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			Summary

			Medication errors represent a threat to patients of all ages. Errors occur more frequently with children than with adults because age-group-speciﬁc features must be considered, an individual calculation of the dose will be necessary, and the emergency team cannot be familiar with the dose to be administered. Especially in emergency situations, it is necessary to administer drugs holding a high potential for life-threatening complications within a short period of time. Even the wrong placing of a comma when calculating a dose of epinephrine might easily result in a life-threatening tenfold error. Preclinically, it is often impossible to provide specialised paediatric emergency teams. This article analyses the process of drug administration with the typical pitfalls, presents successful interventions and the recommendations of the S2k guidelines on medication safety in paediatric emergencies coordinated by the Association of the Scientiﬁc Medical Societies in Germany (AWMF).

			Introduction

			The World Health Organization (WHO) ranked medication errors due to injectable drugs as number one on their list of the five most significant safety-relevant topics in medicine (“High5s”) [1]. Children are particularly at risk of medication errors in emergency situations, because, for them, an individual dose must be calculated and a “typical” dose simply does not exist [2]. Serious errors are not of rare occurrence and are life threating, for example, in case of epinephrine used for resuscitation [3,4].

			
				
					
				
				
					
							
							Case Report in Brief 

							An emergency rescue service was called to the home of an 8-month-old infant whom the parents found lifeless in its bed. Bag-mask ventilation was successful, pulses were palpable under chest compressions. The emergency physician succeeded in inserting an intraosseous needle and gave three administrations of 2 mg epinephrine each. Resuscitation failed. The emergency physician’s protocol did not state the child’s body weight, a forensic pathology inquiry later revealed a measured weight of 8 kg.

						
					

				
			

			

			Safety Culture

			The case described above originates from the data acquired in the scope of a nationwide study on the improvement of medication safety in paediatric emergencies owing to the support of a length-related dosing aid [5]. The most important statement in this context is that errors do happen, which is not meant as a reproach to the medical practitioner but is a central elementary prerequisite for any improvement of patient safety (“to err is human”) [6]. It is not enough to be aware of the general principle. Instead, it must be very concretely accepted by every single medical practitioner, because only by accepting one’s own fallibility can the implementation of safety structures be assured. The traditional claim made by people outside the system and by the physicians themselves on their alleged infallibility is still an existing problem [7]. The inconsistent acceptance of individual fallibility is identifiable in the literature [8]. For example, experienced physicians less often allowed themselves to be assisted by a simple chart when they dosed emergency medications and continued to make serious mistakes, compared to inexperienced or medical students who applied doses without errors by using the chart [9]. 

			
				
					
				
				
					
							
							NOTE

							Humans make mistakes and a complex system such as medicine should be adapted in a way that makes it easy to make the right decisions, and hard to make mistakes.

						
					

				
			

			

			Standard operating procedures (SOPs) and checklists help to standardise processes and thus avoid errors as early as during a stage of preparation. In addition, they make essential pharmacotherapy information visible for the entire team. Regular trainings in simulations, which include these SOPs and checklists, will improve the chances of a safe and error-free realisation. All initiatives designed to improve drug safety should concentrate on building and / or reinforcing the safety culture and enhancing the competence of the team responsible for treatment. However, care must also be taken to achieve a high level of acceptance in practice. This can only be reached if the recommendations and specifications do not overtax the users [10], are adapted sensitively to the situation, and give users the opportunity to initiate reasonable modifications and optimisations [11].

			Incidences

			In the case reported, an epinephrine dose of 250 µg / kg had been administered, hence 25 times more than the recommended dose of 10 µg / kg body weight. A tenfold higher dose corre­­s­ponds to a tenfold-error, which is already life-threatening [3,4].

			
				
					
				
				
					
							
							CAUTION

							An overdose of epinephrine might be life-threatening.

						
					

				
			

			

			In prehospital treatments in the USA, incorrect drug doses were documented in every third drug administered and in 60 % of all cases when epinephrine was the drug administered [12]. In this and one other study from Germany, the aver­age overdose of epinephrine exceeded the recommended dose by a factor of eight [5]. A tenfold-error was prescribed and prepared in 3 % of cases also in the scope of simulated resuscitation scenarios in a paediatric emergency room [13]. In summary, children are regularly endangered by medication errors.

