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SUPPLEMENTARY APPENDIX 1
The full search strategy and other information sources.

Table S1. Medline (Ovid) & EMB Reviews (Cochrane Database of Systematic Reviews and Methodology Register, Database of Abstracts of Reviews of Effects and Health Technology Assessment) 
	# 
	search phrase/keywords 

	#1 
	pediatr* OR peadiatr* OR infant* OR neonat* OR newborn* OR bab* OR toddler* OR child* OR adolescen* OR teen* OR youth* 

	#2 
	"decision support" OR "electronic health record*" OR "electronic medical record*" OR "order entry" OR "electronic prescri*" OR CDS* OR CPOE* 

	#3 
	"-based dose*" OR "dos* range check*" OR "safe* dos*" OR "dos* regimen*" OR "dos* guideline*" OR "dos* adjustment*" OR "dos* limit*" 

	#4 
	"patient harm" OR "patient safety" OR "risk management" OR "risk evaluation" OR "medication safety" OR "drug safety" 

	#5 
	((medic* OR prescri* OR drug* OR dos*) adj4 (erro* OR incorrect OR inaccurate* OR inappropriate OR wrong OR issue* OR risk OR event* OR incident* OR mistake* OR mishap*)) OR "overdos*" OR "over prescrib*" OR "high dose level*" OR "excess* dos*" 
OR "fold error*" 

	#6 
	#3 OR #4 OR #5 

	#7 
	#1 AND #2 AND #6 

	#8 
	limit #7 to English language 

	#9 
	limit #8 to yr="2006 -Current" 


Results: 1679 (1172 from October 25 2021,181 from January 13 2022 and 326 from September 10 2023)
Table S2. Scopus 
	# 
	search phrase/keywords 

	#1 
	TITLE-ABS-KEY (pediatr*  OR  peadiatr*  OR  infant*  OR  neonat*  OR  newborn*  OR  bab*  OR  toddler*  OR  child*  OR  adolescen*  OR  teen*  OR  youth* ) 

	#2 
	TITLE-ABS-KEY ( "decision support"  OR  "electronic health record*"  OR  "electronic medical record*"  OR  "order entry"  OR  "electronic prescri*"  OR  cds*  OR  cpoe* ) 

	#3 
	TITLE-ABS-KEY ( "-based dose*"  OR  "dos* range check*"  OR  "safe* dos*"  OR  "dos* regimen*"  OR  "dos* guideline*"  OR  "dos* adjustment*" OR "dos* limit*" )  

	#4 
	TITLE-ABS-KEY ( "patient harm"  OR  "patient safety"  OR  "risk management"  OR  "risk evaluation"  OR  "medication safety"  OR  "drug safety" ) 

	#5 
	TITLE-ABS-KEY ( ( ( medic*  OR  prescri*  OR  drug*  OR  dos* )  W/3  ( erro*  OR  incorrect  OR  inaccurate*  OR  inappropriate  OR  wrong  OR  issue*  OR  risk  OR  event*  OR  incident*  OR  mistake*  OR  mishap* ) )  OR  "overdos*"  OR  "over prescrib*"  OR  "high dose level*"  OR  "excess* dos*"  OR  "fold error*" ) 

	#6 
	#3 OR #4 OR #5 

	#7 
	#1 AND #2 AND #6 

	#8 
	#7 AND filters: from 2006–2023, English 


 Results: 2424 (1982 from October 25 2021,24 from January 13 2022, 418 from September 10 2023)




Table S3. Web of Science
	# 
	search phrase/keywords 

	#1 
	TS=(pediatr* OR peadiatr* OR infant* OR neonat* OR newborn* OR bab* OR toddler* OR child* OR adolescen* OR teen* OR youth*) 

	#2 
	TS=("decision support" OR "electronic health record*" OR "electronic medical record*" OR "order entry" OR "electronic prescri*" OR CDS* OR CPOE*) 

	#3 
	TS=("-based dose*" OR "dos* range check*" OR "safe* dos*" OR "dos* regimen*" OR "dos* guideline*" OR "dos* adjustment*" OR "dos* limit*") 

	#4 
	TS=("patient harm" OR "patient safety" OR "risk management" OR "risk evaluation" OR "medication safety" OR "drug safety") 

	#5 
	TS=(((medic* OR prescri* OR drug* OR dos*) NEAR/3 (erro* OR incorrect OR inaccurate* OR inappropriate OR wrong OR issue* OR risk OR event* OR incident* OR mistake* OR mishap*)) OR "overdos*" OR "over prescrib*" OR "high dose level*" OR "excess* dos*" 
OR "fold error*") 

	#6 
	#3 OR #4 OR #5 

	#7 
	#1 AND #2 AND #6 

	#8 
	Refined By: Publication Years 2006–2023 

	#9 
	Refined By: Languages English 


Results: 887 (733 from October 25 2021,19 from January 13 2022 and 135 from September 10 2023)

In addition to the final included studies (n=17) the following systematic reviews (n=6) were also manually searched by one reviewer and reviewed by two independent reviewers (third independent reviewer when consensus was needed) for relevant publications:

