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Supplemental Table 2 Studies on the Prevalence and Types of MEs and Preventable ADEs in PICUs
	Reference
	Country (year)
	Study method (duration)
	Setting
(prescribing system)
	Age range
	Denominator
	Numerator 
	Rate
	Severity of MEs/preventable ADEs

	Prescribing stage

	Ewig et al. [1]
	Hong Kong (2017)
	Prospective: medication orders review
(3 months)
	PICU
(paper charts)
	Patients 29 days old
	41 patients, 217 medication orders
	129 PEs
	59.4% of ordersa


	78% of 127 MEs were clinically significant/serious; 46.3% of patients having a minimum of one potential ADE


	Warrick et al. [2]
	UK (2011)
	(Intervention study)* 
Prospective: audit of medication orders
(2 weeks)
	PICU
(paper charts)
	Not specified
	159 medication orders
	14 PEs
	8.8% of orders
	Severity not addressed

	Potts et al. [3]
	USA (2004)
	(Intervention study)* 
Prospective: medication orders review
(2 months)
	20-bed PICU
(paper charts)
	Not specified
	268 patients, 6803 medication orders
	2049 PEs

	30.1% of orders


	147 (7.8%)a  of  total PEs considered potential ADEs 
(2.2 per 100 orders)

	Glanzmann et al. [4]
	Switzerland (2015)
	Prospective: medication orders review 
(10 months)
	PICU
(paper charts)
	Not specified, 31% of patients were neonates 
	153 patients; 1129 medication orders
	159 PEs; 23 preventable ADEs
	14% of orders

	104 errors (70% of total errors; 9% of orders) required intervention and/or caused harm
81 (54%) potential ADEs; 15.2%a preventable ADEs

	Cimino et al. [5]
	USA (2004)
	(Intervention study)* 
Prospective: medication orders review 
(2 weeks)
	(Multicentre)    6 to 24-bed PICUs
(electronic charts)
	Not specified
	12,026 medication orders
	3259 PEs;16 preventable ADEs

	27.1% of orders

	0.13% preventable ADEs; considered at low level of severity

	Kadmon et al. [6]
	Israel (2009)
	(Intervention study)* 
Retrospective: medication orders review
(1 month) 
	12-bed PICU
(electronic charts)
	Not specified
	1250 medication orders
	103 PEs
	8.24 % of ordersa
	31 (30%) a potential ADEs

	Maat et al. [7]
	Netherlands (2012)
	Prospective: medication orders review 
(35 months)
	14-bed PICU
(system not described)
	0–18 years
	23,207 medication orders; 659 patients 
	13,924 PEs
	60% of ordersa 

	Severity not assessed




Supplemental Table 2 Continued
	Reference
	Country (year)
	Study method (duration)
	Setting
(prescribing system)
	Age range
	Denominator
	Numerator 
	Rate
	Severity of MEs/ preventable ADEs

	Prescribing stage

	Morris et al. [9]
	UK (2016)
	(Intervention study)* 
Retrospective: medication orders review
(2 weeks)
	PICU
(system not described)
	Not specified
	376 medication orders
	47 PEs
	12.5% of orders


	Severity not addressed

	Sutherland et al. [8]
	UK (2011)
	Prospective: medication orders review
(duration not specified)
	17 bed PICU
(paper charts)
	Not specified
	815 medication orders
	99 PEs
	12% of orders
	One serious error; no life-threatening errors. 
81% of errors had no clinical significance 

	Isaac et al. [11]
	UK (2014)
	Retrospective: medication orders review 
(duration not specified)
	PICU
(system not described)
	Not specified
	81 patients, 1152 medicines prescribed on MARs and 744 on the infusion chart
	MAR: 521 errors; Infusion chart: 488 errors
	12.4 errors per patient a
	Severity not addressed

	Booth et al. [12]
	UK (2012)
	(Intervention study)* 
Prospective: medication orders review
(36 weeks)
	12-bed PICU
(paper charts)
	Not specified
	403 observed patients, 1,111 observed OBDs
	NR
	892 errors per 1,000 PICU OBDs
	Severity not addressed

	Alagha et al. [10]
	Egypt (2011)
	(Intervention study)* 
Retrospective: medication orders review 
(5 months)
	12-bed PICU
(paper charts)
	Not specified
	1107 medication orders with at least one error for 139 patients
	1107 PEs


	78.1% of total OEs
	Majority of errors (39.8%) were classified as potentially of moderate severity

	All medication use process

	Buckley et al. [13]
	USA (2007)
	Prospective: direct observation (6 months) 
	6-bed paediatric medical/surgical ICU
(paper charts)
	Non-neonates patients  <18 years old
	38 patients; 357 medication orders; 263 observed doses
	13 PEs; 9 DEs; 5 TEs; 15 MAEs.
7 preventable ADEs
	MEs: 19.8% of doses; 14.6% of orders.

