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Aim: Although not approved, the α-adrenoceptor agonist clonidine is considered an

option for long-term sedation protocols in paediatric intensive care. We reviewed

adverse effects of clonidine occurring in this indication.

Methods: Relevant literature was systematically identified from PubMed and

Embase. We included interventional and observational studies on paediatric patients

admitted to intensive care units and systemically long-term sedated with clonidine-

containing regimes. In duplicates, we conducted standardised and independent full-

text assessment and extraction of safety data.

Results: Data from 11 studies with 909 patients were analysed. The studies were

heterogeneous regarding patient characteristics (age groups, comorbidity, or

comedication) and sedation regimes (dosage, route, duration, or concomitant seda-

tives). Just four randomised controlled trials (RCTs) and one observational study had

comparison groups, using placebo or midazolam. For safety outcomes, our validity

evaluation showed low risk of bias only in three studies. All studies focused on

haemodynamic problems, particularly bradycardia and hypotension. Observed inci-

dences or subsequent interventions never caused concerns. However, only two RCTs

allowed meaningful comparisons with control groups. Odds ratios showed no signifi-

cant difference between the groups, but small sample sizes (50 and 125 patients)

must be considered; pooled analyses were not reasonable.

Conclusion: All evaluated studies concluded that the use of clonidine in paediatric

intensive care units is safe. However, a valid characterisation of the safety profile

remains challenging due to limited, biased and heterogeneous data and missing inves-

tigation of long-term effects. This evaluation demonstrates the lack of data, which

prevents reliable conclusions on the safety of clonidine for long-term sedation in crit-

ically ill children. For an evidence-based use, further studies are needed.
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1 | INTRODUCTION

In paediatric intensive care, effective sedation management is essen-

tial. Patients have to be sedated to facilitate mechanical ventilation

and avoid unintentional self-extubation. It is also intended to improve

analgesia, enable diagnostic and therapeutic procedures, or reduce the

metabolic rate and oxygen demand. Moreover, there are psychological

reasons, such as the reduction of distress and anxiety, less disturbed

sleep, and a reduction in memory.1 Among the drugs most commonly

used for long-term sedation on paediatric intensive care units (PICUs)

are benzodiazepines, opioids and α-adrenoceptor agonists.2 Although

the α-adrenoceptor agonist clonidine is not approved for sedation in

children, it is regarded as a useful sedative or adjuvant. Unlike opioids

or benzodiazepines, clonidine is assumed to cause little respiratory

depression, does not interfere with natural sleep and there are no con-

cerns about neurotoxic effects, tolerance and dependence.2,3

Since clonidine was first introduced as a drug in the 1960s,

insights into its mechanism of action have been gained. By stimulating

central α2-adrenoreceptors it can induce sedation and analgesia.

Other effects are hypotension and bradycardia. Its hypotensive prop-

erties are used therapeutically and it is approved as an antihyperten-

sive for adults. In addition, hypothermia, changes in motor activity and

increased regulation of attention and conditioned behaviour may also

occur. The latter is the reason for its approval for treatment of

attention-deficit hyperactivity disorder in the United States.4–6

Further effects have also been identified inter alia on peripheral

presynaptic α2-adrenoreceptors, imidazoline binding sites and, if

administered at high concentrations, on central α1-adrenoreceptors.7,8

Therefore, on the one hand, clonidine is promising for the sedation of

paediatric intensive care patients but, on the other hand, other possi-

ble unwanted effects must also be considered when it is used as a

long-term sedative agent in paediatric intensive care.

Guidelines have recommended clonidine as an alternative sedative

agent to midazolam for a long time. However, in the British Consensus

guidelines on sedation and analgesia in critically ill children from 2006

the authors indicated that this recommendation was based on a low

level of evidence only.9 In 2016, Barnes et al pointed out that recom-

mendations for the use of clonidine in this indication are based on

experience and best practice rather than on high-quality data.2 In

recent years, the available evidence regarding the efficacy of clonidine

for long-term sedation has been systematically reviewed.10–12 First,

Chen et al found no eligible study in children.12 In 2016, Hayden et al

concluded that there is potential for the use of clonidine but called for

further studies, especially dose finding studies, due to a lack of robust

evidence.10 In this systematic review, only randomised clinical trials

were considered and safety profiles were only very briefly examined.

The systematic review by Romantsik et al examined efficacy and

safety in a population of newborn infants but did not identify any addi-

tional evidence.11 Supplementary safety data from observational

pharmacoepidemiological studies were not considered in either review.

The off-label use of clonidine in PICUs has been widely

established13–18 and recently an increase in its utilization in PICUs has

been described.19–21 Thus, although there is an urgent need we did

not identify any study that systematically and comprehensively

reviewed the literature on the safety of clonidine in paediatric inten-

sive care medicine.