· Gates PJ, Meyerson SA, Baysari MT, Westbrook JI. “The Prevalence of Dose Errors Among Paediatric Patients in Hospital Wards with and without Health Information Technology: A Systematic Review and Meta-Analysis.” Drug Saf, 2019; 42(1), 13-25. doi:10.1007/s40264-018-0715-6
· Koeck JA, Young NJ, Kontny U, Orlikowsky T, Bassler D, Eisert A. “Interventions to Reduce Medication Dispensing, Administration, and Monitoring Errors in Pediatric Professional Healthcare Settings: A Systematic Review.” Front Pediatr. 2021; 9:633064. doi:10.3389/fped.2021.633064
· Nguyen MR, Mosel C, Grzeskowiak LE. “Interventions to reduce medication errors in neonatal care: a systematic review.” Ther Adv Drug Saf. 2018; 9(2):123-155. doi:10.1177/2042098617748868
· Rinke ML, Bundy DG, Velasquez CA, et al. “Interventions to reduce pediatric medication errors: a systematic review” [published correction appears in Pediatrics. 2015; 136(3):583]. Pediatrics. 2014; 134(2):338-360. doi:10.1542/peds.2013-3531
· Stultz JS, Nahata MC. “Computerized clinical decision support for medication prescribing and utilization in pediatrics.” J Am Med Inform Assoc. 2012; 19(6):942-953. doi:10.1136/amiajnl-2011-000798
· Tolley CL, Forde NE, Coffey KL, et al. “Factors contributing to medication errors made when using computerized order entry in pediatrics: a systematic review.” J Am Med Inform Assoc. 2018; 25(5):575-584. doi:10.1093/jamia/ocx124

The grey literature was searched on January 18 2022 and it followed these results (n=0):
· ClinicalTrials.gov (www.clinicaltrials.gov) database (search terms used: clinical decision support, computerized provider order entry, pediatric, children; and clinical decision support, pediatric) provided 50 results, where three trials NCT00297609, NCT04911270 and NCT03079245 had relevant studies that were already included in the study material from the databases search. No new included studies, n=0.
· Websites of medication safety organizations: the Institute for Safe Medication Practices (ISMP), American Society of Health-System Pharmacists (ASHP), the National Coordinating Council for Medication Error Reporting and Prevention (NCC MERP), and Institute for Healthcare Improvement (IHI). One suitable study (​Porter et al. “Impact of patient-centered decision support on quality of asthma care in the emergency department.” Pediatrics. 2006; 117(1):e33-42) was found in the latter, but it was already included in the study selection from the databases search. No new included studies, n=0.

The manual search phase was conducted on January 18 and March 29 2022 and presented a total of 96 publications for abstract-screening, from which eight were included in the full text phase and in the end two (n=2) were included in the review.


Table S4. Eligibility criteria using the PICOS criteria (Straus et al. 2005; Brown et al. 2006)
	PICOS
	Inclusion
	Exclusion

	Participants
	Human patients aged under 18 years 
AND/OR patients treated in pediatric settings​. 
	Human patients 18-years-old or older treated in
other than pediatric settings​. 

	Intervention
	Hospital medication orders and/or outpatient prescriptions are done using CPOE 
system with CDS and the system is targeted to 
prevent and reduce wrong dose errors. ​ 
	Hospital medication orders and/or outpatient prescriptions are done without CPOE with CDS, 
and the system is not studied from the perspective of 
a wrong dose error prevention. ​ 

	Comparators 
	Not required, 
but on the pre-post studies, the pre-phase 
should be a period before implementation 
of a CPOE system with a CDS, 
or before the implementation of a CDS system, 
or before implementation of a CDS tool/tools 
modification. ​ 
	Any other comparator than what is 
mentioned in the inclusion criteria.

	Outcomes
	
  Different CDS tools and their effect in prevention of wrong dose errors are studied. ​ 
​ 
AND/OR ​ 
​ 
Measure of efficacy of different CDS tools will be measured by comparing the reduction in wrong 
dose errors (both near misses and actual errors). ​ 
	CDS tools (incorporated in a CPOE system) are mentioned briefly as a risk management tool but are not elaborated on in the publication from the perspective of wrong dose error prevention. ​
​

AND/OR ​
​
The publication is focused on:​
· An overdose caused by drug abuse. ​
· Incidence and treatment of adverse events caused by medicines with regular or overdose.​
· Treatment of poisonings. ​
· Effects of medicines on an unborn child. ​
· Treatment of opioid withdrawal syndrome​.
· Changes in antibiotic prescribing habits.​
· Vaccines​.
· Blood products. ​
· Medical imaging.​

	Study design
	[bookmark: _Hlk101518537]Peer-reviewed scientific original articles or case 
and short reports with all methods and research settings. ​ 
	Non-scientific publications or 
publications without peer-review and review articles.

	Other
	· English language. ​ 
· Full text can be accessed through the University of Helsinki or HUS Helsinki University Hospital network or free online​. 
· Studies published after 2006. ​ 
	· Other languages than English. ​ 
· Full text is not available. ​ 
· Studies published before 2006. ​ 


CPOE: computerized physician order entry; CDS: clinical decision support
Brown P, Brunnhuber K, Chalkidou K, Chalmers I, Clarke M, et al. “How to formulate research recommendations.” BMJ, 2006; 333: 804. doi:10.1136/bmj.38987.492014.94
Straus SE, Richardson WS, Glasziou P, Haynes RB. Evidence-Based Medicine, 3rd edition. Elsevier, Edinburgh, 2005.
Table S5. Main study characteristics from the extracted main data.
	Study (country, year)
	Setting
	Design
	Objective(s) and method(s)
	Intervention
	Comparison (N/A if not applicable)
	[bookmark: _Hlk105523171]Number of medication orders (n)
(N/A if not applicable)
	Main findings
	Limitations

	Balasuriya et al. (United States, 2017)
	A PICU and a pediatric cardiovascular ICU at tertiary children's hospital.
	PP
	To study prescription error rates and prescriber behavior before and after the intervention. Retrospective analysis.
	Implementation of an enhanced dose range checking system with alert functions for 600 medications.
	Period before implementation of a CDS system modification
	21083
(pre: 8601; 
post: 12482)
	Alert rates increased from 0.3% to 3.4% after intervention (P<0.001) and there was a statistically significant decrease in orders that were submitted unmodified and an increase in the number of orders that were reduced or canceled, preventing possible medication errors.
	Study groups were not directly comparable. The number of medications was larger in the enhanced dose range checking (DRC) system. Hard-stops and pharmacy input were included only in the enhanced DRC. Study duration was short.