	35 (9.8 per 100 orders; 13.3 per 100 doses) potential ADEs.
preventable ADEs: 2 per 100 orders; 2.7 per 100 doses. Mostly, both preventable ADEs and potential ADEs were serious/significant

	Haghbin et al. [14]
	Iran (2016)
	Prospective:
direct observation (6 months)
	10-bed medical PICU
(system not described)
	1 month - 14 years
	41 patients; 512 doses observed
	250 MEs
	14.2 PEs; 0.78 DEs; 4.88 TEs; 28.9 MAEs (per 100 orders);
MEs: 48.8 per100 orders
	72.4% of all errors did not cause any harm. TEs (24%) most frequent type of errors caused patient harm





Supplemental Table 2 Continued
	Reference
	Country (year)
	Study method (duration)
	Setting
(prescribing system)
	Age range
	Denominator
	Numerator 
	Rate
	Severity of MEs/ preventable ADEs

	Studies assessed preventable ADEs

	Agarwal et al. [15]
	USA (2010)
	Retrospective cross-sectional: medication orders review
(4 months)

	(Multicentre) PICUs
(system not described)
	(0–29 days; up to/>=13 years). 
0-29 days= 24 patients
	734 medical records
	NR
	21 preventable ADEs per 1000 patient-days.a
Preventable ADEs rate for patients aged from 0 - 29 days was: 0.0 per 100 patient-days
	Majority of preventable ADEs were of low severity

	Kaushal et al. [16]
	USA (2008)
	(Intervention study)* Prospective: medication orders review
(6 months)
	PICU and general medical and surgical wards
(paper charts)
	Not specified, but reported data for both adults and paediatrics
	209 patients; 311 patient-days
	9 serious MEs

	29 serious MEs per 1000 patient-days (2.9%)
	Only serious MEs examined

	Larsen et al. [17]
	USA (2007)
	Retrospective: medication orders review
(12 months)
	26-bed PICU
(system not described)
	Not specified
	259 patients
	6 preventable ADEs
	2.3 preventable ADEs per 100 patients a; 3% preventable ADEs of AEs detected
	All preventable ADEs caused minor harm


* Pre-intervention (baseline) data were extracted.
a Self-calculated.
Abbreviations:  NR: not reported; PICU(s): paediatric intensive care unit(s); OBD(s): observed occupied bed day(s); ME(s): medication error(s); OE(s): opportunities for error(s); ADE(s): adverse drug event(s); AE(s): adverse event(s); MAR(s): medication administration record(s); PE(s): prescribing error(s); DE(s): dispensing error(s); TE(s): transcription error(s); MAE(s): medication administration error(s).


Supplemental Table 3 Studies on the Prevalence and Types of MEs and Preventable ADEs in NICUs
	Reference
	Country (year)
	Study method (duration)
	Setting
(prescribing system)
	Age range
	Denominator
	Numerator
	Rate
	Severity of MEs/preventable ADEs

	Prescribing stage

	Campino et al. [18]
	Spain
(2008)
	(Intervention study)* 
Prospective: medication orders review 
(10 days)
	42-bed NICU
(paper charts)
	Not specified

	122 medication orders
	40 PEs
	32.8% of orders
	Severity not assessed

	Palmero et al. [19]
	Switzerland
(2016)
	(Intervention study)* 
Prospective: medication orders review 
(4 months)

	11-bed NICU
(paper charts)
	Not specified


	83 patients; 505 medication orders
	146 PEs

	28.9% of orders; 2.1 per100 OEs 
	Severity not addressed

	Ridges et al. [20]
	USA
(2009)
	Retrospective cross-sectional: medication orders review
(4 months)

