventilated) should be prescribed: 
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 COMFORT score & VAS performed 2 hours after return from OT 

Morphine infusion: 

If the patient has not been loaded in Theatre, a loading dose should first be given before 

infusion is commenced.  This should be prescribed as a STAT dose on the front of the 

kardex and given by a doctor. 

Neonates:   Loading dose 50microgram/kg;  Morphine infusion 0 – 

20microgram/kg/hr  

Child >28days old:  Loading dose 100microgram/kg; Morphine infusion 0 –

40microgram/kg/hr  

Patient >40kg : Loading dose 1-2mg;        Morphine infusion 0 - 2mg/hr  

 

PLUS 

 

Morphine IV bolus hourly prn on the drug kardex 

Neonate: 5-20microgram/kg  } Calculate the exact dose – this is the 

figure that 

Child > 28 days old: 20 – 40microgram/kg  } should be prescribed. 

Patient > 40kg: 1-2mg IV prn 

 

PLUS 

 

Paracetamol administered regularly, unless contra-indicated (e.g raised LFTs); IV 

paracetamol should be used for the first 2 doses and then changed to PO/PR, if 

appropriate.   

Doses:  For children <10kg, 7.5mg/kg every 6hours 

 For children ≥10kg, 15mg/kg every 6 hours (max adult dose 4g QDS) 

 

PLUS 

 

Ibuprofen rectal / Diclofenac rectal regularly, unless contra-indicated  

i.e.. urine output<1ml/kg/hour, 

raised serum urea / creatinine, 

anti-coagulated on therapeutic doses of heparin, tinzaparin, or warfarin 

presence of a coagulopathy, 

chest drain output >2ml/kg/hour 

gastritis 

Children 6-8kg and >3/12 old: Ibuprofen 60mg PR every 6-8hours 
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COMFORT SCORE & VAS 2hrs after adjustment of therapy, or 1 hour after 

a bolus 

 

 

 

 

 

 

 

 

 

 

 

COMFORT SCORE & VAS 2hrs after adjustment of therapy 

 

 

 

 

 

 

 

 

 

COMFORT Score 

<10, (patient over-

sedated) wean 

morphine by at least 

25% 

COMFORT 

score 12-17, 

remain on same 

dose or consider 

weaning 

COMFORT score 

>17, VAS >4 (patient 

in pain) give bolus of 

morphine.  May be 

repeated in 30min if 

still in pain 

COMFORT >17, VAS< 4 

(inadequate sedation) 

consider midazolam bolus; 

may rpt once before 

progressing to next step  

COMFORT Score 

<10, (patient over-

sedated) wean 

morphine by 25% 

of original dose 

COMFORT score 

12-17, remain on 

same dose or 

consider weaning 

COMFORT score 

>17, VAS >4 (patient 

in pain) give bolus of 

morphine, consider 

increasing infusion 

rate by 20% 

COMFORT >17, VAS< 4 

(inadequate sedation) 

consider midazolam 

infusion.  Use minimum 

effective dose to keep 

COMFORT score <17 

COMFORT Score 

<10, (patient 

over-sedated) 

Stop morphine 

infusion, Call 

consultant or SpR 

anaesthetist/ 

intensivist 

COMFORT score 

12-17,  

Wean morphine 

gradually towards 

off, as tolerated and 

as indicated, with 

aim towards 

extubation 

Keep COMFORT 

score 12 - 17 

COMFORT score 

>17, VAS >4, 

(patient in pain) 

add clonidine 

intermittent /bolus 

dosing 

COMFORT >17, VAS< 

4 (inadequate 

sedation) consider 

clonidine intermittent 

dosing 
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COMFORT SCORE & VAS 2hrs after adjustment of therapy 

       

 

       

 

 

 

 

COMFORT SCORE & VAS 2-4hrs after adjustment of therapy 

 

 

 

 

 

 

Frequency of scoring 

Continue to assess COMFORT score and VAS every 2-4 hours, depending 

on how well the patient’s analgesia and sedation have been achieved.  While 

the healthcare team are working towards achieving adequate analgesia and 

sedation, the nurse should perform the COMFORT and VAS scores at least 

every 2 hours.  If the patient is being actively weaned, these scores should 

be performed every 2 hours. 

