Abstract: In paediatric ambulatory care, the speed of medication infusion can have major impact on healthcare staff workload and the number of children able to be treated by services designed to reduce inpatient length of stay. In many regions of the world, local and/or supra-regional guidelines allow ceftriaxone infusions of ≥50mg/kg in infants and children up to 12 years of age to be given over 10 minutes. The generic European summary of product characteristics (SPC) for ceftriaxone does not state a specific infusion time for this dose range, although one manufacturers’ SPC in the United Kingdom states a 30 minute minimum infusion time. We conducted a formal service evaluation of a change in practice at a large UK paediatric children’s hospital and demonstrated the clinical feasibility, safety and high parent satisfaction of 10-minute ceftriaxone infusions for prescribed doses ≥50mg/kg. This approach can improve patient flow within hospital based ambulatory services as well as by community nursing teams administering antibiotics at home. 


Introduction
Ceftriaxone is the most commonly used intravenous antibiotic in children being ambulated from hospital in the UK.(1, 2) In a one year period between 1st October 2018 and 30th September 2019, 1029 children had 3081 doses of ceftriaxone at our hospital. The current UK summaries of product characteristics (SmPC) state that doses of ≥50mg/kg in infants and children up to 12 years of age should be administered as an infusion (60 minute infusion in neonates) although slow intravenous push may be used in people over 12 years of age.(3, 4) However, it is common practice in other countries, including the USA and Australia (5, 6), to give doses of ≥50mg/kg over a shorter period and doses of 100mg/kg have been given over 10-15 mins in clinical trials involving children with no adverse effects.(7) In the UK meningococcal epidemic in the mid 1990s, emergency care and intensive care clinicians regularly used slow IV push to deliver the first dose of 80 mg/Kg ceftriaxone, but SmPCs from this era are no longer available.  We recognised that administering ceftriaxone 80mg/kg (max 4 grams) would significantly improve the flow of patients though the secondary care ambulatory paediatric medical clinic, and feedback from parents suggested that they would prefer more rapid infusions of antibiotics.  As the current European Medicines Agency (EMA) SmPC  does not stipulate that doses ≥50mg/kg are given over 30 minutes (8), we received agreement from the hospital (NHS Trust) Drug and Therapeutics Committee and the children’s hospital governance committee to administer ceftriaxone 80mg/kg over 10 minutes in children being managed within our paediatric ambulatory out-patient parenteral antimicrobial therapy (pOPAT) service on the understanding that we kept a database of patients receiving this therapy and reported any serious clinical side effects to the internal governance committee. 
Methods
All children aged > 4 weeks of age managed on IV ceftriaxone within the ambulatory outpatient antibiotic (p-OPAT) service at a tertiary UK children’s hospital between March 2018-February 2019 were considered for 10-minute ceftriaxone administration. We included children up to and including 17 years of age as managed in the hospital paediatric clinical service. The routine ceftriaxone dose for all children was 80 mg/kg (max 4 grams) diluted to 50mg/ml in 0.9% saline as per local empirical antimicrobial guidelines and local administration practice respectively. A syringe driver was used to achieve the 10-minute infusion. Children excluded from receiving ceftriaxone over 10 minutes included all specific ceftriaxone infusion contraindications, specifically the receipt of Hartmann’s solution, parenteral nutrition or any other calcium-containing solution in the preceding 24 hours; or severe/life-threatening allergy to ceftriaxone. Those with a non-severe penicillin allergy receiving ceftriaxone for the first time were also given the drug via 30 minute infusion. All antibiotic doses were administered as per usual clinical practice, by pOPAT specialist nurses. Observations (temperature, heart rate and respiratory rate) were measured 10 minutes before and 10 minutes after the infusion as per routine practice. The local Drug and Therapeutics Committee asked that the clinical team a) record any systemic symptoms or side effects (SE) during the infusion and within 10 minutes of infusion completion were recorded; and b) provide all parents/carers with written and verbal explanation about the faster infusion change in practice. This formal hospital committee also agreed that specific ethics committee approval was not required. Parent/carer feedback was collected throughout the period of this service evaluation, as is routine for all patients managed directly by the paediatric antibiotic stewardship team. 