	Del Beccaro et al. (United States, 2010)
	A tertiary care pediatric hospital.
	PP
	To determine the frequency and type of decision support alerts and to adjust the decision support tools to reduce the number of alerts.
Retrospective analysis.
	Adjusted decision support tools.
	Period before implementation of a CDS system modification
	138386
(in total of seven phases, ranging from 16820 to 20727)
	The percent of medication orders that triggered a dose range alert decreased from 23.9% to 7.4%. The relative risk (RR) for getting an alert was higher at the start of the interventions versus later (RR= 2.40, 95% CI 2.28-2.52; P<0.0001). Alerts decreased in all clinical areas without an increase in reported medication errors. Dosing alerts should be able to vary by setting.
	The CDS system had no hard-stops. Dosing alerts were not customized for setting. The provider types also include other than physicians. The percentage of reported errors decreased during the study period; Voluntary reporting tools do not capture all events.

	Ginzburg et al. (United States, 2009)
	Multiple outpatient family medicine clinics.
	PP
	To study the effect on the rate of prescribing errors of acetaminophen and ibuprofen (oral administration) orders.
Observations and retrospective analysis.
	Implementation of a weight-based prescribing method for acetaminophen and ibuprofen.
	Period before implementation of a CDS system
	540
(pre: 316;
post: 224)
	Significantly more medication errors were found after the intervention (46 versus 103, P=0.002) and fewer strength overdosing errors occurred (4.0% versus 8.9%, P=0.028).
	Only oral versions of the studied drugs were included and may leave some out. Significantly more patients in the preintervention group were age 7-12 months, were uninsured, and received a prescription for acetaminophen. More patients in the post-group had more medications ordered. The samples compared in the study were not equivalent, specifically in age and type of antipyretic prescribed. A convenience sample was used. The health record requires individual incorporation of the formula into each medication version; some versions may not have been included, and the provider may not have been “exposed” to the automatic weight-based dose calculation.

	Hashemi et al. (Netherlands, 2021)
	University tertiary children's hospital PICU.
	PP
	To assess the effect of a CDS system on protocol deviation (as measure of prescription error) types and frequency. Observations and retrospective analysis.
	A specific dosing CDS system integrated to the CPOE system.
	Period before implementation of a CDS system
	9342
(pre: 5034;
 post: 4308)
	A significant reduction was observed in the total number of protocol deviation per 100 prescriptions, from 0.89% pre-CDS to 0.49% post-CDS (p=0.02). The number of protocol deviations outside the recommended dosing limits significantly decreased from 0.74% pre-CDS to 0.39% post-CDS (P=0.03).
	The patients pre-CDS were significantly younger than in post-CDS. The prescribers and the class and experience of pharmacy technicians who reviewed the drug-order lists were not studied. There was a lack of a second rater and blinding in the study. Inter-rater variability could have influenced the identification of protocol deviations depending on the researcher that identifies them. Possible information bias. Prescriptions with drug doses that needed to be altered to the renal function were excluded.

	Hou et al. (Taiwan, 2013)
	A medical center (pediatric hospital outpatient setting)
	PP
	To evaluate the impact of the intervention on reducing pediatric dosing errors. Retrospective analysis.
	CPOE system with standardized pediatric dosing decision support (PDDS) function.
	Period before implementation of a CDS system
	152963
(pre: 72431;
 post: 80532)
	The final dosing error rate was significantly reduced from 2.23% to 0.66% (P<0.001). A 10-fold increase of the near miss correction rate (0.02% vs. 0.26%, P<0.001) was observed.
	The study periods might have been too short. The system requested physicians to re-enter weight information, but it was unable to ensure the accuracy of the data entered. The system provided warning to the prescribers but did not prohibit prescribing. A significant amount of inappropriate medication dosages were prescribed under physicians' awareness, either to avoid side effects, or were limited by available dosage forms.

	Kadmon et al. (Israel, 2009)
	A PICU in a major tertiary-care pediatric medical center
	PP
	To determine whether the intervention is effective in reducing prescription errors. Retrospective analysis.
	CPOE system with later-implemented weight-based dosage surveillance CDS and a mandatory prescription authorization for physicians (excluding over-the-counter drugs).
	Periods before CPOE, one year after CPOE, period after weight-based dosing CDS and period after a change in prescription authorization.
	5000 (1250/period)
	Overall, potential adverse drug events were reduced by 72% and prescription errors by 83%. There was a significant decrease of medication prescription errors (MPEs) after implementation of a CPOE with CDS (to 3.8%; P<0.05) and a dramatically significant decrease after prescription authorization (to 0.7%; P<0.0005), but new types of MPEs (the electronic signature errors) appeared.
	Underdosing could not be prevented by the CPOE. The focus of the study was on prescription errors and the study had a retrospective nature.

	
Kadmon et al. (Israel, 2017)
	A PICU in a tertiary, university-affiliated, pediatric medical center.
	PP
	To compare the prevalence of prescription errors at three years (2007) and at 11–12 years (2015 and 2016) after implementation of CPOE with a CDS. Observations and retrospective analysis.
	CPOE system with limited weight-based dosing CDS tool when new hospital departments and users were added, and the customization team changed.
	Period before implementation of a CDS system modification
	2500
(pre: 1250; 
post: 1250)
	The rate of prescription errors increased from 1.4% in 2007 to 3.2% in 2015 (P=0.03). Following revision of the CDS tools, prescription errors decreased to 1% in 2016 (P<0.0001). The potential adverse drug event rate dropped from 2% in 2015 to 0.7% in 2016 (P=0.006), and the medication prescription error rate, from 1% to 0.2% (P=0.01).
	Observational, interrupted time design, and the lack of a control group. Underdosing could not be prevented by the current CPOE system, as only upper dose limits could be set for each drug.

