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ABSTRACT

Introduction
Many hospitalized patients are affected by medication errors (MEs) that may cause 
discomfort, harm and even death. Especially, children are considered to be at high risk 
of experiencing harm due to MEs. More insight into the prevalence, type and severity 
of harm caused by MEs could help reduce the frequency of these harmful events. The 
primary objectives of our study were to establish the prevalence of different types of MEs 
and the severity of harm caused by MEs in hospitalized children from birth to 18 years of 
age. In addition, we investigated correlations between harmful MEs and characteristics 
of the patients, the medication and the medication process.
 
Methods
In this cross-sectional study, we identified MEs by reviewing clinical records, making  
direct observations, monitoring pharmacy logs and reviewing voluntary incident 
reports. Subsequently, the MEs were classified according to type of error, medication 
group and stage of the medication process. Pediatricians rated the severity of the 
observed harm.
 
Results
We collected data from 426 hospitalized children admitted during August to October 
2011. A total of 322 MEs were identified, of which 39 caused patient harm. Harmful 
events were mainly due to wrong time (41%). Pediatricians rated the observed harm as 
minor in 77% of the incidents and significant in 23%. None of the harmful MEs resulted 
in permanent harm or was considered life threatening or fatal. Patients admitted for 
a surgical procedure were at higher risk for a harmful event compared to patients 
admitted for nonsurgical reasons (adjusted odds ratio 2.79, 95% CI 1.35-5.80). Non-
opioid analgesics and anti-emetic drugs accounted for 67% of the harmful MEs. Harmful 
MEs occurred most frequently during medication prescription (28%) and administration 
(62%). 

Conclusion
Surgical pediatric patients seem to be at high risk for harmful MEs. Although the harm 
was considered minor in most cases, it still caused discomfort for the patients, and the 
high prevalence is a source of concern. Interventions to prevent the MEs should focus 
on the prescription and administration of non-opioid analgesics and anti-emetic drugs. 
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INTRODUCTION

Medication errors (MEs) are a major problem in healthcare. Between 6 and 9% of all 
hospitalized patients are confronted with an adverse event, of which 15% are medication-
related [1,2]. In this study the following definition is used: “A medication error is any 
preventable event that may cause or lead to inappropriate medication use or patient 
harm while the medication is in the control of the healthcare professional, patient, or 
consumer. Such events may be related to professional practice, healthcare products, 
procedures, and systems, including prescribing; order communication; product labeling, 
packaging, and nomenclature; compounding; dispensing; distribution; administration; 
education; monitoring; and use” [3]. Although more than half of the MEs cause no harm 
or minor harm, previous studies found that 3-10% of these errors resulted in permanent 
disability or contributed to mortality [1,2,4]. It is estimated that 30-40% of harmful events 
are preventable, underlining the urgency of improved medication procedures [2,5,6].
 Previous research has shown a wide variation in reported prevalence of preventable 
MEs, ranging from 0.15 to 55 per 100 admissions [7-12]. Omission, dosing error and 
wrong time of administration are reported most frequently [7,10,13-16]. Less is known 
about harm as a result of MEs, but a prevalence between 0.52 and 11.4 harmful 
incidents per 100 admissions has been reported [5,14-16]. Children are at especially 
high risk of harm due to MEs because such errors are potentially much more hazardous 
to them than to adults [15,17]. Previous interventions to prevent MEs have led to only 
limited improvements. However, if we are able to identify situations in the medication 
process with a high probability of causing harm, then more effective strategies could be 
developed and patient harm could be prevented. 
 Given the above background, we addressed the following research questions: (a) 
what is the prevalence of various types of MEs, (b) what is the severity of harm due 
to MEs in hospitalized children from birth to 18 years of age and (c) do harmful MEs 
correlate with patient characteristics, type of medication and medication process?
 

METHODS

Setting and sample
The study took place at Emma Children’s Hospital, which is part of the Academic Medical 
Center and is affiliated with the University of Amsterdam, the Netherlands. Emma 
Children’s Hospital has 130 beds and provides both regular and highly-specialized 
intramural medical care to children from birth to 18 years of age. We conducted our 
study on three general pediatric wards, a surgical ward and an oncology ward. Patients 
who were admitted to one of these wards with at least one medication prescription 
were eligible. We excluded patients with a hospital admission shorter than 24 hours. 
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The Institutional Review Board of the Academic Medical Center in Amsterdam decided 
that ethical approval of this study was not required according to the Dutch Medical 
Ethics Law.