The eligibility of a drug – both for further studies and for off-label

use – depends not only on its efficacy but also on its safety profile.

Consequently we have initiated this review of available data on

the safety profile of clonidine when used for long-term sedation

in paediatric intensive care. Both clinical trials as well as

pharmacoepidemiological studies should be considered, as the latter

can also help to verify and quantify adverse effects. This assessment

is intended to support clinical decisions in practice. In addition, it

should also identify the need for further studies or assist in designing

and implementing future clinical trials. The conduct of paediatric stud-

ies in intensive care is complex. On the one hand, ethical requirements

have to be met, for example regarding the acceptable risks. On the

other hand, the recruitment of patients is quite challenging. This was

particularly an issue in the last large-scale planned clonidine studies

(SLEEPS and CloSed)22,23. As a reason for the disappointing recruit-

ment rates, Wolf et al22 identified the reluctance of parents to provide

consent and the reluctance of clinicians to accept sedation studies in

unstable critically ill children. In this context, this comprehensive anal-

ysis of the safety profile of clonidine may help in the planning of

future studies and enable informed decisions for participation.

The objective of this review is to assess the safety of clonidine

used for long-term sedation in paediatric intensive care. We systemat-

ically examined the following research question: What are important

adverse effects that should be considered as a consequence of long-

term sedation with clonidine in children on intensive care units?

2 | METHODS

2.1 | Search strategy

Following our review protocol, we conducted systematic searches in

the databases PubMed and Embase to identify relevant literature (pri-

mary search January 2019, last update February 2020). The predefined

search strategy covered the combined aspects clonidine, sedation and

children (see appendix). To obtain a comprehensive collection of litera-

ture, we did not limit the time, type or language of publications.

In addition, the reference lists of the included studies were

scanned for further relevant studies. Previously published reviews

containing the safety of clonidine used for paediatric long-term seda-

tion were also screened. To address publication bias, we additionally

searched the databases clinicaltrialsregister.eu, clinicaltrials.gov and

the registers of the WHO International Clinical Trials Registry

Platform (ICTRP) for unpublished and ongoing trials.

2.2 | Eligibility criteria

We set appropriate inclusion criteria to assess the previously publi-

shed safety profile and to determine the quantity of the risks of long-

term sedation with clonidine in critically ill children. Following the

advice of Loke et al, we included interventional studies (randomised

786 EBERL ET AL.
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and nonrandomised controlled trials) as well as observational studies

(retro- or prospective cohort studies or case control studies).24,25

The additional systematic identification of new types of adverse

events by analysing case reports and spontaneous reporting databases

exceeded the scope of this review. In addition, new findings regarding

the spectrum of safety issues are unlikely as clonidine has been used

since the 1960s for various indications and patient groups.

We identified studies which included paediatric patients

(<18 years of age) who had been admitted to intensive care units. An

inclusion criterion involved long-term sedation and mechanical ventila-

tion (ie, actual or planned duration was more than 12 hours). One of

the study drugs had to be clonidine for long-term sedation. In addition,

the studies were required to report on the safety of clonidine (on at

least one of the following aspects: adverse events as defined by the

study authors, bradycardia, hypotension, or hypertension, serious

adverse event, mortality, haemodynamic changes, delirium or coma,

withdrawal symptoms). To focus on the correct indication, we excluded

other indications such as procedural sedation, neonatal abstinence syn-

drome, palliative care, premedication for prevention of withdrawal syn-

drome and regional anaesthesia (intrathecal). We ensured that studies

were performed on intensive care units and therefore excluded studies

on different settings. There was no limit to the use of comedication or

to dose and frequency of clonidine use. Likewise, there were no limita-

tions regarding the comparison group: studies comparing clonidine with

any standard sedative regimen or without a comparator were eligible.

As long as a systemic therapy was intended, there was no restriction

on the route of administration: intravenous infusion, intravenous

boluses, enteral, oral or transdermal route were acceptable.

2.3 | Study identification, data collection and risk
of bias assessment

After performing the database queries, one author vetted the titles and

abstracts of the identified publications for eligibility. For each poten-

tially relevant publication, the full article was evaluated by two

reviewers using a screening checklist. Final inclusion of the studies was

decided by consensus. Reasons for in- or exclusionswere documented.

Data extraction was performed independently and in duplicate

using a data collection form. We collected the following predefined

data: the setting of the study, the key patient characteristics, the

intervention characteristics (ie characteristics of clonidine therapy

regarding dose, route, sedation protocol and adjunctive sedatives) and

all reported safety outcome data.

We assessed the applicability and quality of each included study

regarding the safety outcomes. This appraisal was based on the

Cochrane Collaboration's risk of bias tool26 for randomised controlled

trials (RCTs). In addition, we used for all studies the Risk of bias

assessment checklist for studies included in systematic reviews of

drug adverse events by Faillie et al.27

Possible disagreements during the whole process were resolved

by consent. Any remaining issues were settled by consultations with a

senior author.