	Kazemi et al. (Iran, 2011)

	Neonatal ward (including NICU) at a tertiary-care referral teaching hospital.
	PP
	To investigate the effect CPOE and CDS systems on reducing medication dosing errors of antibiotics and anticonvulsants.
Retrospective analysis.
	CPOE with CDS system.
	Period before the intervention (CPOE with CDS), and period of the CPOE only
	7137
(period 1: 2728; 
period 2: 2350; 
period 3: 2059)
	Medication errors were significantly reduced to 34% after that the CDS was added to the CPOE (P<0.001). Dose errors were more often intercepted than were frequency errors. Overdose was the most frequent type of error.
	The results are not generalizable to adults. The same patient group over time was selected because it was not possible to divide patients or prescribers into two groups and set a control group. CPOE implementation is a systemic change that affects prescription flow on the ward. Since medication errors in this study showed a linearly decreasing trend from period 1 to 3, and there was not a control group, it is possible that the errors were reduced not only because of the warnings, but also due to the better performance of prescribers (training, Hawthorne effect). The CDS system could assess only those medications that were included in its knowledge-base.

	Killelea et al. (United States, 2007)
	Urban teaching hospital (both adult and pediatric patients).
	CS
	To determine physician acceptance of dosing and frequency decision support elements.
Retrospective analysis.
	CPOE with CDS for dosing or frequency.
	N/A
	54413
(27313 orders with CDS support)
	Of the orders with decision support, approximately one-third (8822/ 27313) were accepted exactly by prescribers. Of the 18491 remaining orders, 8708 were changed for dose, 2466 for frequency, and 7317 for both. Among the 18491 orders that were changed, the majority 11322 deviated by a substantial amount (>50%) from the total daily dose initially suggested by the decision support feature.

Unclear statistical significance.
	Some medications were missing dosing rules and therefore also dosing suggestions. No alerts when the patient's weight was missing. The impact of the system on the rates of medication errors and adverse drug events was not measured, and therefore it was not possible  to comment on the impact of the CDS system on error and injury reduction. No survey to the physician users of the system to determine whether they perceived value from the system. The patient population was disproportional (neonates). No determination whether the actual CDS systems doses and frequencies were clinically appropriate.

	Kirkendall et al. (United States, 2014)

	Children's hospital
	CS
	To develop database techniques for detecting and extracting large (>500%) and extreme (>10000%) overdose. To identify and characterize users' responses to these overdoses and to identify possible causes of large-overdose errors and to mitigate them.
Retrospective analysis.
	Implementation of a drug-dosing decision support rules database to a CPOE system.
	N/A
	5402504
	Eight percent of orders (5 402504) generated a visible alert, with one-quarter of these related to overdosing. Alerts presented to trainees had higher salience rates than those presented to senior colleagues. Salience rates were low, varying between 4-10%, and were lower with larger overdoses.

Unclear statistical significance.
	No access to data from the medication administration record or any data from the e-prescribing system on whether any of the ambulatory medication orders had been filled. Analysis of medication administration or ambulatory medication order fills were intentionally avoided so there was no direct information to suggest that any of these large doses ever reached a patient. One appropriate dosing alert in a batch of orders could erroneously fire an inappropriate alert for the rest of the orders, causing an inaccurate assumption of specific alert performance. Did not demonstrated a change to our system that decreases the alert overload.

	Neame et al. (United Kingdom, 2021)
	A regional specialist children's hospital
	PP
	To investigate the effects of dose range checking CDS software on overdosing-related outcomes.
Survey and retrospective analysis.
	Dose range checking CDS software linked to a pediatric drug formulary and integrated into an existing CPOE system.
	Period before implementation of a CDS system
	268415 
(pre: 131612;
post: 136803)
	The prescription overdosing error rate did not change significantly following the introduction of CDS software: after the intervention there were 9/684 (1.3%) prescription overdosing errors versus before 12/847 (1.4%), (n=21, Pearson I^2 value=0.028, P=0.868). There was a significant trend towards a reduction in the severity of harm associated with reported overdosing incidents (n=60, and Mann-Whitney U value=301.0, P=0.012). Prescribers reported that the intervention was beneficial.
	An uncontrolled before-after study design, due to a lower than anticipated baseline of overdosing errors and some missing data points. The incident reporting data were provided by hospital staff on a voluntary basis and so may not accurately reflect the total number of overdosing-related clinical incidents.

	
Perlman et al. (United States, 2011)
	Hospital for special surgery (both adult and pediatric patients).
	CS
	To quantify medication dosing errors, to evaluate provider response to the dosing alerts in a CPOE with CDS, and to identify differences in provider response based on clinician specialty. Retrospective analysis.
	CPOE with a CDS system customized for pediatrics.
	N/A
	18163
	Total of 1024 dosing alerts were fired. Overdosing of medications accounted for 91% of the alerts and underdosing 9%. The pediatric-trained providers ignored more alerts and canceled fewer orders than the non-pediatric-trained providers (P<0.001). The non-pediatric trained providers tend to cancel more orders after an alert has been triggered (2.57 greater probability). Both groups changed the order similarly based on CDS recommendations.
	Every medication order was not eligible for an alert. The report did not include provider information on all orders so it was unable to compare the overall alert rate between pediatric and non-pediatric providers. The effect of CPOE on medication errors or adverse drug events was not measured, so it is not possible to say whether the system reduced errors or harm. This study did not focus on alert appropriateness or provider response appropriateness but rather differences in alert response based on specialty. The study site is unique with a majority of patients having musculoskeletal disease.