Design
In this cross-sectional study, we retrospectively collected data of patients admitted 
during August to October 2011. We estimated our sample size based on the results of 
Kunac et al. [5]. Assuming a prevalence of harmful MEs of 7.3 with a 95% confidence 
interval of 2.5 on both sides, we required a sample of 415 patients. 

Prevalence and type of MEs 
To establish the prevalence of different types of MEs, we used four different methods. 
Firstly, the clinical records of discharged patients were reviewed for MEs by one of the 
investigators. To ensure an unbiased sample, patients were chosen randomly. Patient 
characteristics and evidence of MEs were extracted from the medical and nursing 
progress notes, medication orders and discharge summaries. Secondly, we made 
direct observations at the wards once per week for 12 consecutive weeks. The specific 
days and wards were chosen randomly. The observations were disguised: nurses were 
aware of the study, but did not know its actual purpose. Thirdly, all pharmacy logs were 
reviewed for any irregularities or alerts in prescriptions. When a ME was suspected, the 
medical and nursing records were reviewed. Fourthly, the voluntary incident reporting 
system was reviewed for MEs reported during the study period. All incident reports 
that involved MEs were analyzed, and the medical and nursing files were reviewed for 
additional information or clarification where necessary. 
 We used a structured data collection form to collect the data on patient 
characteristics, types of MEs and patient harm, based on the definitions and categories 
described by the National Coordinating Council for Medication Error Reporting and 
Prevention (NCC MERP, see Appendix). The prevalence of harmful MEs was defined as 
the number of harmful MEs divided by the total number of patients included in the 
study and multiplied by 100.

Severity of harm 
To determine the severity of the identified MEs, we presented two pediatricians with 
clinical scenarios, including short descriptions of the MEs, the age of the patients, the 
diagnoses and medications involved. We asked them to classify the MEs according to 
the predefined NCC MERP categories (see Appendix).
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Reliability
Data from a random sample of 25% of the clinical records were collected by two 
reviewers independently, and interobserver reliability was calculated on the number 
of MEs identified. In addition, the severity of the harmful MEs was classified by two 
pediatricians independently, and the interobserver reliability of the classification was 
determined. 

Analysis
Descriptive statistics were used to summarize patient demographics. If normally 
distributed, continuous values were expressed as mean and standard deviation (SD); 
otherwise median and interquartile range (IQR) were used. Logistic regression analysis, 
Chi2 or Fisher’s exact test were conducted to explore associations. Statistical uncertainty 
was expressed by 95% confidence interval (95% CI) and the level of significance used 
was 0.05. Reliability was calculated by Cohen’s Kappa. All analyses were performed 
using SPSS software (PASW statistics version 18.0, IBM, Armonk, NY, USA).

RESULTS

Sample
During the study period, 975 patients were admitted to the participating wards. The 
clinical records of 315 of these patients were reviewed. Observations were performed 
on 15 days and involved 40 patients. In total, 20 incidents from the pharmacy logs and 90 
voluntary incident reports were analyzed for this study. After correction for duplicates, 
we analyzed data from 426 patients, representing almost half of all admissions during 
the study period. In this sample, 43% of the patients were female and 55% were male. 
The patients included 28% infants (0-1 year), 14% children in their early childhood (1-4 
years), 21% children in their middle childhood (5-10 years) and 35% adolescents (11-18 
years). The admission was planned for 65% of the patients, and 44% were admitted for 
a surgical procedure. Our sample represents 1,704 admission days, during which 2,287 
prescriptions were written and 14,530 medication doses were administered.  
The results are summarized in Table 1. 
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Table 1. Patients’ characteristics

Sample, n = 426 Total group, n = 975 p value

n % n %

Gender 0.968a

male 239 56 547 56

Age category 0.004a,c

infancy (0-1 yrs.) 122 29 198 20

early childhood (1-4 yrs.) 62 15 180 18

middle childhood (5-10 yrs.) 90 21 228 23

adolescence (11-18 yrs.) 152 36 369 38

Specialism 0.139a

oncology 101 24 223 23

pediatrics 80 19 197 20

surgery 62 15 179 18

orthopedics 40 9 67 7

ear, nose and throat 36 8 58 6

other 107 25 251 26

Surgery 0.265a

yes 187 44 395 41

Planned admission 0.054a

yes 277 65 584 60

Length of stay 0.000b,c

median (IQR) 4.0 (5) 3.0 (4)

a Pearson Chi-square test, b Mann-Whitney U test, c statistically significant.
ME: Medication Error, CI: Confidence Interval