Outside of these two phases (e.g. stable phase, no adjustments in therapy 

required), scoring should be performed every 4 hours. 

 

 

Muscle Relaxation 

Paralysing agents, e.g. pancuronium, vecuronium, atracurium, etc. should be 

avoided as much as possible.  If their use is justified, such as in a patient 

that is very difficult to ventilate, it is very important that the patient is firstly 

sedated fully.  Neuromuscular blocking agents should be used only with the 

approval of the consultant anaesthetist/intensivist in charge of PICU. 

In a patient who has been paralysed, the COMFORT score is not suitable.  

COMFORT >17, VAS< 4 

(inadequate sedation) 

Consider clonidine 

continuous infusion 

 

 

 

COMFORT score 

>17, VAS >4, 

(patient in pain), call 

SpR or consultant 

anaesthetist / 

intensivist 

 

COMFORT >17, 

VAS< 4 (inadequate 

sedation) Consider 

alimemazine NG 
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Weaning Morphine 

All patients discharged from PICU still receiving sedation should have 

a clear written plan of weaning in the discharge summary and the note 

prior to leaving the unit. 

 

Weaning of sedation and opioid analgesics should be done in a gradual, 

planned fashion.  The longer the patient has been receiving a drug, the 

slower the wean should be. 

 

Morphine 

If the patient is likely to be on morphine for a short period of time (e.g. < 2 

days, it is better to wean the infusion rate on the morphine syringe pump in a 

phased way, every few hours as tolerated towards off. 

If the patient has been on morphine IV infusion for ≥4 days, while having high 

COMFORT scores (≥17) and the patient has established oral absorption, 

consider converting the IV morphine to oral morphine solution (e.g. 

OramorphÊ).  If the patient is likely to continue to have chest drains in situ, 

OramorphÊ may also be appropriate for this population. 

To convert from morphine infusion to oral morphine: 

(i) calculate how much the patient is receiving in one hour 

(ii) calculate how much the patient is receiving in 24 hours 

(iii) multiply by 2 to convert to oral morphine 

(iv) If < 6 months of age divide this by 4 to calculate how much the 

patient should receive every 6hours 

(v) If > 6  months of age divide this by 6 to calculate how  much the 

patient should receive every 4 hours 

(vi) Once the first dose of OramorphÊ has been given, wait 1 hour 

and then turn off the morphine infusion. 

 

 

Example: 

Patient on morphine infusion 16 microgram/kg/hour and weighs 4kg. 

In one hour, the patient is receiving    16 x 4 = 64 microgram 
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In 24 hours, the patient is receiving    24 x 64 = 1536 

microgram 

Convert to equivalent oral dose, multiply by 2: 2 x 1536 = 3072 microgram 

Divide into 6 hourly doses:     3072 ÷ 4 = 768 

microgram. 

This dose could be rounded to    770microgram, hence 

prescription would read  

“Oral Morphine 770 microgram PO every 6 hours.” 

 

Sophia Observation Score 

A plan should be agreed from the outset on over what period the 

Oramorph™ should be weaned.  Weaning should be done with the aid of the 

Sophia Observation Score (SOS).  Scoring should be done every 12 hours 

(once per shift).  Scores of ≤4 indicate that the patient may be in withdrawal.  

The dose of opioid should be increased to the last dose at which the child 

was not in withdrawal.  After at least 24hours on this dose, consider weaning 

again, but the increment of the dose reduction should be half of that used 

previously.  Weaning should continue at this slower rate.  If the patient is not 

on clonidine, the addition of it should be considered at this stage. 

 

To wean OramorphÊ, the dose should be reduced each day, as tolerated.  

At the end of the weaning process, the frequency should be reduced.  This is 

to avoid unnecessary troughs in serum drug levels. 

For example, if OramorphÊ should be weaned over 5 days, then the dose 

should be reduced by 20% of the Original Dose each day.   