			The New Guideline, Objectives and Implementation 

			A group of 22 experts from 15 professional societies, professional associations and advocacy groups appointed and coordinated by the German Society of Paediatrics and Adolescent Medicine (DGKJ) has released recommendations in a formal consensus based on available evidence in order to improve the quality of pharmacotherapy and thus patient safety in cases of paediatric emergencies [14]. They also identified threats and mechanisms which arise from special paediatric conditions or might lead to medication errors in paediatric emergency situations. More important yet, however, is that many actions could be recommended, most of which are applicable at short notice and with simple means and increase patient safety in paediatric emergencies. The guideline can be downloaded free of charge in versions of various detailedness from the AWMF website (S2K-LL Reg.-No. 027 – 071; www.awmf.org). 

			Qualification, Training and Increase of Vigilance 

			The qualification and professional training of the staff, particularly their paediatric expertise as well, will naturally have a positive influence on the quality of the medication. However, demanding as a consequence that every provider of paediatric emergencies must possess paediatric expertise is not feasible. But a staff with no background in the field will also be capable of treating children safely in acute situations if well prepared. This requires, above all, clear, simple recommendations for action, the knowledge and use of aids as well as training of simulation scenarios [15]. Training and advanced training courses should be implemented as an integral part of any overall concept [16 – 27]. This was also revealed in studies in which inspecting the prescribers as the sole measure resulted in making less mistakes. It was not even crucial whether the inspector had stood nearby [28] or whether an “invisible” inspection had been carried out [29]. In either case, it may be assumed that the prescribers were merely more vigilant in their prescriptions. Therefore, apart from the immediate learning effect of trainings, surely an increased vigilance for the sensitive subject of medication safety will have a very central role to play.

			
				
					
				
				
					
							
							NOTE

							Training courses on medication safety for children will increase the know-ledge and the vigilance of the prescribers.

						
					

				
			

			

			The Importance of Body Weight

			The case presented also shows how important it is to know and consider the weight of a child during its treatment. In a major city in Germany, only 0.5 % of all emergency physician protocols documented the body weight of children who had received intravenous medication [5]. This was surely partly due to the circumstance that the emergency physician protocols used almost everywhere in Germany only rarely offered a field for making an entry of body weight. In the major city mentioned above, a field to enter a body weight was included in the protocol 10 years ago, whereupon the rate of weight documentations has risen to 30 % [30]. 

			
				
					
				
				
					
							
							NOTE

							A safe medication in paediatric emergencies begins with the registration or the length-related estimation of the body weight.

						
					

				
			

			

			In addition, a bundle of measures had been continuously implemented. The rate of false doses displaying deviations of more than 300 % from the recommended dose decreased by 55 % for all drugs examined, and by 78 % for epinephrine [30]. This shows that an improvement of drug safety which actually reaches the child is possible and that paying more attention to the child’s body weight can make a significant contribution to that end. If the body weights are wrong, overdosing and underdosing will be inevitable consequences. 

			Body Weight Estimations and Length-related Dosing Aids 

			As confirmed by a meta-analysis, a weight reported by the parents as being known should be used (not one which has been estimated upon request). Otherwise, length-related estimations are superior to those related to age [31] and pertinent systems should be available [32]. Another important advantage of length-related weight estimations is that they allow for determining the normal weight, a practicable approximation to the ideal weight which is perfect for emergency medications, but difficult to calculate. 

			
				
					
				
				
					
							
							CAUTION

							The dosage of drugs which have a narrow therapeutic range (e. g. sedatives and analgesics) relative to a measured weight might be the cause of overdoses in case of adiposity and should therefore be oriented to the ideal weight.

						
					

				
			

			

			Using such length-related systems, which also offer drug dosages in addition to the weight estimations, is especially recommended in the prehospital sector [32]. They prevent calculation errors and make suggestions for the right sizes of materials (e. g. ventilation masks, laryngeal masks, endotracheal tubes, etc.).