2.4 | Data synthesis and analysis

Initially, aggregation of the data and a meta-analysis was planned. After

data extraction, however, we realised that pooled quantitative analyses

were not reasonably possible. On the one hand, we identified a high risk

of bias in the included observational studies. On the other hand, het-

erogeneity must be taken into account. First, data from different kind

of study types could not be combined due to the different concepts of

the studies, resulting in varying reliability and different data collection

or comparisons. Second, severe heterogeneity was introduced by

different sedation protocols, with different dose regimes, duration of

therapy and route of administration. In addition, the studies were

heterogeneous regarding the patient parameters of age groups,

comorbidities, severity of illness and comedication. For appropriate

subgroup analyses, not enough studies could be identified. Therefore,

safety information was summarised in a qualitative and descriptive

manner. Where applicable, we performed the following analyses. To

compare the adverse effects of bradycardia and hypotension between

the individual groups that used clonidine, we calculated incidences with

95% confidence interval (95%CI) according to Clopper Pearson using

the software RStudio, version 1.1.383. For corresponding comparisons

of incidences between clonidine and control groups within the studies,

we calculated odds ratios (95%CI) and used visualisations as forest

plots based on RevMan5 software, version 5.3.

2.5 | Nomenclature of targets and ligands

Where applicable, we used in this review the nomenclature that cor-

responds to the IUPHAR/BPS Guide to Pharmacology, according to

the online database https://www.guidetopharmacology.org. Key pro-

tein targets and ligands in this article are hyperlinked to corresponding

entries in https://www.guidetopharmacology.org, the common portal

for data from the IUPHAR/BPS Guide to PHARMACOLOGY.

3 | RESULTS

3.1 | Study selection

The database search resulted in a set of 1938 citations. This was

reduced to 1585 citations when we removed the duplicates. After

initial screening of titles and abstracts, 35 publications were

assessed for eligibility. Twelve studies met the predefined criteria

and were analysed,13,14,18,22,28–35 whereas twenty-three stud-

ies15,36–57 were excluded after eligibility assessment. One additional

study had to be excluded as it did not provide sufficent information

for this review.33 Although this study included a cohort with the

therapeutic option of clonidine, only 20% of patients in this group

did receive clonidine and in the safety results it was not differenti-

ated whether the patients had actually received clonidine or not.

Figure 1 illustrates the study identification and selection process

that led to the 11 studies evaluated.

EBERL ET AL. 787
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3.2 | Study characteristics

Five of the 11 analysed studies were interventional studies. In a first

nonrandomised open dose-ranging study in 2000, Ambrose et al com-

pared different intravenous sedation schemes with clonidine in three

small cohorts, including a brief evaluation of side effects.13 Further-

more, three systematic randomised controlled trials published in 2014

and one published in 2019 were eligible for this review (Duffett

et al30, Hünseler et al31, Wolf et al22 and Salarian et al35). They investi-

gated safety issues as secondary outcomes. However, the sample sizes

only ranged between 50 and 212 patients. Tables 1a and 1b provide

summaries of the characteristics of the included interventional trials.

The remaining six studies are observational cohort studies. Safety

aspects were addressed as primary outcomes14,29,34 or as secondary

outcomes, when the priority of the studies was effectiveness of seda-

tion or reduction of benzodiazepine doses18,28,32. Five of these stud-

ies characterised cohorts of clonidine patients without comparison

groups. Sample sizes were low and ranged from 14 to 186 patients.

Table 1c summarises the characteristics of the included observational

cohort studies.

3.3 | Qualitative analysis of safety outcomes

Tables 2a–2c provide an overview of the analysis of the safety out-

comes. Overall, the authors mainly focused on the investigation of

haemodynamic aspects. Additionally, mortality and withdrawal symp-

toms are described. Apart from that, no common safety issues are

elaborated in these studies, and further adverse events have not been

assessed systematically and are only described individually. The main

characteristics and results of the individual studies are summarised in

the Supporting Information.

3.4 | Validity of the safety outcomes

The four RCTs could be evaluated using the Cochrane risk of bias tool.

Overall, three RCTs were of low risk of bias, while the RCT of Salarian

et al35 was conspicuous by its high risk of bias (see Figure 2).