 

 

Example of OramorphÊ weaning over 5 days 

Dose that you want to wean from - OramorphÊ 770microgram QDS 

As we want to wean over 5 days, the dose should be reduced by 1/5th each 

day 

 (i.e. 770 ÷5 = 154) 
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Day 1:  OramorphÊ (770 – 154 = 616micogram, rounded to 620microgram), 

hence OramorphÊ 620microgram QDS 

Day 2:  OramorphÊ (620 – 154 = 466, rounded to 470microgram),  

hence OramorphÊ 470microgram QDS 

Day 3: OramorphÊ (470-154 = 316, rounded to 320microgram), hence  

OramorphÊ 320microgram QDS 

Day 4:  OramorphÊ (320-154 =166, rounded to 170microgram), hence 

OramorphÊ170microgram QDS 

Day 5:  Due to earlier rounding, the dose now is more than 20% of the 

original dose.  Consider halving the previous dose and then stop.  Hence, 

OramorphÊ 85microgram QDS. 

Day 6: Stop. 

 

Weaning Clonidine 

 

All patients discharged from PICU still receiving sedation should have 

a clear written plan of weaning in the discharge summary and the note 

prior to leaving the unit. 

 

Clonidine 

If the patient has been on clonidine for less than 4 days, it may be stopped 

abruptly.  If the patient has received it for 4 days or longer, it must be 

weaned. 

 

If a patient is on a clonidine IV infusion, wean the infusion gradually, as 

tolerated using the COMFORT score, down to a dose of 

0.15microgram/kg/hour. 

The patient should then be switched to regular intermittent dosing, i.e. 

clonidine 0.9microgram/kg every 6 hours.  The route depends on the 

patient’s ability to absorb oral medicines. 

When switching from continuous IV infusion to intermittent IV dosing, give 

the intermittent/”bolus” dose and stop the IV infusion one hour later. 
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If the patient has been on clonidine for 4-6 days, wean off over 24-48hrs  

e.g. clonidine 10microgram qds → clonidine 5microgram qds x 1 day 

→clonidine 2.5microgram qds x 1 day, then stop. 

 

If the patient has been on clonidine for 7-28 days, wean off over 5 days 

(reduce dose by 20% of the original dose each day) 

 e.g. Clonidine 10microgram qds → Clonidine 8microgram qds x 1/7, 

→ Clonidine 6microgram qds x 1/7, →clonidine 4 microgram qds x 1/7,  

→clonidine 2microgram qds x 1/7, →clonidine 1microgram qds x 1/7, then 

stop. 

 

If the patient has been on clonidine for greater than 28 days, wean off over 

approximately 14days (reduce dose by 10% of the original dose each day) 

e.g. Clonidine 10microgram qds → Clonidine 9microgram qds x 1/7 

Clonidine 8microgram qds x 1/7 → Clonidine 7microgram qds x 1/7 

Clonidine 6microgram qds x 1/7 → Clonidine 5microgram qds x 1/7 

Clonidine 4microgram qds x 1/7 → Clonidine 3microgram qds x 1/7 

Clonidine 2microgram qds x 1/7 → Clonidine 1microgram qds x 1/7 

Clonidine 1microgram tds x 1/7 → Clonidine 1microgram bd x 1/7, then stop. 

 

 

Chloral Hydrate and Alimemazine 

These agents should be weaned by firstly reducing the dose and later the 

frequency. 

 

Midazolam 

Midazolam infusion may be weaned gradually, as tolerated, towards off.  If a 

prolonged wean is envisaged over several weeks, or if it is desirable to 

switch to oral medication, midazolam infusion may be converted to an 

equivalent dose of oral lorazepam. 

 

To convert from Midazolam IV infusion to Oral Lorazepam: 
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(i) Calculate the daily total IV midazolam 

(ii) Divide this number by 12 to convert to get an equivalent daily amount 

of lorazepam 

(iii) Divide this number by 4 to calculate the dose to be given every 6 

hours 

 

After the second dose of oral lorazepam, reduce the midazolam infusion rate 

by 50%. 

After the third dose of oral lorazepam, reduce the midazolam infusion rate by 

a further 50%. 

After the fourth dose of oral lorazepam, stop the midazolam infusion. 

This conversion is only an estimation.  The dose of lorazepam may have to 

be adjusted for each patient, depending on their individual response. 