	NICU and adult ICU in an adult hospital
(system not described)
	Not specified

	2500 medication orders
	13 PEs a

	0.5% of orders
	Severity not addressed

	Fordham et al. [21]
	UK
(2015)
	(Intervention study)* 
Prospective:
medication orders review 
(7 weeks)
	NICU
(system not described)
	Not specified

	292 medication orders
	16 PEs
	5.5% of orders

	Severity not addressed

	Jozefczyk et al. [22]
	USA
(2013)
	(Intervention study)* 
Retrospective: medication orders review 
(2 months)
	44-bed NICU
(paper charts)
	Not specified

	500 medication orders; 8036 possible OEs
	683 OEs
	8.5% of total OEs
	Severity not addressed

	Machado et al. [23]
	Brazil (2015)
	Retrospective: medication orders review 
(9 months)
	NICU
(paper charts)
	Not specified (new-born only)
	150 patients; 478 medication orders, 1491 prescribed drugs
	648 PEs in prescribed drugs


	43.5% of total prescribed drugs 

	Severity not addressed
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	Reference
	Country (year)
	Study method (duration)
	Setting
(prescribing system)
	Age range
	Denominator
	Numerator

	Rate
	Severity of MEs/preventable ADEs

	Prescribing and dispensing stages

	Jain S. et al. [24]
	India
(2009)
	Retrospective: medication orders review
(4 months)
	6-bed NICU and emergency department 
(paper charts)
	Not specified
	38 patients; 494 medication orders
	27 PEs and DEs
	0.7 per patient

	None of the errors caused any significant harm

	Administration stage

	Raja Lope et al. [25]
	Malaysia
(2009)
	(Intervention study)* 
Prospective: direct observations 
(2 weeks)
	34-bed NICU
(paper charts)
	Not specified

	188 observed doses
	59 MAEs
	31.4% of observed doses
	Severity not addressed

	Chedoe et al. [26]
	Netherlands
(2012)
	(Intervention study)* 
Prospective: direct observations 
(20 days)
	14-bed NICU
(paper charts)
	25 weeks to > 35 weeks
	311 observed doses
	(31 preparation errors, 128 administration errors) in 151 doses
	20.5% in preparation; 84.8% of administration a
	1% severe errors; mostly, 57% of errors caused moderate severity

	All medication use process

	Morriss et al. [27]
	USA
(2009)
	(Intervention study)* 
Prospective: audit of medical records and incident reports (19 weeks)
	36-bed NICU
(paper charts)
	Not specified

	475 patients
	NR
	69.5 MEs per1000 doses


	Severity of MEs addressed through preventable ADEs: 
15.1 potential ADEs per1000 doses (1.51%); 0.86 preventable ADEs per1000 doses (0.086%)


	Likhi et al. [28]
	India
(2016)
	Retrospective: medication orders review
(8 months)
	NICU
(system not described)
	< 7 days old
	110 case records
	29 MEs
	26.4% of records a
	Severity not addressed

	Truter et al. [29]
	South Africa
(2017)
	Prospective: medication orders review and direct observations 
(16 weeks)
	55-bed NICU; 40-bed orthopaedics ward; 40-bed surgical ward; 20-bed oncology ward
(paper charts)
	Not specified

	136 medications observed
	106 MEs

	77.9% of orders a
	Severity not reported for NICU




Supplemental Table 3 Continued 
	Reference
	Country (year)
	Study method (duration)
	Setting
(prescribing system)
	Age range
	Denominator
	Numerator

	Rate
	Severity of MEs/preventable ADEs

	Studies assessed preventable ADEs

	Kunac et al. [30, 31] b
	New Zealand
(2009)
	Prospective:    medication orders review, attending ward meetings, voluntary incident reports and interviewing parents and children. 
(12 weeks)
	NICU, postnatal ward and paediatric ward
(paper charts)
	Not specified
	16 patient days
	41 potential ADEs;
21 preventable ADEs
	27.4 per 1000 patient-days potential ADEs;
14.38 per 1000 patient-days preventable ADEs
	3 preventable ADEs (14.3%)a caused preventable persistent disability


* Pre-intervention (baseline) data were extracted.
a Self-calculated. 
b Data were used in two published studies.
Abbreviations: NICU(s): neonatal intensive care unit(s); OE(s): opportunities for error(s); PE(s): prescribing error(s); NR: not reported; ME(s): medication error(s); ADE(s): adverse drug event(s); DE(s): dispensing error(s); MAE(s): medication administration error(s).
Supplemental Table 4 Studies on the Prevalence and Types of MEs and Preventable ADEs Included Both NICUs and PICUs
	Reference
	Country (year)
	Study method (duration)
	Setting
(prescribing system)
	Age range
	Denominator
	Numerator