We assumed a high risk of bias for the Salarian study35 because

of limited confidence in the results. Contradictory information was

found in the registration (Iranian Registry of Clinical Trials

IRCT20170920036296N1) and in the publication (eg, on

organisational issues, on the inclusion criterion of patient age or on

the fentanyl dose in the sedation regimen). Furthermore, critical issues

were encountered in the publication itself. For example, statistical cal-

culations were not entirely reproducible, significance levels did not

coincide in the tables and text, and some results were implausible (eg,

data on total doses). Moreover, no details of the safety assessment

were described, and exact definitions or the procedure for measure-

ment was not specified. It was therefore not clear whether adverse

events have been completely and objectively recorded. This was

F IGURE 1 Flow diagram of trial identification and selection according to recommendations of preferred reporting items for systematic
reviews and meta-analyses58

788 EBERL ET AL.
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particularly critical as zero cases of bradycardia and hypotension were

reported in the intervention group and the results of the placebo

group were not explicitly mentioned. Similarly, the incidence of respi-

ratory distress was explicitly reported for the placebo group only.

As we aimed to assess the validity of all studies included in a

standardised way, we used the tool of Faillie et al.27 It has been vali-

dated for systematic reviews focusing on adverse drug reactions and

is applicable to randomised trials as well to observational studies and

allowed for comprehensive standardised testing. Apart from the indi-

cated outcomes, the RCTs of Duffett,30 Hünseler31 and Wolf22

showed a low risk of bias in accordance with the Cochrane tool. In

contrast, with the exception of Kleiber et al's34 evaluation of the

haemodynamic profile and tolerance, we considered an overall high

risk for the remaining studies.13,14,18,28,29,32,34,35 This was mostly due

to the study design, particularly if only one cohort without comparison

group was presented. We also found deficiencies in the definitions of

the safety outcomes. Moreover, hardly any additional modifying fac-

tors and confounders were taken into account, which implies a high

risk of bias. The detailed results of the assessment are presented in

Figure 3 and Table 3.

3.5 | Comparability between the different studies

The studies showed considerable heterogeneity regarding the charac-

teristics of the children. Patients of different age groups, with differ-

ent underlying diseases and thus different comedications, were

included. Furthermore, the sedative regimes used differed in terms of

sedative comedication, dosages, routes of administration and dura-

tion. In addition, if any comparator was involved, it was either pla-

cebo30,31,35 or midazolam.14,22 Finally, the duration of drug exposure,

respectively the observation period, varied.

3.6 | Unpublished and ongoing trials

The trials registers did not reveal apparent publication bias and they

did not indicate that there will be numerous additional valid safety

data in the near future. The CloSed study was terminated due to a

lack of recruitment (ClinicalTrials.gov Identifier: NCT0259273,

EudraCT Number: 2014–003582-24). There were only two further

studies that could provide some safety data subsequently. In a small

pilot study at Johns Hopkins University Hospital, Kudchadkar et al

aimed to “determine the effective IV dosing scheme of clonidine that

can be safely used as an adjunct to analgesic-sedation management

for infants and children in the PICU” by comparing a cohort of

clonidine-exposed children with a dexmedetomidine cohort in the age

strata 0–3, 4–6 and at 7–12 months (ClinicalTrials.gov Identifier:

NCT02249039). Data from this trial were planned to inform a larger

randomised trial with critically ill infants and children. Recruitment

ended in December 2019 with a total number of only 14 patients

instead of the originally estimated 30 patients. Results have not yet

been published and there is no information as to whether the plannedT
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subsequent larger randomized trial will be conducted. Furthermore,

clonidine is being investigated in a neonatal intensive care unit setting

within the SANNI project of Skane University Hospital by Norman

et al (EudraCT Number: 2017–005091-26). This ongoing observa-

tional study on 100 preterm infants was initiated in 2018, with

an estimated duration of 2 years. It is planned to investigate

haemodynamic parameters as a secondary outcome.

3.7 | Synthesis of the safety profile:
haemodynamic safety issues

The major safety concerns of the study authors were haemodynamic

problems. Figure 4a compares the odds ratios of bradycardia and

hypotension in the randomised trials of Duffett et al30 and Wolf

et al.22 These are the only studies we have identified in which these

data have been collected with low risk of bias. The odds ratios show

no significant differences between the clonidine and control groups in

the incidence of these adverse events.

Figure 4b shows the incidences of bradycardia and hypotension

in the clonidine groups of all studies. Since these effects are type

1 adverse reaction, the studies are ordered by increasing dosage.

Rather high incidences of bradycardia and hypotension are nota-

ble in the studies by Kleiber et al 2018,34 Deho et al32 and Duffett

et al.30 Kleiber et al34 attributed this to their study population of

very severely ill patients. Deho et al32 gave no explanation, but in

their study the treatment duration was relatively long, which on the

one hand naturally could lead to a higher incidence and on the

other hand could also be an indication for very severe ill patients.

Considering the comparison group (see Figure 4a), the incidences of

bradycardia and hypotension in Duffett et al30 were not significantly

increased in the clonidine group. Apart from these studies, no signifi-

cant incidence of bradycardia and hypotension was observed. How-

ever, considering the external influences and their risk of bias as

described above, valid conclusions can hardly be drawn. The same

applies to the influence of doses and routes of administration.