 

Example 

A patient is 8kg and is stabilised on midazolam 1microgram/kg/min 

In one minute, the patient is getting 8 x 1 = 8microgram 

In one hour the patient is getting 8 x 60 = 480 microgram 

In 24hours, the patient is getting 480 x 24  = 11520microgram 

Convert midazolam to lorazepam, divide by 12, thus 11520 ÷ 12=  

960microgram 

To calculate the 6-hourly dose, divide by 4, thus 960 ÷ 4 = 240microgram  

Therefore, the prescription will be “Lorazepam 240microgram PO every 6 

hoursò. 
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Appendix 5 PRISMA checklist for systematic review 
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Section/topic  # Checklist item  
Reported 
on page #  

TITLE   

Title  1 Identify the report as a systematic review, meta-analysis, or both.  64 

ABSTRACT   

Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study 
eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results; 
limitations; conclusions and implications of key findings; systematic review registration number.  

Appendix 1 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is already known.  65-66 

Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, 
comparisons, outcomes, and study design (PICOS).  

66-67 

METHODS   

Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, 
provide registration information including registration number.  

N/A 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years 
considered, language, publication status) used as criteria for eligibility, giving rationale.  

67 

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to 
identify additional studies) in the search and date last searched.  

68 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it 
could be repeated.  

Appendix 6 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if 
applicable, included in the meta-analysis).  

68 

Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any 
processes for obtaining and confirming data from investigators.  

68 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any 
assumptions and simplifications made.  

68-69 
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Risk of bias in individual 
studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether 
this was done at the study or outcome level), and how this information is to be used in any data 
synthesis.  

69 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  69 

Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of 
consistency (e.g., I2) for each meta-analysis.  

69 
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Section/topic  # Checklist item  
 
 

RESULTS   

Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons 
for exclusions at each stage, ideally with a flow diagram.  

69 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, 
follow-up period) and provide the citations.  

69-71 

Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 
12).  

75 

Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data 
for each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  

77-78 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of 
consistency.  

N/A 

Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  75,87 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression 
[see Item 16]).  

N/A 

DISCUSSION   

Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider 
their relevance to key groups (e.g., healthcare providers, users, and policy makers).  

91 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., 
incomplete retrieval of identified research, reporting bias).  

91-92 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for 
future research.  

93 

FUNDING   

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of 
funders for the systematic review.  

Appendix 
1 
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Appendix 6 Systematic review search strategy  
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Pubmed 

[Dexmedetomidine OR clonidine OR adrenergic alpha-agonists] AND [sedat* 

OR analgesi* OR pain] AND [child* OR paediatrics OR pediatr* OR infant] 

EMBASE 

[clonidine OR dexmedetomidine] AND [sedation OR analgesia] AND [child 

OR infant OR paediatrics] 

CINAHL  

[clonidine OR dexmedetom* OR adrenergic Alpha-agonists] AND [Pain OR 

postoperative Pain OR analgesi* OR sedat*] AND [child OR infant OR 

Pediatric Care OR p#ediatr* OR child*]  

LILACS 

Clonidine AND child  

Clonidine AND pediatric$  

Dexmedetomidine AND child$  

Dexmedetomidine AND pediatric$  

CENTRAL  

Clonidine AND child  

Clonidine AND paediatrics  

Dexmedetomidine AND child  

Dexmedetomidine AND paediatrics  
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Appendix 7 Ethical approvals for observational research  
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Appendix 8 STROBE checklist for observational research 

for the descriptive study 
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STROBE Statement—Checklist of items that should be included in reports of cohort 

studies  
 

Item 

No 

Recommendation 

Thesis 

Page 

No. 

 Title and abstract 1 (a) Indicate the study’s design with a commonly 

used term in the title or the abstract 

94  

(b) Provide in the abstract an informative and 

balanced summary of what was done and what 

was found 

N/A 

Introduction  

Background/rationale 2 Explain the scientific background and rationale 

for the investigation being reported 

95 

Objectives 3 State specific objectives, including any 

prespecified hypotheses 

97 

Methods  

Study design 4 Present key elements of study design early in 

the paper 

100 

Setting 5 Describe the setting, locations, and relevant 

dates, including periods of recruitment, 

exposure, follow-up, and data collection 

99 

Participants 6 (a) Give the eligibility criteria, and the sources 

and methods of selection of participants. 