	Rate
	Severity of MEs/preventable ADEs

	Prescribing and administration stages

	Khoo et al. [32]
	Malaysia
(2017)
	Prospective: medication orders review
(6 months)
	(Multicentre) General paediatric wards, 14 NICUs and 8 PICUs in 17 hospitals
(electronic charts)
	Not specified
	PICU: 
2931 medication orders;
NICU: 
5896 medication orders
	PICU: 
243 PEs
NICU: 
431 PEs


	PICU: 
8.3% of orders
NICU: 
7.3% of orders
	PICU: 74 (30.5%) of errors were potentially not significant; 2 errors were potentially serious
NICU: 86 (20%) of errors were potentially not significant; 2 errors were potentially serious

	Otero et al. [33]
	Argentina
(2008)
	(Intervention study)* 
Retrospective cross-sectional: medication orders and nurses’ records review (1 month)
	General paediatric ward, PICU and NICU
(paper charts)
	0 –18 years
	PICU: 23 patients, 169 medication orders, 364 administrations;
NICU: 37 patients, 181 medication orders, 367 administrations
	PICU: 
38 PEs;
30 MAEs
NICU:
21 PEs;
31 MAEs

	PICU 
PEs: 11.6% of orders;
MAEs: 8.2% of administrations 
NICU
PEs: 22.5% of orders;
MAEs: 8.2% of administrations




	Severity not addressed

	All medication use process

	Benkirane et al. [34]
	Morocco
(2009)
	Prospective: direct observations and incident reports 
(3 months)
	(Multicentre)
7 intensive care units in academic and military hospital including PICU and NICU
(paper charts)
	Not specified
	PICU:
155 patients, 1212 patient days;
NICU:
*114 patients        *2550 patient days
	PICU:
11 MEs
NICU:
10 MEs
	PICU MEs:
9.1 per 1000 patient-days

NICU MEs:
4 per 1000 patient-days


	Reported for both PICU & NICU:
17 (6.3%) potential ADEs 
4 (1.5 %) preventable ADEs

	Sakuma et al. [35]
	Japan
(2014)
	Retrospective:         medication orders review and incident reports (3 months)
	(Multicentre)
Paediatric wards in 2 children’s hospitals including PICU and NICU
(electronic charts)
	Not specified

	PICU:
18 patients, 157 Patient-days;
NICU:
169 patients, 4214 Patient-days
	PICU:
1 MEs
NICU:
148 MEs 
	PICU MEs:
6.4 Per 1000 patient-days (95% CI, 0.16 to 35.5)  
NICU MEs:
35.1 per 1000 patient-days (95% CI, 29.5 to 40.8)
	PICU:
Error did not cause harm
NICU:
2 preventable ADEs in 2 patients, one event per patient (0.47 per 1000 patient-days); both events at ordering stage and caused serious harms c
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	Reference
	Country (year)
	Study method (duration)
	Setting
(prescribing system)
	Age range
	Denominator
	Numerator 
	Rate
	Severity of MEs/preventable ADEs

	All medication use process

	Kaushal et al. [36, 37] b
	USA 
(2001)
	Prospective: incident reports, medication order review, MAR and patient charts 
(6 weeks)
	(Multicentre)
Paediatric wards at 2 academic institutions including paediatric medical/surgical ICU and NICU
(paper charts)
	Not specified

	NR
	PICU:
NR
NICU:
49 MEs

	PICU MEs:
5.7 per 100 orders
NICU MEs:
5.5 per 100 orders 
	PICU:
Rate of potential ADEs/ preventable ADEs 1.3 per 100 orders
NICU:
25 potential ADEs (46 per 100 admissions)



* Pre-intervention (baseline) data were extracted.
b Data were used in two published studies.
c Authors provided data by email.
Abbreviations: PICU(s): paediatric intensive care unit(s); NICU(s): neonatal intensive care unit(s); PE(s): prescribing error(s); MAE(s): medication administration error(s); MAR(s): medication administration record(s); ME(s): medication error(s); ADE(s): adverse drug event(s); NR: not reported.
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