Moreover, the comparison of the different studies does not allow to

conclusions to be drawn on whether or not younger age is a possi-

ble risk factor. This would be of interest since Kleiber et al 201834

and Hünseler et al31 identified younger age as a risk factor for

haemodynamic adverse effects.

Overall, all study authors considered the use of clonidine for

long-term sedation safe despite the possible risk for bradycardia and

hypotension. To this end, several authors evaluated the conse-

quences of haemodynamic instability (bradycardia/hypotension).

Thus, they investigated whether interventions such as inotropic sup-

port or fluid demand were required more frequently. None of the

studies found a considerable increase.14,22,30,32,34 Duffett et al30

provided concrete figures in an evaluation of the number of patients

with demand for fluid as intervention of bradycardia or hypotension.

Moreover, Wolf et al22 reported the incidence of increased inotro-

pic support required during the first 12 hours after randomisation.

These data are shown in Figure 5. With an odds ratio of about 2 in

each study, the result is quite consistent and would indicate a more

frequent need for intervention in the clonidine groups. However,

the analysis is based on a small number of patients and is not

significant.

F IGURE 2 Risk of bias assessment
according to the Cochrane risk of bias tool for
the included RCTs (green “+” indicates a low
risk of bias, red “–” indicates a high risk of
bias)
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3.8 | Summary of safety issues beside
haemodynamics

In six studies,14,22,30,31,34,35 mortality was a further common safety

outcome. However, none of these studies found a causal relationship

between the use of clonidine and deaths.

Another concordant outcome measure in five studies was the

occurrence of withdrawal symptoms.18,22,29–31 Two studies identified

an advantage of clonidine: After discontinuation of fentanyl and

midazolam, Hünseler et al31 reported fewer symptoms in the neonatal

clonidine group compared to the neonatal midazolam group. Pohl-

Schickinger et al29 observed that withdrawal symptoms caused by

F IGURE 3 Risk of bias assessment according to the checklist of Faillie et al27 for each included study; where necessary, the outcomes
referred to are indicated: Bradycardia (i), hypotension (ii), mortality (iii), outcomes related to haemodynamics (iv), withdrawal symptoms (v),
additional adverse events (vi). Green rectangles represent low, yellow triangles unclear, and red circles a high risk of bias
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TABLE 3 Comments on the risk of bias assessment shown in figure 3

Assessment category Comments

A) Study design In six included studies,13,18,28,29,32,34 only cohorts of patients treated with clonidine without a comparison

group were investigated and characterised. But since no data on the baseline risk of the safety outcomes

were available, no reliable conclusions could be drawn about the impact of clonidine, especially not about

the extent of adverse effects. Therefore, we considered the study design in these six studies to be not

appropriate for obtaining valid findings which should quantify safety issues.

However, Kleiber et al 201834 included the aim of identifying risk factors for bradycardia and evaluated the

relationship between haemodynamic parameters in order to assess haemodynamic tolerance. For this

purpose, valid outcomes could be expected, despite the design without comparison group.

B) Selection bias Since Ambrose et al13 and Deho et al32 did not describe criteria for the selection process, it was unclear

whether selection bias was an issue.

In addition, Ambrose et al13 did not provide information about baseline characteristics.

In 2016, Kleiber et al14 compared patients who have received clonidine in the course of an established

sedation regime with patients in whom physicians decided to use midazolam instead of clonidine. The

reasons for this protocol deviation was not documented but may affect the outcome. This also introduced

an unclear risk of bias in the selection process.

C) Attrition bias There seemed to be a high risk of attrition bias in the study of Deho et al,32 since there was no complete flow

chart available and the information regarding the number of participants was confusing (48 patients were

enrolled, but the outcomes related only to 39 patients, a reason for this was not given.)

D) Information bias regarding the

drug safety outcome

In general, unclear information bias occurs when there is no clear definition of an outcome. Indeed, this was

difficult to categorise for some outcomes. On the one hand, monitoring of patients and documentation of

signs and symptoms on PICUs is generally very accurate and PICUs usually establish internal conventions

for diagnosing adverse events such as bradycardia. However, especially in retrospective studies, one has to

rely on routine data quality, which may not be standardised and audited. Moreover, there are several

underlying international guidelines and the definition of normal values is also subject to constant scientific

review and discussion, so that the outcome definitions also evolve. Thus, it is important for the assessment

of adverse events to which norm values or guideline the study outcomes refer. For example, Fleming et al

201159 evaluated available data on heart rate and respiratory rate and requested a redefinition of these

normal values. However, O'Leary's study60 showed some controversy over defining these normal values in

2015. Likewise, the definition of normal blood pressure values have also been revised.61 Therefore, we

considered an unclear risk of information bias for the denoted outcomes as shown in

Figure 3.13,14,18,22,28–32

In addition, the RCT of Salarian35 provided no information on the number of adverse events explicitly in both

groups and on causality attribution assessment.