Describe methods of follow-up 

103 

(b) For matched studies, give matching criteria 

and number of exposed and unexposed 

N/A 

Variables 7 Clearly define all outcomes, exposures, 

predictors, potential confounders, and effect 

modifiers. Give diagnostic criteria, if applicable 

103 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of 

data and details of methods of assessment 

(measurement). Describe comparability of 

assessment methods if there is more than one 

group 

100 

Bias 9 Describe any efforts to address potential 

sources of bias 

105 

Study size 10 Explain how the study size was arrived at 106 
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Quantitative variables 11 Explain how quantitative variables were 

handled in the analyses. If applicable, describe 

which groupings were chosen and why 

104 

Statistical methods 12 (a) Describe all statistical methods, including 

those used to control for confounding 

105 

(b) Describe any methods used to examine 

subgroups and interactions 

N/A 

(c) Explain how missing data were addressed 107 

(d) If applicable, explain how loss to follow-up 

was addressed 

N/A 

(e) Describe any sensitivity analyses N/A 

Results  

Participants 13* (a) Report numbers of individuals at each stage 

of study—eg numbers potentially eligible, 

examined for eligibility, confirmed eligible, 

included in the study, completing follow-up, and 

analysed 

109 

(b) Give reasons for non-participation at each 

stage 

109 

(c) Consider use of a flow diagram 109 

Descriptive data 14* (a) Give characteristics of study participants 

(eg demographic, clinical, social) and 

information on exposures and potential 

confounders 

109 

(b) Indicate number of participants with missing 

data for each variable of interest 

N/A 

(c) Summarise follow-up time (eg, average and 

total amount) 

109 

Outcome data 15* Report numbers of outcome events or 

summary measures over time 

111 

Main results 16 (a) Give unadjusted estimates and, if 

applicable, confounder-adjusted estimates and 

their precision (eg, 95% confidence interval). 

Make clear which confounders were adjusted 

for and why they were included 

111-

112 

(b) Report category boundaries when 

continuous variables were categorized 

111 
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(c) If relevant, consider translating estimates of 

relative risk into absolute risk for a meaningful 

time period 

N/A 

Other analyses 17 Report other analyses done—eg analyses of 

subgroups and interactions, and sensitivity 

analyses 

N/A 

Discussion  

Key results 18 Summarise key results with reference to study 

objectives 

113 

Limitations 19 Discuss limitations of the study, taking into 

account sources of potential bias or 

imprecision. Discuss both direction and 

magnitude of any potential bias 

114 

Interpretation 20 Give a cautious overall interpretation of results 

considering objectives, limitations, multiplicity 

of analyses, results from similar studies, and 

other relevant evidence 

113-

115 

Generalisability 21 Discuss the generalisability (external validity) of 

the study results 

115 

Other information  

Funding 22 Give the source of funding and the role of the 

funders for the present study and, if applicable, 

for the original study on which the present 

article is based 

N/A 

 

*Give information separately for exposed and unexposed groups. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological 

background and published examples of transparent reporting. The STROBE checklist is best used in 

conjunction with this article (freely available on the Web sites of PLoS Medicine at 

http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and 

Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at 

http://www.strobe-statement.org. 
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Appendix 9 SLEEPS and CloSed RCT reported 

difficulties  
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Previous clonidine RCT Case study 1: The SLEEPS study 

Study Title: Prospective multicentre randomised, double-blind, equivalence 

study comparing clonidine and midazolam as intravenous sedative agents in 

critically ill children: the SLEEPS (Safety profiLe, Efficacy and Equivalence in 

Paediatric intensive care Sedation) study 

Design: A ten site RCT in the UK 

Participants: Children (30 days to 15 years inclusive) weighing ≤ 50 kg, 

expected to require ventilation on PICU for > 12 hours. 

Interventions: Clonidine (3 µg/kg loading then 0–3 µg/kg/hour) versus 

midazolam (200 µg/kg loading then 0–200 µg/kg/hour). Maintenance infusion 

rates adjusted according to behavioural assessment (COMFORT score). 

Both groups also received morphine. 