	Scharnweber et al. (United States, 2013)

	A tertiary care pediatric hospital
	CS
	To evaluate the impact of dose alerts generated by a CPOE with CDS system on medication ordering. Retrospective analysis.
	CPOE with CDS system that provides dose range and informational alerts.
	N/A
	182308
	Six percent (11155) of orders or order attempts generated alerts: 73.4% (8187) of all alerts were dose range alerts, with a compliance rate of 8.5% (694) and 26.6% (2968) were informational alerts, with a compliance rate of 5.5% (163). The 8187 dose range alerts consisted of 6757 (82.5%) overdosing alerts, 1423 (17.4%) underdosing alerts, and seven (0.1%) combinations of overdosing and underdosing alerts. Informational alerts noting the absence of established dosing guidelines had little effect on provider behavior and should be avoided when building a dose range alert system.
	In this retrospective review of provider behavior in response to dose alerts, there was no information captured regarding medication dose errors or the rationale for non-compliance. Providers were not forced at the point of by-passing the alert to enter a reason, which would have improved our understanding significantly. The actual dose difference between the final ordered dose and the alerted dose could not be calculated because the dose triggering the alert could not be determined from the free text field. It was not possible to analyze the difference between the dose limit and the final ordered dose. Deviations in practice demanded by the underlying condition or variations in service practice may have resulted in a higher non-compliance rate compared to a community hospital pediatric service.

	Sethuraman et al. (United States, 2015)
	A pediatric emergency department in a children's hospital (level 1 trauma center).
	PP
	To test the hypotheses that the addition of the electronic medication alert system (EMAS, a CDS) to existing CPOE reduces the rate and severity of outpatient prescription errors. Prospective analysis of outpatient medication prescriptions
	Implementation of an EMAS to an existing CPOE system.
	Period before implementation of a CDS system
	14560
(pre: 7268; 
post: 7292)
	There was a significant reduction in the errors per 100 prescriptions (10.4 before vs. 7.3 after; absolute risk reduction = 3.1, 95% confidence interval [CI]=2.2 to 4.0). Drug dosing error rates decreased from 8 to 5.4 per 100 (absolute risk reduction = 2.6, 95% CI=1.8 to 3.4).
	Only a random sample of outpatient prescriptions were evaluated during the study period. It is possible that the overall error rate and the reduction would have been different if all prescriptions written during the study period had been studied. Potential unmeasured confounding variables or secular trends that might have contributed to the reduction in errors in the post-EMAS period were not accounted for. The number of the prescription errors that actually resulted in patient harm were not evaluated. Physician responses only to dose range checking alerts, and not for the other type of alerts, were evaluated. The reasons for the physicians’ responses to the alerts were not studied; as with the existing EMAS, physicians have an option of not providing this. None of the study personnel who reviewed the prescriptions for errors were blinded to the prescription date and hence may have been inherently biased, which may have influenced the error rate.

	Stultz et al. (United States, 2014)
	An academic pediatric tertiary referral center.
	CS
	To determine the sensitivity and specificity of a dosing alert system for dosing errors and to compare the sensitivity of a proprietary system with and without institutional customization at a pediatric hospital. Retrospective analysis.
	CPOE with CDS with partially customized dosing functionalities.
	N/A
	47181
(orders with dosing errors: 257)
	The sensitivity of the system for identifying dosing errors was 54.1% (95% CI 47.8% to 60.3%) if customization had not occurred and increased to 60.3% (CI 54.0% to 66.3%) with customization (P=0.02). In total, 257 dosing errors were identified (0.54%). The sensitivity of the system for underdoses was 49.6% without customization and 60.3% with customization (P=0.01). Specificity of the customized system for dosing errors was 96.2% (CI 96.0% to 96.3%) with a positive predictive value of 8.0% (CI 6.8% to 9.3). All dosing errors had an alert over-ridden by the prescriber and 40.6% (63/155) of dosing errors with alerts were administered to the patient, resulting in two errors that caused patient harm. The lack of indication-specific dose ranges was the most common reason why an alert did not occur for a dosing error.
	The study design allowed for comparison of sensitivity. However, specificity and positive predictive value might have differed between a customized and non-customized system owing to the broadening of dose ranges by our institution. This strategy can be used to decrease inappropriate alerts, but has the risk of not alerting dosing errors needs further evaluation. Medication orders that did not have available dosing recommendations were separated for comparison and it was not possible to determine the sensitivity and specificity of the system for this type of order.

	Stultz and Nahata (United States, 2014)
	An academic pediatric tertiary referral center.
	CS
	To evaluate dosing alert appropriateness, categorize orders with alerts, and to compare the appropriateness of alerts due to customized and non-customized dose ranges at a pediatric hospital. Retrospective analysis.
	CPOE with CDS with partially customized dosing functionalities.
	N/A
	47181
	All alerted orders had an alert overridden by the prescriber. The majority (86.2%) of alerted orders inappropriately caused alerts and 13.8% of alerted orders appropriately caused alerts; 8.0% were incorrect doses and 5.8% had no dosing recommendations available. Appropriately alerted orders occurred in 19.7% of alerted orders due to customized ranges compared to 12.8% due to non-customized ranges (P=0.002). Preterm and term neonates, infants, and children (2–5 years) had higher proportions of inappropriate alerts compared to appropriate alerts (all P<0.01).
	The study was retrospective, thus not all clinical decisions may have been captured. Multicenter studies may account for differences between institutions. The authors chose a widely used and published dosing reference to improve external validity, but other dosing references may provide different dose ranges. Seasonal variation in medication use and a potential learning curve for medical residents may affect alert outcomes. The study may have underestimated the number of dosing alert ranges that did not coincide with published dosing references, because each dose range was analyzed based on the order found in our alert database, not on all possible orders for a given medication.