E) Other information bias Other information bias would refer to characteristics other than the outcomes. We did not assume this kind of

risk for all included studies.

F) Controlling of confounding In the included studies without randomisation (Ambrose et al,13 and the 6 observational studies14,18,28,29,32,34)

confounding was not excluded by the study design. Therefore, confounding seemed to be introduced e.g. by

confounding by indication, or by confounding factors such as age, disease severity, or comedication. In

addition, confounding was not addressed in the statistical analyses. Therefore, we saw a high risk of bias.

Due to the small sample sizes, a respective evaluation would not have been feasible in most cases.

Kleiber et al 201834 investigated risk factors for bradycardia and hypotension and evaluated relationships

between haemodynamic parameters to evaluate haemodynamic tolerance. Since these dealt with a

descriptive research question, confounding was no issue for these outcomes.

G) Statistical issues When evaluating the study by Salarian et al35 we recognised some obvious discrepancies and issues regarding

the results. Therefore, there were serious doubts about the reliability of the statistical analysis and the

results (see above).

In some of the other studies, the information on statistical analysis was also a bit minimalistic, but we could

not recognize obvious statistical issues. Therefore, we considered a low risk of bias for this aspect for the

remaining studies.

However, it is noticeable that all the studies only provided information on whether safety issues occurred per

patients. This quantity is, of course, important in the treatment decision process. However, none of the

studies included the duration of clonidine therapy (or comparative therapy) or the total follow-up time in

the statistical evaluation. This means that neither a rate of safety issues per therapy time was determined,

nor the time to event was investigated in survival analysis. These would be additionally relevant and very

informative data for the drug profile.

H) Conflict of interest Abrose et al,13 Deho et al32 and Salarian et al35 did not provide enough information to exclude conflicts of

interest, but on the other hand there were no indications of conflicts.
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F IGURE 4 (a) Odds ratios (95%CI) of bradycardia and hypotension according to Duffett et al30 and Wolf et al,22 visualised by forest plots
(software: RevMan5) (b) Incidence of bradycardia and hypotension, with 95%CI (Clopper Pearson) in the different study (sub-)groups that used
clonidine (software: R). The studies are presented by increasing maximum clonidine dose. According to the summary measure of age, neonate
children were only predominantly in the study of Kleiber.14 In the studies of Arenas-Lopez,28 Hünseler,31 Ambrose13 (group: “variable dose, max.
2 μg kg–1h–1”) and Michel18 (both groups) the children were predominantly no more than 3 months of age. In the studies of Ambrose13 (group:
“variable dose, max. 1 μg kg–1h–1”), Deho,32, Kleiber,34 Wolf22 and Pohl-Schickinger29 the children were predominantly no more than 2 years of
age. The median age of the children enrolled in the study of Duffett30 was 2.5 years. With children older than 10 years, Ambrose13 (group: “fixed
dose, 1 μg kg–1h–1”) and Salarian35 included the highest age groups

F IGURE 5 Interventions due to bradycardia and hypotension: Events at Duffett et al30 are number of patients with demand for fluid as
intervention of bradycardia or hypotension; events at Wolf et al22 are number of patients with increased inotropic support required during the
first 12 hours after randomisation (software: RevMan5)
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midazolam and fentanyl improved when starting clonidine therapy.

Otherwise, no information on withdrawal effects caused by clonidine

could be found. This could mean that clonidine does not cause signifi-

cant withdrawal problems, but to draw a valid conclusion – also

regarding a possible positive effect – further investigations are needed.

Moreover, it is important to mention that Wolf et al22 identified a

case of mild rebound hypertension after stopping clonidine treatment.

The authors, however, did not consider this a significant problem.

Interestingly, Salarian et al reported cases of respiratory distress

in the control group. Unfortunately, there was no explicit information

on the clonidine patients, but possibly this meant that this group was

not affected by respiratory problems.35 This would be in line with the

appraisal of Pohl-Schickinger et al, as no significant respiratory

depressive effect due to clonidine was assumed in this study either.29

However, objective monitoring is also lacking here, as this judgement

was based on the fact that the number of reintubations was not

higher than it is normally found to be in this patient group. Also, with

regard to this problem, valid data would be required in future studies,

in particular to assess whether there is an advantage of clonidine com-

pared to the alternative midazolam.

The remaining individually reported adverse events are listed in

Table 2. It should be emphasised that suspected hyperglycaemia did

not occur in the Arenas-Lopez study – only a slight, insignificant

increase in blood glucose levels was observed.28 In addition, Kleiber

et al reported a significant increase in body temperature. Neverthe-

less, there is no evidence of a relationship with clonidine due to other

possible factors.34

3.9 | Study populations and generalizability

Notably, the studies excluded patients with suspected haemodynamic

problems and patients requiring extracorporeal life support. Further-

more, patients with brain injuries or severe neurological problems

were also excluded. To be able to conduct feasible (eg, with regard to

sedation assessment) and also safe and thus ethically acceptable stud-

ies, the exclusions are certainly inevitable. However, this naturally

leads to limitations of the generalisability of the safety results.