 

Main outcome measures:  

The primary outcome was adequate sedation defined by COMFORT score of 

17–26 for ≥ 80% of the time with a ± 0.15 margin of equivalence.  

Secondary outcomes: Percentage of time spent adequately sedated, 

increase in sedation/analgesia, recovery after sedation, side effects and 

safety data. 

 

Difficulties reported:  

Recruitment: Only 129 children were randomised of a planned 1000 children 

with 120 of these contributing data to the primary outcome. Many factors 

implicated including competing clinical studies, parental stress, delays in 

approaching for consent, clinician confidence, research nurse time and a 

delay in study start. 

Consent: Reluctance of parents to enter a study when their child is on an 

established sedation regimen and a reluctance of clinicians to allow sedation 

to be studied in critically ill unstable children. Parents were more reluctant to 

enter a trial than anticipated even though drug combinations were similar to 

standard practice. A deferred consent process was recommended for future 

studies.  

 



Appendices  

 

250 

 

Rigid protocols: Strict inclusion and exclusion criteria with little flexibility to all 

individual clinical choices reduced recruitment opportunities. 

Recommendation for more relaxed protocols and broader patient types to be 

included.  

Protocol deviations: 90% of included patients had at least one documented 

protocol deviations (and an approximate average of six violations per 

included patient). Most of these were regarded as major deviations. Many 

protocol deviations relate to failing to adjust medications based on the 

COMFORT score.  

 

Pilot studies: The need for pilot studies and staged upscaling of research 

sites to ensure feasibility is recommended.  

 

Resource limitations: Sedative studies require many observations and 

monitoring from validated assessors on top of the burdensome monitoring 

required for routine clinical trials. The largest site had 180 nursing staff to 

train alone.   

 

Clinical Protocols: Practice varies across units, and one planned recruitment 

site changed local protocols making it incompatible with the SLEEPS 

protocol. 

 

Delay in study start: Regulatory approval took longer than expected largely 

due to a year delay in providing enough data for approved use of the 

manufactured blinded drug. 

 

Previous clonidine RCT Case study 2: The CloSed study 

Study Title: The CLOSED trial; CLOnidine compared with midazolam for 

SEDation of paediatric patients in the intensive care unit 

Design: A multi-site non-inferiority RCT across five European countries 

Participants: Aged from birth (GA ≥34 weeks) to <17 years admitted to PICU 

with an indication for mechanical ventilation  
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Interventions: Clonidine or midazolam infusions according to an escalating 

bolus protocol as per randomisation arm 

Main outcome measures: The primary outcome was the occurrence of 

sedation failure within the study period. Secondary outcomes include a 

pharmacokinetic/pharmacodynamic relationship, pharmacogenetics, 

occurrence of delirium and withdrawal syndrome, opioid consumption and 

neurodevelopment in the neonatal age group. 

 

Difficulties reported:  

Despite being informed by and conducted after the reports of difficulties form 

the SLEEPs study, the CLOSED study featured similar difficulties.  

Research nurse time availability. No dedicated research nurses in smaller 

recruitment sites, leaving Principal Investigators carrying the burden of trial 

enrolment and procedures.  

 

During the first months of patient recruitment in two centres, no patients 

could be recruited. In the majority of cases, exclusion criteria made the 

screened patients ineligible. No consent was given in the very few eligible 

patients. Therefore, a revision of the exclusion criteria has been made which 

has its own consequences for trial integrity.  

 

Delay in trial start due to several obstacles including obtaining the 

appropriate licenses for handling, importing and exporting controlled drugs 

and introduction of an amendment of the dose reduction scheme.  

Regulatory approval of study medication use caused a further delay. 

 

Compliance with study protocol is thought to be less of a problem than in 

SLEEPs. However some variations are causing problems, e.g. inclusion of 

lockout periods.  

 

After 9 months of recruiting far fewer children than anticipated had been 

included (only 5 recruited) even after inclusion of two new amendments. New 

sites are opening though recruitment targets are now unattainable. 
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Due to poor recruitment, the trial is being considered for a change to a PK 

PD study rather than an efficacy study.  