Prevalence and types of MEs  
In the records for 236 patients we found at least one ME (55%, 95% CI 51-60). A total of 
322 MEs were identified, of which 39 had caused patient harm. In total 37 patients were 
affected by these harmful MEs (9%, 95% CI 6-11), and 2 patients experienced 2 harmful 
events. Harmful MEs occurred at a rate of 9.2 per 100 patients, 2.3 per 100 admission 
days, 1.7 per 100 prescriptions and 0.3 per 100 doses administered. The results are 
summarized in Table 2.
 Harmful events were mainly due to overdosing (8%), underdosing (5%) and 
omissions (10%) at the prescription stage. During medication administration, wrong 
time (41%) and omissions (15%) were the most common types of harmful. 
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Table 2. Prevalence of medication errors

ME per 100
Total 

no. of MEs 95% CI Potentially 
harmful MEs 95% CI Harmful 

MEs 95% CI

n = 322 n = 283 n = 39

patients 75.6 71.5-79.7 66.4 61.9-70.9 9.2 6.6-12.3

admission days 18.9 17.0-20.8 16.6 14.8-18.4 2.3 1.6-3.1

prescriptions 14.1 12.7-15.5 12.4 11.0-13.7 1.7 1.2-2.3

doses administered 2.2 2.0-2.5 2.0 1.7-2.2 0.3 0.2-0.4

ME: Medication Error, CI: Confidence Interval

Severity of harm
Pediatricians classified the observed harm as minor (category E) in 77% (30 of 39) of the 
MEs and significant (category F) in 23% (9 of 39). None of the observed harmful MEs 
resulted in permanent harm or was considered life threatening or fatal. 

Associations between patients at risk, medication and processes
Patients admitted for a surgical procedure were at higher risk for a harmful ME, compared 
to patients admitted for nonsurgical reasons. After correction for baseline imbalances, 
surgical patients were significantly associated with harmful MEs: adjusted odds ratio 
(OR) 2.79, 95% CI 1.35-5.80, p value 0.006. 
 Non-opioid analgesics were most frequently associated with MEs (36%, 116 of 322), 
followed by anti-infective medications (15%, 48 of 322). Non-opioid analgesics also 
accounted for most harmful MEs (49%, 19 of 39), followed by anti-emetic drugs (18%, 
7 of 39). Medication exposure resulting in a potential ME or harmful ME was similar 
among the medication categories, except for anti-emetic drugs, that resulted in more 
frequent harm: OR 3.91, 95% CI 1.48-10.30, p value 0.006.
 MEs occurred most frequently during medication administration (59%, 191 of 322) 
and prescription (33%, 87 of 322). Similar results were found for harmful MEs during 
medication administration (62%, 24 of 39) and prescription (28%, 11 of 39). The results 
are summarized in Tables 3, 4 and 5. 

Reliability 
The overall agreement rate for the data collection was 62% for the clinical records and 
66% for the classification of harm. The weighted Kappa for data collection was 0.56, 
which indicates a moderate level of agreement. The weighted Kappa for classification 
harm was 0.64, which is a good level of agreement. 
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Table 3. Patients and medication errors

Sample, 
n = 426

Patient with at least one 
harmful ME, n = 37 p valuea

n % n %

Gender 0.149

male 239 56 25 68

Age category 0.294

infancy (0-1 yrs.) 122 29 8 22

early childhood (1-4 yrs.) 62 15 3 8

middle childhood (5-10 yrs.) 90 21 8 22

adolescence (11-18 yrs.) 152 36 18 49

Specialism 0.234

oncology 101 24 9 24

pediatrics 80 19 4 11

surgery 62 14 10 27

orthopedics 40 9 4 11

ear, nose and throat 36 8 1 3

other 107 25 9 24

Surgery 0.006b

yes 187 44 25 68

Planned admission 0.770

yes 277 65 25 68

Length of stay 0.281

median (IQR) 4.0 (5) 5.0 (6)

a logistic regression analysis, b statistically significant, OR = 2.79 (95% CI 1.35-5.80) 
ME: Medication Error, IQR: Inter Quartile Range



27

Prevalence, types and harm

Ch
ap

te
r 2

Table 4. Pills and medication errors

Potential MEs, 
n = 283

Harmful MEs, 
n = 39 p valuea

n % n %

Medication category

analgesics (non-opioids) 97 34 19 49 0.081

anti-infective drugs 44 16 4 10 0.388

anti-emetics 15 5 7 18 0.006b

analgesics (opioids) 7 2 3 8 0.095

anti-cancer drugs 9 3 - -

steroids 9 3 - -

anti-histamines 8 3 - -

cardiac drugs 7 2 1 3 0.973

sedatives 5 2 2 5 0.198

electrolytes 5 2 - -

others 60 21 3 8

unclear 17 6 - -

a logistic regression analysis, b statistically significant, OR = 3.91 (95% CI 1.48-10.30) 
ME: Medication Error