4 | DISCUSSION

This literature review was conducted to assess the available evidence

on the safety of long-term sedation with clonidine in critically ill chil-

dren. Although no critical, uncontrollable issues have been documented,

only limited high-quality data are available. This prevents reliable

and quantitative conclusions on the occurrence of adverse effects.

We systematically reviewed the literature and identified 11 studies,

including four RCTs, which reported on adverse events of clonidine. All

studies identified focused on cardiovascular outcomes. Particularly

haemodynamic problems, such as bradycardia and hypotension, have

been described. This was expected due to the established effect on

blood pressure. Indeed, clonidine has been approved for the treatment

of hypertension and hypertensive crises in adults.4 For children and

adolescents, it is used as an off-label drug in this indication.62,63 The

dose ranges for the indications blood pressure reduction and sedation

may be close to each other (eg, dose range for intravenous bolus for

the treatment of hypertension crises 2–6 μg kg−1 per dose62 vs loading

dose for sedation up to 3 μg kg−1 over 1 hour22).

However, the sample size from the available studies is not suffi-

cient to show an increased incidence of hypotension (ie, the crude

increase from 5/85 to 9/89 cases, see Figure 4a). In total, in RCTs,

adverse events were only studied in 235 patients receiving clonidine

compared to 248 control patients. To demonstrate that the observed

increased incidence of hypotension is significant, a much larger sample

size would be required. A simple sample size calculation64 would result

in a minimum of 640 patients per group. Additionally, the number

would increase if weightings and heterogeneity of the studies would

have to be taken into account. For example, the RCTs identified used

different comparison groups and event predefinitions. Moreover,

influencing factors such as sedation regime, age, concomitant diseases

and medication were very heterogeneous. Although we also analysed

observational studies, they did not contribute to more evidence for

the same reasons. In addition, they were much biased, particularly

with regard to study design, information bias and confounding.

In the studies analysed a wide range of dosing regimens was used.

The range of continuous intravenous clonidine varied from 0.05 to

3.6 μg kg−1 h−1 13,14,18,22,29,31,32,34 with additional loading doses from

0.5 to 3 μg kg−1 h−1 in some studies.14,22,34 Nasogastric or oral doses

were administered as 3–5 μg kg−1 every 8 hours14 or 5 μg kg−1 every

6 hours30,35 and were thus rather lower, especially if an oral bioavail-

ability of 55% for clonidine is assumed.65 Due to other external influ-

ences such as patient age, severity of illness, different comorbidities

or comedication and the risk of bias, no conclusions can be drawn

from the data regarding maximum tolerated doses and optimal routes

of administration. Based on their kinetics study, Arenas-Lopes et al

argued for intravenous administration to achieve a fast and reliable

sedation because oral absorption of clonidine may be slowed down in

critically ill children.45 Recently, Hayden et al conducted a simulation

study that considered the effective target plasma concentration to

evaluate clonidine dosing regimens. As a result, they proposed the fol-

lowing dosing regimen: “Clonidine titrated infusions with a loading

dose of 2 μg kg–1 followed by a continuous infusion of up to

2 μg kg–1 h–1 are recommended in hemodynamically stable PICU

patients to achieve adequate sedation. Doses should be halved in

neonates.”66 Hayden et al assumed this to be an optimized and safe

regime but emphasised that cardiovascular stability must be ensured.

In this context, the authors also discussed the high incidence of bra-

dycardia and hypotension in the study of Kleiber,34 as the patients

were treated with a dose regimen in the recommended range. They

did not anticipate a critical safety problem, as haemodynamic stability

did not appear to be compromised by clonidine administration. This

was explained by compensation mechanisms and it was concluded

that the general PICU population tolerates the recommended dosage

well, at least, in none of the studies analysed did the authors consider

cardiovascular events a critical safety concern. Some authors
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underpinned this view by investigating the clinical consequences, ie,

the number of interventions due to bradycardia or hypotension, as

shown in Figure 5. The nonsignificant increase in the clonidine groups

did not concern the authors in both studies.

In addition, as with Kleiber's approach,34 further influencing fac-

tors for haemodynamic problems must be identified and the conse-

quences should be quantified to detect high-risk patients. Looking at

the incidence for bradycardia and hypotension of all studies included,

the large variability is particularly noticeable in the observational stud-

ies. We attributed this to the risk of bias and the heterogeneity of the

study designs. However, there are also patient individual effects that

cannot be reasonably standardised, eg, individually titrated clonidine

dosages, additional sedation drugs, concomitant diseases, other con-

comitant medication, and individual distress or anxiety, with physio-

logical reactions, such as tachycardia, which would negate bradycardic

side effects. Therefore, very high sample sizes are necessary to ensure

valid results.