	

Stultz et al. (United States, 2019)
	A tertiary pediatric institution within an academic medical center (level 1 trauma center).
	CS
	To compare the sensitivity and positive predictive value (PPV) of different meningitis dosing alert triggers and dosing error rates between antimicrobials with and without meningitis order sentences. Retrospective analysis.
	CPOE with CDS alerts and a natural language processing (NLP) system.
	N/A
	1383
(243 for management of meningitis)
	Antimicrobials with meningitis order sentences had fewer dosing errors (19.8% vs 43.2%, P<0.01). 64 (30.3%) orders for 36 patients were dosing errors for meningitis.
	The indication-specific dosing alerts were not implemented. The study was retrospective and, thus, it is possible that it was not able to capture the true intent of the team at the time of the orders. Other machine learning systems, different search terms, or alert trigger time frames could provide different results. Incorrect meningitis dosing was determined using common pediatric dosage references, but use of other definitions for meningitis dosing may affect the results. It was not analyzed whether alerts would occur when a pharmacist or other provider verified or administered the order at a different point in the medication use process.


PP: pre-post study; CS: cross-sectional study; ICU: intensive care unit; PICU: pediatric ICU; NICU: neonatal ICU; CPOE: computerized physician order entry; CDS: clinical decision support







Table S6. Different medication order types and used CPOE systems with CDS.
	Study (year) 
	Medication order types 
	The used CPOE system with CDS 
	Commercial or customized / homegrown system 

	Balasuriya et al. (2017) 
	Hospital medication orders 
	Allscripts Sunrise Acute Care with bidirectional interface with GE Centricity Pharmacy (now BDM IT Solutions, Inc., Saskatoon, SK, Canada). 
	Customized / homegrown 

	Del Beccaro et al. (2010) 
	Hospital medication orders and outpatient prescriptions 
	Cerner Millennium system (Kansas City, MO) with Cerner Millennium PharmNet software and Cerner Multum software module (dose range and drug interaction check) with Multum database. 
	Customized / homegrown 

	Ginzburg et al. (2009) 
	Outpatient prescriptions 
	EHR Epic (Epic Systems, Verona, WI) including CPOE and a pilot version of a dose range check CDS tool made by the hospitals IT departments and lead authors. 
	Customized / homegrown 

	Hashemi et al. (2021) 
	Hospital medication orders 
	A CPOE, that is part of a Patient Data Management System (PDMS), Metavision (iMDsoft) with CDSS. 
	Customized / homegrown 

	Hou et al. (2013) 
	Outpatient prescriptions 
	CPOE with a customized CDS system (PDSS) (no information on the possible commercial manufacturer). 
	Customized / homegrown 

	Kadmon et al. (2009) 
	Hospital medication orders 
	A computerized information system that includes CPOE (Metavision, iMDsoft, Tel Aviv, Israel) with CDSS tool for medication doses. 
	Customized / homegrown 

	Kadmon et al. (2017) 
	Hospital medication orders 
	CPOE (Metavision, iMDsoft, Israel) with a limited CDS system. 
	Customized / homegrown 

	Kazemi et al. (2011) 
	Hospital medication orders 
	Sayan-HIS (Sayan Rayan Co. Ltd., Hamadan, Iran) CPOE with a knowledge-based CDS system for antibiotics and anticonvulsants. 
	Customized / homegrown 

	Killelea et al. (2007) 
	Hospital medication orders 
	Commercially available CPOE with an institution-developed customized dosing-decision support feature for pediatrics. 
	Customized / homegrown 

	Kirkendall et al. (2014) 
	Hospital medication orders and outpatient prescriptions 
	An integrated electronic health record (EHR, EpicCare Inpatient®, Verona, WI) that has been configured to use the drug-dosing decision support rules database provided by Medi-Span (Wolters Kluwer Health, Philadelphia, PA). 
	Customized / homegrown 

	Neame et al. (2021) 
	Hospital medication orders 
	Electronic health record electronic prescribing system (MEDITECH V.6.08, Massachusetts, USA) with CPOE and dose range checking CDS software provided by First Databank Europe. 
	Customized / homegrown 

	Perlman et al. (2011) 
	Hospital medication orders 
	An inpatient clinical information system (CIS) Sunrise Clinical Manager (SCM version 4.5, Eclipsys) with CDS including CPOE, limited documentation for medication order entry, basic flow sheets, an electronic medication administration record (e-MAR). 
	Customized / homegrown 

	Scharnweber et al. (2013) 
	Hospital medication orders 
	CPOE system with CDS (no information on the possible commercial manufacturer). 
	Customized / homegrown 

	Sethuraman et al. (2015) 
	Outpatient prescriptions 
	Cerner (Cerner Corporation Inc., Kansas City, MO; version 2007.19.12) CPOE with electronic medication alert system EMAS (a CDS system). 
	Commercial 

	Stultz et al. (2014) 
	Hospital medication orders 
	The Epic electronic health record and CPOE system (Epic Systems Corporation, Verona, WI, USA) with a CDS tools as a combination of non-customized dose ranges provided by First DataBank (First DataBank, South San Francisco, CA, USA) and ranges customized by hospital practitioners. 
	Customized / homegrown 

	Stultz and Nahata (2014) 
	Hospital medication orders 
	The Epic electronic health record and CPOE system (Epic Systems Corporation, Verona, WI, USA) with a CDS tools as a combination of non-customized dose ranges provided by First DataBank (First DataBank, South San Francisco, CA, USA) and ranges customized by hospital practitioners. 
	Customized / homegrown 

	Stultz et al. (2019) 
	Hospital medication orders 
	Cerner (Cerner Corporation, Kansas City, MO) as an EHR. Cerner system as CPOE included CDS tools and also included a natural language processing (NLP) functionality. 
	Customized / homegrown 


CPOE = computerized physician order entry; CDS = clinical decision support; EHR = electronic health record