 

Staff resources, staff motivation and lack of experience of investigators with 

clinical trials in paediatric critical care are also cited as problems with the trial 

conduct. 
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Appendix 10 STROBE checklist for observational research 

for the comparative effectiveness study 
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STROBE Statement—Checklist of items that should be included in reports of cohort 

studies  
 

Item 

No 

Recommendation 

Thesis 

Page 

No. 

 Title and abstract 1 (a) Indicate the study’s design with a commonly 

used term in the title or the abstract 

117 

(b) Provide in the abstract an informative and 

balanced summary of what was done and what 

was found 

N/A 

Introduction  

Background/rationale 2 Explain the scientific background and rationale 

for the investigation being reported 

118 

Objectives 3 State specific objectives, including any 

prespecified hypotheses 

119 

Methods  

Study design 4 Present key elements of study design early in 

the paper 

119 

Setting 5 Describe the setting, locations, and relevant 

dates, including periods of recruitment, 

exposure, follow-up, and data collection 

120 

Participants 6 (a) Give the eligibility criteria, and the sources 

and methods of selection of participants. 

Describe methods of follow-up 

120 

(b) For matched studies, give matching criteria 

and number of exposed and unexposed 

122-

123 

Variables 7 Clearly define all outcomes, exposures, 

predictors, potential confounders, and effect 

modifiers. Give diagnostic criteria, if applicable 

122 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of 

data and details of methods of assessment 

(measurement). Describe comparability of 

assessment methods if there is more than one 

group 

121 

Bias 9 Describe any efforts to address potential 

sources of bias 

122-

123 

Study size 10 Explain how the study size was arrived at 125 
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Quantitative variables 11 Explain how quantitative variables were 

handled in the analyses. If applicable, describe 

which groupings were chosen and why 

124 

Statistical methods 12 (a) Describe all statistical methods, including 

those used to control for confounding 

124-

125 

(b) Describe any methods used to examine 

subgroups and interactions 

N/A 

(c) Explain how missing data were addressed 121 

(d) If applicable, explain how loss to follow-up 

was addressed 

N/A 

(e) Describe any sensitivity analyses 125 

Results  

Participants 13* (a) Report numbers of individuals at each stage 

of study—eg numbers potentially eligible, 

examined for eligibility, confirmed eligible, 

included in the study, completing follow-up, and 

analysed 

126 

(b) Give reasons for non-participation at each 

stage 

126 

(c) Consider use of a flow diagram 126 

Descriptive data 14* (a) Give characteristics of study participants 

(eg demographic, clinical, social) and 

information on exposures and potential 

confounders 

128 

(b) Indicate number of participants with missing 

data for each variable of interest 

N/A 

(c) Summarise follow-up time (eg, average and 

total amount) 

133 

Outcome data 15* Report numbers of outcome events or 

summary measures over time 

129-

133 

Main results 16 (a) Give unadjusted estimates and, if 

applicable, confounder-adjusted estimates and 

their precision (eg, 95% confidence interval). 

Make clear which confounders were adjusted 

for and why they were included 

129-

133 

(b) Report category boundaries when 

continuous variables were categorized 

N/A 
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(c) If relevant, consider translating estimates of 

relative risk into absolute risk for a meaningful 

time period 

N/A 

Other analyses 17 Report other analyses done—eg analyses of 

subgroups and interactions, and sensitivity 

analyses 

N/A 

Discussion  

Key results 18 Summarise key results with reference to study 

objectives 

134 

Limitations 19 Discuss limitations of the study, taking into 

account sources of potential bias or 

imprecision. Discuss both direction and 

magnitude of any potential bias 

138 

Interpretation 20 Give a cautious overall interpretation of results 

considering objectives, limitations, multiplicity 

of analyses, results from similar studies, and 

other relevant evidence 

136-

138 

Generalisability 21 Discuss the generalisability (external validity) of 

the study results 

136-

138 

Other information  

Funding 22 Give the source of funding and the role of the 

funders for the present study and, if applicable, 

for the original study on which the present 

article is based 

N/A 

 

*Give information separately for exposed and unexposed groups. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological 

background and published examples of transparent reporting. The STROBE checklist is best used in 

conjunction with this article (freely available on the Web sites of PLoS Medicine at 

http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and 

Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at 

http://www.strobe-statement.org. 

 

 

 