Because withdrawal effects are a major concern some study

authors assessed withdrawal symptoms after stopping long-term

sedation. Despite not proving it, they emphasised the positive effect

of clonidine on withdrawal symptoms caused by concomitant seda-

tives (midazolam and/or opioids). However, after abrupt withdrawal

of clonidine, the risk of acute rebound hypertension and other with-

drawal symptoms (eg, tachycardia, arrhythmia, nervousness, agitation,

headache or tremor) is well known. Actually, mild rebound hyperten-

sion was observed in one patient in the SLEEPS study.22 However,

this incident did not require treatment and the authors of the study

did not consider this as a significant problem. Overall, no study author

was concerned about rebound phenomena and withdrawal symptoms

of clonidine itself. Preventive measures (eg, weaning for 48 hours with

clonidine therapy longer than 48 hours) were apparently effective but

should definitely be implemented.

On a qualitative level, the studies reviewed did not reveal hitherto

unexpected additional risks. However, some further important safety

issues still need to be addressed. Unlike midazolam,67 clonidine is not

yet approved for long-term sedation in paediatric intensive care. It is

important to justify an off-label use compared to this alternative. A

frequently cited advantage of clonidine is the lower risk of respiratory

depressant effects.68,69 However, even for clonidine a minimal respi-

ratory depressant effect was not entirely excluded experimentally,70,71

and respiratory symptoms have been described in children after cloni-

dine poisoning.72–74 Salarian et al35 included monitoring of respiratory

depression, but did not provide reliable results. All other reviewed

studies did not focus on this risk. Only two of the studies mentioned

this issue in their safety outcomes, but they did not consider it a prob-

lem.22,29 Nevertheless, it would be reasonable to explicitly document

and verify respiratory effects in future studies. Unfortunately, infor-

mation on other less well-known side effects is very sparse: hyper-

glycaemia and increased body temperature have been considered, but

the brief investigations without comparison groups did not allow for

reliable conclusions.

In addition, clonidine was considered to be preferred over

midazolam to avoid neurotoxicity.33 However, the observation

periods of the studies reviewed were insufficiently long to conclude

on this, and we did not found other studies that have explicitly exam-

ined neurotoxicity. Watson et al investigated long-term sequelae in

paediatric patients with PICU stays because of acute respiratory fail-

ure.75 Besides aetiology of respiratory failure and duration of mechan-

ical ventilation, clonidine was identified as a risk factor during

hospitalisation for functional decline. However, this correlation may

not allow causal conclusions but should give rise to further research.

Therefore, for paediatric long-term sedation, long-term safety issues

should also be well investigated and should be essentially included as

an outcome in future studies.76,77

5 | CONCLUSION

To conclude, the results published to date suggest a safe use, but due

to the limitations evidence to support this conclusion is lacking. This

review reveals the limited availability of safety data on clonidine used

for paediatric long-term sedation. However, valid information on the

type, extent, (temporal) predictability, clinical consequences and man-

ageability of adverse effects would be among the prerequisites for

standard use. Therefore, further clinical studies are justified and rec-

ommended. Until additional data are available, caution is warranted,

especially with younger children, with cardiovascular conditions or

with polymedication.
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PubMed Embase

Clonidine (clonidine[MeSH terms] OR clonidin* OR

clofelin)

(‘clonidine’/exp OR clonidin* OR clofelin)

AND AND

Sedation (sedation OR anesthesia[MeSH terms] OR

anaesthesia OR anesthesia OR sedat*)

(‘anesthesiological procedure’/exp OR

‘sedation’/exp OR ‘anaesthesia’ OR

‘anesthesia’ OR ‘sedat*’)

AND AND

Children (Infan* OR newborn* OR new-born* OR

perinat* OR neonat* OR baby OR baby*

OR babies OR toddler* OR minors OR

minors* OR boy OR boys OR boyfriend

OR boyhood OR girl* OR kid OR kids OR

child OR child* OR children* OR

schoolchild* OR schoolchild OR school

child[tiab] OR school child*[tiab] OR

adolescen* OR juvenil* OR youth* OR

teen* OR under*age* OR pubescen* OR

pediatrics[mh] OR pediatric* OR

paediatric* OR peadiatric* OR school

[tiab] OR school*[tiab] OR prematur* OR

preterm* OR PICU OR NICU)

([adolescent]/lim OR [child]/lim OR [infant]/

lim OR [newborn]/lim OR [preschool]/lim

OR [school]/lim)

APPENDIX A. : Search terms

The search terms combined patients (children) and the intervention (clonidine used for sedation). For the search term “children” in PubMed we

applied the validated search term of Leclercq et al.78
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