Table S7. The quality of the studies with a pre-post study design: JBI quasi-experimental tool and GRADE approach.
	Study (year)
	1. Is it clear in the study what is the “cause” and what is the “effect”?
	2. Were the participants included in any comparisons similar?
	3. Were the participants included in any comparisons receiving similar treatment/care, other than the exposure or intervention of intervention of interest?
	4. Was there a control group?
	5. Were there multiple measurements of the outcome both pre and post the intervention/ exposure?
	6. Was follow-up complete and if not, were differences between groups in terms of their follow-up adequately described and analyzed?
	7. Were the outcomes of participants included in any comparisons measured in the same way?
	8. Were the outcomes measured in a valid and reliable way?
	9. Was appropriate statistical analysis used?
	GRADE

	Balasuriya et al. (2017)
	Y
	Y
	N/A
	N/A
	Y
	N/A
	Y
	U
	Y
	low

	Del Beccaro et al. (2010)
	Y
	Y
	N/A
	N/A
	Y
	N/A
	Y
	Y
	Y
	low

	Ginzburg et al. (2009)
	Y
	Y
	Y
	N/A
	Y
	N/A
	Y
	U
	Y
	low

	Hashemi et al. (2021)
	Y
	Y
	Y
	N/A
	Y
	N/A
	Y
	U
	Y
	low

	Hou et al. (2013)
	Y
	Y
	Y
	N/A
	Y
	N/A
	Y
	U
	Y
	low

	Kadmon et al. (2009)
	Y
	U
	Y
	N/A
	Y
	N/A
	Y
	Y
	Y
	low

	Kadmon et al. (2017)
	Y
	Y
	U
	N/A
	Y
	N/A
	Y
	Y
	Y
	low

	Kazemi et al. (2011)
	Y
	Y
	Y
	N/A
	Y
	N/A
	Y
	U
	Y
	low

	Neame et al. (2021)
	Y
	Y
	Y
	N/A
	Y
	N/A
	Y
	Y
	Y
	low

	Sethuraman et al. (2015)
	Y
	Y
	Y
	N/A
	Y
	N/A
	Y
	Y
	Y
	low


Y = yes; N = no; U = unclear; N/A = not applicable














Table S8. The quality of the studies with a cross-sectional study design: JBI analytical cross-sectional tool and GRADE approach.
	Study (year)
	1. Were the criteria for inclusion in the sample clearly defined?
	2. Were the study subjects and the setting described in detail?
	3. Was the exposure measured in a valid and reliable way?
	4. Were objective, standard criteria used for measurement of the condition?
	5. Were confounding factors identified?
	6. Were strategies to deal with confounding factors stated?
	7. Were the outcomes measured in a valid and reliable way?
	8. Was appropriate statistical analysis used?
	GRADE

	Killelea et al. (2007)
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	low

	Kirkendall et al. (2014)
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	low

	Perlman et al. (2011)
	Y
	Y
	Y
	Y
	U
	N
	U
	Y
	low

	Scharnweber et al. (2013)
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	low

	Stultz et al. (2014)
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	low

	Stultz and Nahata (2014)
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	low

	Stultz et al. (2019)
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	low


Y = yes; N = no; U = unclear


Table S9. PRISMA 2020 Reporting Checklist.
	Section/topic
	#
	Checklist item
	Reported on page #

	TITLE

	Title
	1
	Identify the report as a systematic review.
	1

	ABSTRACT

	Structured summary
	2
	See the PRISMA 2020 for abstracts checklist.
	Table S10

	INTRODUCTION

	Rationale
	3
	Describe the rationale for the review in the context of existing knowledge.
	2

	Objectives
	4
	Provide an explicit statement of the objective(s) or question(s) the review addresses.
	2

	METHODS

	Eligibility criteria
	5
	Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.
	3, Table 5, Table S4 

	Information sources
	6
	Specify all databases, registers, websites, organizations, reference lists, and other sources searched or consulted to identify studies. Specify the date when each source was last searched or consulted.
	2-3, Table S1-S3, Supplementary Appendix 1

	Search strategy
	7
	Present the full search strategies for all databases, registers, and websites, including any filters and limits used.
	2-3, Table S1-S3, Supplementary Appendix 1

	Selection process
	8
	Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.
	4

	Data collection process
	9
	Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the process.
	4

	Data items
	10a
	List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each study were sought (e.g., for all measures, time points, analyses), and if not, the methods used to decide which results to collect.
	4

	
	10b
	List and define all other variables for which data were sought (e.g., participant and intervention characteristics, funding sources). Describe any assumptions made about any missing or unclear information.
	N/A

	Study risk of bias
assessment
	11
	Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each study and whether they worked independently, and if applicable, details of automation tools used in the process.
	4

	Effect measures
	12
	Specify for each outcome the effect measure(s) (e.g., risk ratio, mean difference) used in the synthesis or presentation of results.
	N/A

	Synthesis methods
	13a
	Describe the processes used to decide which studies were eligible for each synthesis (e.g., tabulating the study intervention characteristics and comparing against the planned groups for each synthesis (item #5)).
	4

	
	13b
	Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data conversions.
	N/A

	
	13c
	Describe any methods used to tabulate or visually display results of individual studies and syntheses.
	4

	
	13d
	Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the model(s) and method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
	4

	
	13e
	Describe any methods used to explore possible causes of heterogeneity among study results (e.g., subgroup analysis, meta-regression).
	N/A

	
	13f
	Describe any sensitivity analyses conducted to assess robustness of the synthesized results.
	N/A

	Reporting bias assessment
	14
	Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases).
	4

	Certainty assessment
	15
	Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome.
	4

	RESULTS

	Study selection
	16a
	Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in the review, ideally using a flow diagram.
	4, Figure 1

	
	16b
	Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded.
	4, Figure 1

	Study characteristics
	17
	Cite each included study and present its characteristics.
	4, Table 2, Table S5

	Risk of bias within studies
	18
	Present assessments of risk of bias for each included study.
	Table 5, Table S7, Table S8

	Results of individual studies
	19
	For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision (e.g., confidence/credible interval), ideally using structured tables or plots.
	Table S5