Results
We administered a total of 213 10-minute ceftriaxone 80mg/kg (max 4 grams) infusions in 159 children. (Table 1, median age 3 year, IQR 1-8 years, range 4 weeks to 17 years). 
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Table 1. 

Most doses were administered via a peripheral cannula (n=155, 73%), with the remainder administered via a percutaneous intravenous central catheter (n=22), Hickman line (n=10) or portacath (n=6). There were no episodes of phlebitis or extravasation injuries.
193 (90.6%) of the 10-minute doses were successfully administered. 26 (12.2%) of doses were associated with side effects, all of which might be expected according to the SmPC.(3, 4) 22 children experienced pain at the infusion site and 4 had nausea and/or vomiting. 20 administrations (9.4%) were not completed within 10 minutes. Of these, 19 patients experienced pain at the IV cannula site (median 5 years, IQR 2.5-6 years) which was resolved by slowing the infusion to between 15 and 30 mins. One 17 year-old patient vomited –which was resolved by slowing the infusion to 30 minutes. No drug side effects required any other clinical intervention apart from slowing of the infusion. There were no clinically significant abnormal observations beyond those present at the start of infusions.  
Parent/carer feedback
All families were sent a questionnaire by post within 7 days of completing their course of IV ceftriaxone.  83 responses out of 159 were received (52%) and all were reported back to the local Drug and Therapeutics Committee. 73 (88%) felt that the infusion over 10 minutes was better compared to 30 minutes and 9 (11%) felt that administering the ceftriaxone over 10 minutes was no different to a 30-minute infusion. The questionnaire and Some a selection of free text comments from parents about the 10 minute infusions are shown below: are presented as Supplemental Digital Content.
Positive
“Much better than over 30 minutes as less worrying and less stressful”
“So much better, easier for child, better experience”
“So much nicer for my daughter, a lot quicker. Fantastic”
“My son was 4 months while having antibiotics so 10-minute infusion was ideal”
“It takes less time but gives same result then that’s a good thing”
“This is so much more suitable, as my child finds it hard to sit for that long especially where he is unwell himself”
“Better time wise for hospital and patient, especially of no difference in reaction for little one” 
“Much better was so much better for a baby as didn’t have to keep arm still for too long and he was not so fidgety in the shorter time” 
Indifferent
“Both were not overly comfortable”
“If it takes less time and gives the same results then that’s a good thing”
Negative
“My daughter found it much more unpleasant over 10 minutes. 30 minute infusion wasn’t as distressing as the 10 minute one”
Discussion
Despite guidelines in other countries (5, 6), there are no published data demonstrating the safety of administering an infusion of ceftriaxone 80mg/kg over 10 minutes in children. Evaluation of our change in practice to that used in other global geographical regions suggest that this approach is well tolerated in the majority of children and is associated with improved parent/carer satisfaction. There were no safety concerns in any recipients of the 10-minute infusion. Although approximately 15% administrations (22 of 155) given via a peripheral cannula were associated with mild pain at the infusion site, these were overcome by slowing the infusion. Overall, 149 out of 159 children (94%) received only one or two doses of drug. The administration of ceftriaxone ≥50mg (up to 80mg/kg) over 10-minutes is therefore likely to improve patient flow within the emergency room and hospital based ambulatory services as well as by community nursing teams administering antibiotics at home, enabling a greater number of children to be managed. This approach could therefore also be used for in-patients, reducing the time that children need to be connected to an IV infusion, with reduced infusion times associated with high rates of parent/carer satisfaction. Clinicians may wish to use these data to develop institutional or regional guidelines appropriate to their own clinical setting.
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