Table 5. Process and medication errors

Potential MEs, 
n = 283

Harmful MEs, 
n = 39 p valuea

n % n %

Medication process 

prescribing 76 27 11 28 0.859

compounding, dispensing 3 1 1 3 0.442

administration 167 59 24 62 0.763

monitoring 2 1 1 3 0.290

documentation 35 12 2 5 0.200
a logistic regression analysis
ME: Medication Error
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DISCUSSION

The results of our study indicate a high prevalence of harmful MEs, mainly resulting 
from omissions, dosing errors and wrong time of administration. Most of the harm to 
patients was minor. We found a positive correlation between patients after surgery and 
harmful MEs. Non-opioid analgesics and  anti-emetic drugs are responsible for most 
harmful MEs, while prescription and administration are the most error-prone stages in 
the medication process. 

Prevalence and types of MEs
The prevalence of harmful MEs in our study is higher compared to previous publications. 
Although the previously reported prevalence varies considerably, ranging from 0.15 to 
55 MEs per 100 admissions, this is far lower than the 75.6 MEs per 100 admissions that 
we found [7-9,12]. Also, the rate of harmful MEs per 100 patients that we found is higher 
than the number reported previously [14-16], with the exception of Kunac et al. [5]. This 
deviation from previous studies might be explained by the different definitions used 
[18]. In our study, MEs that caused patient harm, even if it was minor, were classified as 
harmful. These broad definitions might have increased our prevalence rates. Also, the 
multiple methods we used to detect MEs might have influenced our results [19,20]. 
 In our study, omissions, dosing errors and wrong time of administration are the 
most frequent types of error. Omissions and dosing errors during both prescription 
and administration have been previously reported [7,12,14-16]. Also, wrong time of 
administration was identified as a high-prevalence ME in previous studies [7,10,15,21]. 
However, the time of administration and its classification as a ME is subject to debate. 
Especially in pediatric care, the decision on medication time is based not only on the 
optimal effect of the medication, but also on the meal times and sleep schedules of the 
children. We defined a deviation in administration time of more than one hour from the 
prescribed time as a ME in our study, but this might still indicate good quality care if the 
specific situation of the child is considered. 
 In most cases we could not determine the consequences of a ME for individual 
patients. For example, wrong time of an anti-infective medication never resulted in 
an infection or fever, but it might have decreased the therapeutic effect and induced 
bacterial resistance. These MEs were classified as potentially harmful. Signs and 
symptoms like pain and nausea were much more obvious as direct consequences of a 
suboptimal medication process, and were classified as harmful events. 
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High-risk patients 
Our finding that surgical patients are significantly more prone to harmful MEs was 
reported in one previous study [5]. Significant more harmful MEs in infants (<1 year) and 
in children admitted to an oncology ward are described, but our study does not confirm 
these findings [10,22]. Moreover, our study does not indicate a positive association 
between the length of stay and MEs, as reported by Holdsworth et al. [14]. These 
differences might be explained by the differences in samples. For example, we excluded 
infants admitted to the neonatology intensive care unit, a population that is more prone 
to harmful MEs due to weights and conditions that change rapidly [23].

High-risk medications
Opioids, antibiotics and sedatives were reported as causing harmful MEs in several 
studies [14,15,24]. Also, steroids, cardiac drugs, anti-cancer drugs and electrolytes have 
been associated with harmful MEs [14,24]. The association that we found between 
patient harm and non-opioid analgesics and anti-emetic drugs has not been reported 
previously. Again, this difference in outcome might be explained by differences in the 
definitions and classification that were used. 

High-risk processes
Our finding that most MEs and harmful MEs occur most often during medication 
prescription and administration is supported by previous research [8,10,11,15,24].  

Limitations
We did not review the clinical records of all patients admitted to the participating wards 
during the study period, but took a sample. To prevent selection bias, clinical records as 
well as the observation days and wards were chosen randomly. However, our sample 
did not represent the age categories accurately, with relatively more infants in our 
sample compared to the total admitted group. Also, the length of stay of the patients 
in our sample was shorter than the average length of stay of all admissions during the 
study period. Our finding that age and length of stay are not risk factors for MEs must 
therefore be interpreted with caution. 
 Despite our multi-faceted approach to data collection, we might have failed to 
detect all MEs. For example, the direct observations in this study were limited to day 
shifts, while more MEs have been reported during evening and night shifts [21,25]. In 
addition, we did not attempt to detect inappropriate drug choice or deviation in dosages 
as a result of the unavailability of pediatric formularies. This might have resulted in an 
underestimation of the prevalence of MEs in our study. 
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 During the observations, the nurses were aware of the study but did not know its 
true purpose. Although a Hawthorne effect does not seem to affect results significantly, 
we cannot rule out an effect on our findings [26]. 
 The scope of the study was limited to general pediatric wards, excluding the 
intensive care unit, neonatology intensive care unit and daycare. Therefore, the results 
of our study cannot be generalized to all pediatric wards. In addition, we studied MEs at 
only one university hospital, which limits the extrapolation of our results.