	Results of syntheses
	20a
	For each synthesis, briefly summarize the characteristics and risk of bias among contributing studies.
	Table 5, Table S5

	
	20b
	Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g., confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.
	N/A

	
	20c
	Present results of all investigations of possible causes of heterogeneity among study results.
	N/A

	
	20d
	Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results.
	N/A

	Reporting biases
	21
	Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed.
	10, Table S7, Table S8

	Certainty of evidence
	22
	Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed.
	10, Table 5, Table S7, Table S8

	DISCUSSION

	Discussion
	23a
	Provide a general interpretation of the results in the context of other evidence.
	10-11

	
	23b
	Discuss any limitations of the evidence included in the review.
	11

	
	23c
	Discuss any limitations of the review processes used.
	11

	
	23d
	Discuss implications of the results for practice, policy, and future research.
	11-12

	OTHER INFORMATION

	Registration and
protocol
	24a
	Provide registration information for the review, including register name and registration number, or state that the review was not registered.
	2

	
	24b
	Indicate where the review protocol can be accessed, or state if a protocol was not prepared.
	2

	
	24c
	Describe and explain any amendments to information provided at registration or in the protocol.
	2 and PROSPERO Register (CRD42021277413)

	Support
	25
	Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review.
	N/A

	Competing interests
	26
	Declare any competing interests of review authors.
	N/A

	Availability of data, code and other materials
	27
	Report which of the following are publicly available and where they can be found: template data collection forms, data extracted from included studies, data used for all analyses, analytic code, any other materials used in the review.
	Supplementary material


N/A= not applicable

Table S10. PRISMA 2020 for Abstracts Checklist
	Section and Topic
	Item #
	Checklist item
	Reported (Yes/No)

	TITLE
	

	Title
	1
	Identify the report as a systematic review.
	Yes

	BACKGROUND
	

	Objectives
	2
	Provide an explicit statement of the main objective(s) or question(s) the review addresses.
	Yes

	METHODS
	

	Eligibility criteria
	3
	Specify the inclusion and exclusion criteria for the review.
	Yes

	Information sources
	4
	Specify the information sources (e.g., databases, registers) used to identify studies and the date when each was last searched.
	Yes 

	Risk of bias
	5
	Specify the methods used to assess risk of bias in the included studies.
	Yes

	Synthesis of results
	6
	Specify the methods used to present and synthesize results.
	Yes

	RESULTS
	

	Included studies
	7
	Give the total number of included studies and participants and summarize relevant characteristics of studies.
	Yes

	Synthesis of results
	8
	Present results for main outcomes, preferably indicating the number of included studies and participants for each. If meta-analysis was done, report the summary estimate and confidence/credible interval. If comparing groups, indicate the direction of the effect (i.e., which group is favored).
	Yes

	DISCUSSION
	

	Limitations of evidence
	9
	Provide a brief summary of the limitations of the evidence included in the review (e.g., study risk of bias, inconsistency, and imprecision).
	Yes

	Interpretation
	10
	Provide a general interpretation of the results and important implications.
	Yes

	OTHER
	

	Funding
	11
	Specify the primary source of funding for the review.
	N/A (no)

	Registration
	12
	Provide the register name and registration number.
	Yes


N/A= not applicable
Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. “The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.” BMJ 2021; 372:n71. doi: 10.1136/bmj.n71

Table S11. Synthesis Without Meta-analysis (SWiM) reporting items
	SWiM is intended to complement and be used as an extension to PRISMA

	SWiM reporting item
	Item description
	Page in manuscript where item is reported
	Other

	Methods

	1 Grouping studies for synthesis
	1a) Provide a description of, and rationale for, the groups used in the synthesis (e.g., groupings of populations, interventions, outcomes, study design). 
	2-3
	N/A

	
	1b) Detail and provide rationale for any changes made subsequent to the protocol in the groups used in the synthesis.
	2
	PROSPERO register (CRD42021277413)

	2 Describe the standardized metric and transformation methods used
	Describe the standardized metric for each outcome. Explain why the metric(s) was chosen, and describe any methods used to transform the intervention effects, as reported in the study, to the standardized metric, citing any methodological guidance consulted.
	4
	Table 5

	3 Describe the synthesis methods
	Describe and justify the methods used to synthesize the effects for each outcome when it was not possible to undertake a meta-analysis of effect estimates.
	4
	N/A

	4 Criteria used to prioritise results for summary and synthesis
	Where applicable, provide the criteria used, with supporting justification, to select the particular studies, or a particular study, for the main synthesis or to draw conclusions from the synthesis (e.g., based on study design, risk of bias assessments, directness in relation to the review question).
	N/A
	N/A

	5 Investigation of heterogeneity in reported effects
	State the method(s) used to examine heterogeneity in reported effects when it was not possible to undertake a meta-analysis of effect estimates and its extensions to investigate heterogeneity.
	4
	N/A

	6 Certainty of evidence
	Describe the methods used to assess certainty of the synthesis findings.
	4
	Table S7 and S8

	7 Data presentation methods
	Describe the graphical and tabular methods used to present the effects (e.g., tables, forest plots, harvest plots).
Specify key study characteristics (e.g., study design, risk of bias) used to order the studies, in the text and any tables or graphs, clearly referencing the studies included.
	4
	N/A

	Results

	8 Reporting results
	For each comparison and outcome, provide a description of the synthesized findings, and the certainty of the findings. Describe the result in language that is consistent with the question the synthesis addresses, and indicate which studies contribute to the synthesis.
	4-8
	Table 5, Table S5

	Discussion
	
	
	

	9 Limitations of the synthesis
	Report the limitations of the synthesis methods used and/or the groupings used in the synthesis, and how these affect the conclusions that can be drawn in relation to the original review question.
	11
	N/A


PRISMA=Preferred Reporting Items for Systematic Reviews and Meta-Analyses; N/A= not applicable
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