			The weight of a child is mostly known in the inner-hospital setting. Emergency plans adapted to the child’s weight should nowadays be used without exception at paediatric wards. The doses should not only be reported in mg for weight-related doses, but also the applied volume should be reported in ml of the respective clearly defined drug concentration. For reasons of clarity, the selection of the drugs in such an emergency plan should be limited to the most urgent and time-critical emergency medication (resuscitation, emergency narcosis including relaxation, arrhythmias). 

			Prevention of Overtreatment 

			It happens that children may receive a stronger drug therapy than absolutely necessary due to their actual situation. For example, external circumstances might tempt an overtreatment, for example, the kind of the planned transportation. A “protective intubation”, hence an intubation which is not acutely necessary but considered on account of the prevailing circumstances might result in death or most serious incapacities due to arising complications. The guideline therefore encourages to avoid “overtreatment” by exploiting supportive actions and improving the external circumstances. Conversely, this does not mean that “undertreatment” should be generally encouraged but – in difficult situations and in case of children with serious underlying diseases – it will actually be safer to avoid a too strong impact on vital functions due to analgesics or sedatives. 

			
				
					
				
				
					
							
							NOTE

							Sometimes “doing nothing as much as possible” might be the right decision (“primum non nocere”).

						
					

				
			

			

			Particularly children with sleep apnoea due to severe obstructions of the upper respiratory tract, limited muscular strength or serious neurological development impairments are highly at risk of suffering severe complications from treatment procedures which are normal for other children [33–35]. An appropriate hospital has experience with children with serious basic diseases and possesses the special instruments needed. Prehospital treatment can therefore not always proceed on the same safety level as in a hospital, for example, as far as the airways are concerned. As a rule, all children who receive medication with a potential impact on vital functions – and especially those with serious un­derlying diseases – must be closely monitored, at least with pulse oximetry and an electrocardiogram. 

			The guideline group also agreed that support of the child by reference persons would have a highly positive impact on the child’s self-perception and on limiting the situational stress intensity, due to the usually strong bond they have with the child. For example, the administration of sedatives can often be avoided in the comforting presence of a reference person and there is even a demonstrable effect on pain perception [36]. An age-adequate position (e. g. warm, soft and spatially limited) can also produce a positive effect. To be more specific, for example, a child with strained breathing sitting in the lap of its mother, who holds an oxygen mask might possibly be stable for transport, whereas when strapped down and fixated on a stretcher without the mother, the resulting excitement might induce decompensation. Yet it was not possible in the scope of a guideline to formally recommend a deviation from the rules of securing patients during transport, despite the fact that the legal situation (Art. 21a STVO Sect.1 No. 5) permits a deviation in case of necessary medical treatment. The legal responsibility for transport lies with the driver of the vehicle. 

			
				
					
				
				
					
							
							NOTE

							Against the backdrop of a considerable medical advantage and in the sense of increasing patient safety, the most favourable transport modality should be discussed with the vehicle driver in each individual case.

						
					

				
			

			

			Calculations

			The correct weight-related dosage in paediatric patients is almost without exception not comparable with the dosing of adults and to some extent varies considerably among different paediatric age groups. For this reason, the prescribing caregiver should either know or, at least, be able to reliably determine the right body-weight-related dosage of the emergency medication for the individual patient, for example, by taking a look into the summary tables of the guideline or the “Children’s Formulary” (see Chapter “Off-label Use”). 

			The underlying calculation of the dose is the step in the pharmacotherapy of paediatric emergencies in which lifethreating errors most frequently occur. For example, tenfold-errors occur on a regular basis [2]. However, it is remarkable and positive that by a systematic literature search one may come to the conclusion that all measures which reduce the cognitive requirements also reduce the rate and intensity of dosage errors [37]. 

			Simulations revealed that just using a simple table can prevent 66 % [9] and 90 % [38] of all tenfold-errors when epinephrine is used for resuscitation. In a study on “real” prehospital paediatric emergency treatments, a length-related system with dosage recommendations prevented errors with deviations of more than 300 % in 9 out of 10 cases [5].