Applications and suggestions for future research
Several studies have demonstrated a reduction in MEs after the introduction of a 
computerized physician order entry system (CPOE) and computerized clinical decision 
support [27-29]. The use of barcode technology in the medication administration 
process looks promising [30]. Based on the results of our study, these interventions 
should concentrate on non-opioid analgesics and anti-emetics.
 Prevention strategies such as double checking, education programs, the use of a 
unit dose dispensing system, dedicated nurses and the involvement of parents could 
possibly reduce MEs, but robust evidence is limited [8,23,31,32]. Future research should 
focus on the effectiveness of these interventions on patient-relevant outcomes like pain 
and nausea.  

CONCLUSION

Surgical pediatric patients seem to be at high risk for harmful MEs. Although in most 
cases the harm is minor, it still results in discomfort for the patients, and its high 
prevalence is a source of concern. Interventions to prevent the MEs should focus on the 
prescription and administration of non-opioid analgesics and anti-emetic drugs. 

Funding
Neither this research project nor the authors received any grant from any agency in the 
public, commercial or not-for-profit sector.
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APPENDIX. DEFINITIONS AND CLASSIFICATIONS [3]

Definitions

Description

Medication error Any preventable event that may cause or lead to inappropriate medication 
use or patient harm while the medication is in the control of the healthcare 
professional, patient or consumer. Such events may be related to professional 
practice, healthcare products, procedures and systems, including prescribing; order 
communication; product labeling; packaging and nomenclature; compounding; 
dispensing; distribution; administration; education; monitoring and use.

Potential harmful 
medication error

Any medication error with potential for patient harm, but no patient harm occurred 
for whatever reason, e.g. the error was intercepted before it reached the patient or 
the error reached the patient but did not result in patient harm.

Harmful medication 
error

Any medication error followed by harm (as defined below), that is very likely the 
result of the medication error.

Harm Temporary or permanent impairment of the physical, emotional, or psychological 
function or structure of the body and/or pain resulting from this impairment, 
which requires intervention.

Classification in type of medication errors

Type Description

Omission An omission error in prescription is defined as a failure to prescribe a medication 
despite an earlier decision, hospital protocols or formularies. 
An omission error in administration is defined as the failure to administer an 
ordered dose to a patient before the next scheduled dose, if any. This excludes 
patients who refuses to take a medication or a decision not to administer. 

Wrong dose Wrong dose in the prescription is defined as a dose deviating by more than 10% 
from the advised dose according to hospital protocols or formularies. 
Wrong dose in the administration is defined as a dose deviating by more than 10% 
from the prescribed dose. 

Wrong strength, 
concentration
Wrong drug

Wrong dosage form

Wrong technique Including  inappropriate crushing of tablets.

Wrong route of 
administration
Wrong rate

Wrong duration A prescription that starts more than 12 hours too early or stops more than 12 hours 
too late. 

Wrong time An administration that deviates by more than 1 hour from the prescribed time.

Wrong patient

Monitoring errors Including incompatibility and documented allergy.

Deteriorated drug 
errors

Dispensing drugs beyond their expiration date.

Other Including unordered drugs, ambiguous information, lack of documentation, wrong 
verification at admission, wrong transcription between wards.
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Classifications in severity of medication errors

No error

A Circumstances or events that have the potential to cause error.

Error, no harm

B An error occurred, but the error did not reach the patient (an “error of omission” does 
reach the patient).

C An error occurred that reached the patient but did not cause patient harm.

D An error occurred that reached the patient and required monitoring to confirm that it 
resulted in no harm to the patient and/or required intervention to preclude harm.

Error, harm

E An error occurred that may have contributed to or resulted in temporary harm to the 
patient and required intervention.

F An error occurred that may have contributed to or resulted in temporary harm to the 
patient and required initial and prolonged hospitalization.

G An error occurred that may have contributed to or resulted in permanent patient 
harm.

H An error occurred that required intervention to sustain life.

I An error occurred that may have contributed to or resulted in patient death.

 