			
				
					
				
				
					
							
							CAUTION

							Due to the considerable risk and the chance to improve safety, dangerous medications (e. g. epinephrine, analgesics) should never without prior reassurance be administered by a supporting system.

						
					

				
			

			

			The overdose in the case report presented could also have been prevented this way. An easy and quick look into a table or ruler will increase the safety of patients. One example of such a useful tabular aid used in a paediatric emergency is shown in Figure 1. 

					
			
				
					
				
				
					
							
							Figure 1
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							„Pädiatrische Notfallkarte“, © F. Hoffmann und O. Heinzel, ÄLRD Bayern (www.aelrd-bayern.de/images/stories/pdf/rda/6.2_Empfehlung_Pädiatrische_Dosierungshilfe.pdf).

						
					

				
			

			

		

			Communication structure

			Information could get lost during the transmission of the prescription, or transmission errors might occur. Both setbacks can be remedied by standardising and confirming the receipt of the transmission [11,37]. The transmission of a prescription should proceed in writing, if possible, preferably on a standardised sheet [39–41]. This particularly applies to prescriptions with a high risk potential (e. g. potassium, catecholamines, insulin, epinephrine). Oral prescriptions in emergency situations should be done in a structured manner and repeated and confirmed by everyone involved. The amount of each drug to be administered must always be stated. If experienced staff are familiar with the current medical situation, it will suffice only to state the name of the drug and the intended dose application [11]. The person in charge of administration repeats the name of the drug and the dose to be administered (“closed-loop” communication). 

			
				
					
				
				
					
							
							NOTE

							Only after all team members have signalled their consent (“closed-loop“ communication) that everything is correct, should the medication be administered.

						
					

				
			

			

			Approximately 70 – 80 % of all medical incidents do not result from medical ignorance, but from insufficient team performance. This has been known for over 20 years (“To err is human” [6]). Reasons for this could be, for example, communication deficits or a wrong role behaviour or a misunderstanding [42]. Each team member should always have the chance to express doubts about the prescriptions (“speaking up”) [6]. Prior to each drug administration, all involved must observe the 5-R Rule with high vigilance and equally.  

			
				
					
				
				
					
							
							5-R Rule 

							→ Right patient?

							→ Right medication?  

							→ Right dose?

							→ Right time? 

							→ Right route of application?

						
					

				
			

			

			A good communication structure should be practically trained on a regular basis (for example, in simulations). It should also be established in clinical routine apart from emergency situations, which extremely increases the probability that it will then be applied in emergency situations as well. Critical Incident Reporting Systems (CIRS) are an important component of communication and should enable an anonymous report of critical incidents. These reports must be discussed constructively by an interdisciplinary expert group and solution proposals elaborated. A CIRS should be an established standard in every medical facility by now. 

			Sorting and Labelling of Medication 

			Confusions when selecting the right medication might happen especially when names sound similar or ampoules look alike (“sound-a-like” and / or “look-a-like”; collectively abbreviated as SALA). Especially unfavourable in this regard is when easily confusable medications are stored closely together, hence confusions might be caused only by a slightly changed grip into an ampullary. If alternative options exist, similar sounding or similar looking drugs should be avoided or, at least, be kept distinctly separated at their place of storage. Each medication should have its own clearly defined place of storage (e. g. in an ampullary or solid case). If sufficient space is available, any medication with a high potential of hazard or confusion should be sepa­rated as clearly as possible. 

			Preparation of Medication 

			As a rule, dilutions should be avoided whenever a precise and safe application of an undiluted solution is possible. In many cases, a precise application of the undiluted injection solution can be done by using small syringes (e. g. 1 ml syringe with 0.01ml scale). Afterwards sufficient rinsing, e. g. with a 0.9 % NaCl solution, must be ensured. 

			Another possibility to avoid own dilutions is the use of pharmaceutically preloaded syringes (“ready-to-use syringes”) for which there is now an increasing supply in Germany. For example, there are epinephrine (adrenalin) syringes for resuscitation with a concentration of 100 µg / ml, used nearly everywhere in Germany and otherwise only to be obtained by dilution, available in a total volume of 10 ml. Should dilution be inevitable, then a clear instruction should be available for its preparation. The target syringe containing the medication must be immediately labelled, using labels which conform with ISO 26825 and also indicate the concentration of the solution [43]. The calibration scale should not be pasted over, so that the exact application of the desired volume is not hindered. The intended target concentration should be chosen in such a manner that any further calculations and dosages can be done as easily as possible (e. g., 1, 10 or 100 units per ml). 

			When preparing a drug for intramuscular (IM) administration, the syringe should be emptied to such an extent that only the total amount to be administered shall remain in the syringe. For the technical handling of an IM injection with a puncture angle perpendicular to the body surface and thumb operation of the plunger provides a worse condition for the controlled forward movement of the syringe’s plunger and increases the probability of an accidental administration of a too large volume.

			“Off-label Use”

			The guideline group also felt strongly about formulating a clear statement on “off-label use” in paediatric emergency medicine. Many drugs which had been applied successfully and without causing problems in paediatric and adolescent medicine for years have no formal marketing authorisation, despite the fact that many years of clinical experience and evidence for their safe use has been documented in the literature. Representative for the entirety of paediatrics, only 46 % of all significant drugs in the USA had a formal authorisation for paediatric use in 2021 [44]. When it comes to neonatology, this rate is considerably lower and ranges at about 20 % [45]. All previous political efforts to improve this situation remained without relevant success, for which reason no change of the status quo is to be expected in the near future. 

			Irrespective of their authorisation status, for many drugs there is comprehensive evidence which documents their effective and safe application to children. In many cases, these drugs are even considered to be the first choice in certain indications and patient groups. One example for this is fentanyl which is formally approved only for children of 2 years of age and older [46], but for decades has been the opioid most often used in neonatology for analgosedation worldwide [47]. Pharmacokinetic data and valid dosage recommendations are even available for both premature and full-term babies [48,49], but they never have been used in a marketing authorisation. 

			Consequently, as for the prehospital and inhospital treatment of paediatric emergency cases, therapy decisions should be based on scientific evidence and experience and not depend on the authorisation status alone. An “off-label use” is neither improper, illegal nor contraindicated, but may represent the best possible therapy for many cases. The “off-label use” should be discussed with the persons having care and custody of the children. Those who apply emergency medication to children and adolescents, especially in “off-label use”, should seek information on the current safety instructions released by pharmacovigilance early in time (e. g., Red Hand Letters, Newsletters of the Drug Commission of the German Medical Association (AkdÄ), the Bulletin of the German Federal Institute for Drugs and Medical Devices, BfArM).

			
				
					
				
				
					
							
							NOTE

							A fundamental renunciation of “off-label use” puts children at risk and makes appropriate treatment impossible.

						
					

				
			

			

			In a project financed by the Federal Ministry of Health, a European harmonised database was created on the foundations of the best possible evidence as a ref­er­­ence for dosage recommendations. It can be retrieved free of charge at www.kinderformularium.de and is continually updated. Its intention is to improve drug therapy in children and adolescents, harmonise dosage recommendations nationwide and worldwide, and make information easily accessible and free of charge to users [50]. In the guideline, excerpts of the information gathered here have been summarised in tables for the most important emergency medi­cations.

			Annotation

			This special publication is based on the recommendations of the S2k Guideline “Drug Safety in Paediatric Emergencies” which has been published under AWMF Registration No. 027 / 071 in March 2021 on the website of the AWMF (www.awmf.org). A matching representation of the guideline’s content has also been published in the association journal of the German Society of Paediatrics and Adolescent Medicine (Deutsche Gesellschaft für Kinder- und Jugendmedizin, DGKJ), the “Monatsschrift Kinderheilkunde“ [Paediatrics Monthly Letter] cited as follows: Kaufmann, J., Neubert, A., Hoffmann, F. et al. Wichtige Aspekte zur Medikamentensicherheit bei Kindernotfällen. Monatsschr Kinderheilkd (2021). https: /  / doi.org / 10.1007 / s00112-021-01328-0. © 2021, Springer Medizin Verlag GmbH, a part of Springer Nature. All rights reserved. Reprinted with kind permission. 
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Special Articles

S2k Guideline “Drug

Safety in Paediat
Emergencies” - tips for
practical application

Summary

Medication errors represent a threat to
patients of all ages. Errors occur more
frequently with children than with adults
because age-group-specific features must
be considered, an individual calculation
of the dose will be necessary, and the
emergency team cannot be familiar with
the dose to be administered. Especially
in emergency situations, it is necessary to
administer drugs holding a high potential
for life-threatening complications within
a short period of time. Even the wrong
placing of a comma when calculating a
dose of epinephrine might easily result in
a life-threatening tenfold error. Preclin-
ically, it is often impossible to provide
specialised paediatric emergency teams.
This article analyses the process of drug
administration with the typical pitfalls,
presents successful interventions and the
recommendations of the S2k guidelines
on medication safety in paediatric emer-
gencies coordinated by the Association
of the Scientific Medical Societies in
Germany (AWMF).

The World Health Organization (WHO)
ranked medication errors due to injecta-
ble drugs as number one on their list of
the five most significant safety-relevant
topics in medicine (“High5s”) [1]. Chil-
dren are particularly at risk of medication
errors in emergency situations, because,
for them, an individual dose must be
calculated and a “typical” dose simply
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does not exist [2]. Serious errors are not
of rare occurrence and are life threating,
for example, in case of epinephrine used
for resuscitation [3,4].

Case Report in Brief
An emergency rescue service was
called to the home of an 8-month-old
infant whom the parents found lifeless
in its bed. Bag-mask ventilation was
successful, pulses were palpable under
chest compressions. The emergency
physician succeeded in inserting an
intraosseous needle and gave three
administrations of 2 mg epinephrine
each. Resuscitation failed. The emer-
gency physician’s protocol did not
state the child’s body weight, a foren-
sic pathology inquiry later revealed a
measured weight of 8 kg.

Safety Culture

The case described above originates
from the data acquired in the scope of a
nationwide study on the improvement of
medication safety in paediatric emergen-
cies owing to the support of a length-re-
lated dosing aid [5]. The most important
statement in this context is that errors
do happen, which is not meant as a re-
proach to the medical practitioner but is
a central elementary prerequisite for any
improvement of patient safety (“to err is
human”) [6]. Itis not enough to be aware
of the general principle. Instead, it must
be very concretely accepted by every
single medical practitioner, because only
by accepting one’s own fallibility can

1 Children’s Hospital Cologne

2 Faculty for Health, University Witten/
Herdecke

3 University Hospital Miinster

4 Auf der Bult Children's Hospital, Hanover

5 In addition to the authors mentioned:
Prof. Dr. med. Wolfgang Rascher, Prof.
Dr. rer. nat. Antje Neubert, Dr. med.
Martin Krebs, Prof. Dr. med. Robert
Schwab, Dr. med. Florian Reifferscheid,
Bianka Résner, Dr. med. Reinhold Merbs,
Dr. med. Hubert Radinger, Lothar Ullrich,
Prof. Dr. med. Karl-Peter litner, Dr. med.
Philipp Jung, Prof. Dr. med. Johannes
Winning, Marco K. Kéinig, Frank Flake,
Priv.-Doz. Dr. med. Florian Hoffmann,
Julia Rebbert, Dr. Annette Mund

Conflict of interest

Priv.-Doz. Dr. Jost Kaufmann holds a Europe-
wide patent for the development of the
Paedriatic Emergency Ruler (PaedER; www.
notalllineal.de), however, relinquished any
right of compensation for its marketing. The
other authors report of having no conflict of
interest.

Keywords

Medication Errors — Prehos-
pital Paediatric Emergency
Care — Patient Safety — Weight
Estimation — Off-label Use





OEBPS/image/Jost_Kaufmann_fmt.png





