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Abstract 

Objective: To compare medication errors that reached pediatric and adult patients during hospitalization. 

Methods: Observational, non-experimental, cross-sectional study from January 2011 to March 2015 at two 

community-based, teaching hospitals.  

Results: Over a 4-year period, there were 4.2 and 13.3 million doses dispensed in pediatrics and adults, 

respectively. Less than 0.25% of doses dispensed contributed to medication errors, with 9.6% of these medication 

errors reaching patients and 0.04% causing harm. There was no statistical difference in medication error rates 

based on doses dispensed, patient-days, admission rate, and severity. However, significantly more errors in the 

documentation and prescribing processes occurred in adults (21.9% vs 6.5% and 37.4% vs 29.8% respectively, 

p<.001) versus administration in pediatrics (42.5 vs 29.8% in adults, p <0.001). Errors in drug administration 

that occurred in pediatrics consisted of infusion devices, incorrect dose, the omission of medication, and time of 

administration. Pediatrics had higher medication errors related to electrolytes and total parenteral nutrition. 

Independent of age, there were more medication errors that caused harm in patients residing in the intensive 

care unit (5.5% of 769 vs 3.5% of 2800 patients, respectively, p =0.006). 

Conclusion: While the prevalence of medication errors that reached patients and caused harm were similar 

between adults and pediatrics, the types of errors within the medication use process, class of drugs, and severity 

of the mediation errors varied between the groups. Given these differences, it is quintessential to develop 

population-specific medication safety programs aimed at addressing the needs of pediatric patients to enhance 

safe medication use. 
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Introduction 

    Medication errors have gained increasing attention 

as a national public health problem in the past 15 years 

[1,2]. Studies have estimated that approximately 5% 

of medication orders contain an error and half of these 

orders actually reach the patients [3,4]. Medication 

errors have resulted in approximately 7,000 deaths 

each year and 42,000 preventable adverse events in 

pediatrics [5].  

 

    In 1999, the Institute of Medicine published its first 

report “To Err is Human,” with the attempt to shift the 

focus of preventing medication errors from the 

individual to the system and the establishment of a 

50% target in reducing errors [6]. In 2015, the 

Institute for Safe Medication Practices (ISMP) 

published a statement that affirmed that “more is 

needed to protect hospitalized children from 

medication errors [7].” They uncovered, through their 

survey of pediatric hospitals, the dearth of pediatric 

error prevention strategies. In fact, dose range 

checking, availability of clinical pharmacists inpatient 

care units, and independent double checks of high 

alert medications occurred in less than 65% of 

hospitals. The ISMP estimates that 1 in 10 children are 

impacted by a medication error and that up to 35% of 

these are serious or life-threatening. However other 

studies have suggested that <1% of medication errors 

lead to adverse drug events [8]. Part of the ambiguity 

is due to various definitions of a medication error, 

sometimes referring to only prescribing errors or 

administration errors [5].  For hereon, medication 

error will be defined as, per the Institute of Medicine, 

“any error occurring in the drug–use process, or any 

preventable event that may cause or lead to 

inappropriate drug use or patient harm while the drug 

is in the control of the health care professional, patient 

or consumer [6].” 

  

    The trend towards developing and implementing 

interventions to safeguard the public has resulted in 

positive changes in healthcare; yet the epidemiology of 

the current errors, especially in pediatrics, and 

effectiveness of these interventions remain unclear 

[3,9,10]. Most research surrounding medication errors 

have been performed in adult hospitals, despite the 

fact that pediatric patients present unique challenges 

that are often overlooked [11]. Although medication 

error rates in pediatrics was reported to occur at 

similar rates as adults, pediatric patients are 

estimated to have three times the risk of potential 

adverse drug events. With the current adult-centric 

literature, a study that compares the prevalence and 

the specific types of medication errors between adults 

and pediatrics is the first step towards improved 

understanding of medication errors. As such, our 

primary objective was to compare the prevalence and 

types of medication errors that reached pediatric and 

adult patients during hospitalization. 

 

Patients and Methods 

Study Design: 

    This was an observational, non-experimental, 

cross-sectional study that compared the prevalence 

and types of medication errors between children and 

adults that occurred from January 2011 through 

March 2015 at Long Beach Memorial Hospital 

(LBMH) and Miller Children’s & Women’s Hospital 

(MCWH) in Long Beach. LBMH and MCWH are not-

for-profit, community-based, tertiary care, teaching 

hospitals with a level 2 trauma center and 497 (61 

intensive care) and 348 (137 intensive care) beds, 

respectively. They are both parts of the integrated 

MemorialCare Health System. All medication errors 

from LBMH were compared against all medication 

errors from MCWH. Notably, medication errors that 

occurred in the women’s unit (i.e., part of MCWH) 

was incorporated as adult medication errors as they 

were not pediatric patients; thereby allowing us to 

truly evaluate the two distinct populations. Duplicate 

data were screened and excluded when identified. 

This study was approved by the institutional review 

boards with the use of a waiver of informed consent. 

 

    As part of routine care, medication errors were 

prospectively recorded and screened by two 

pharmacists who specialized in medication safety & 

compliance for each hospital. All medication errors 

that reached patients were screened to ensure 

consistency and accuracy in describing the type of 

error and rating its severity. These data were 

extracted from Memsafe (which was both 

institutions’ reporting system for unusual 

occurrences), Pharmacy OneSource, and antidote 
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trigger reports generated from electronic medical 

records. Data were extracted into a de-identified Excel 

dataset for quarterly analysis and reporting to the 

hospital’s Pharmacy and Therapeutics Committee.  

 

Definitions:  

    To calculate the prevalence of medication errors, 

the total number of medication errors that reached the 

patient was divided per 10,000 medication orders. The 

same medication may have multiple orders for the 

same patient as each order distribution represents an 

opportunity for error. Drugs were classified using the 

American Hospital Formulary Service (AFHS) 

Pharmacologic-Therapeutic Classification.  

 

    The severity of the medication errors were scored 

based on the National Coordinating Council for 

Medication Error Reporting and Prevention (NCC-

MERP), with categories C to D defined as reaching the 

patient but not exhibiting any harm; E to H as 

exhibiting harm; and I as contributing to death [12]. 

Category A and B were not evaluated in this study 

since the potential errors were identified early in the 

medication use process and subsequently did not 

result in any medication error nor reached the patient. 

However, these categories A and B were assessed as 

safety interventions or “system catches” of potential 

medication errors. “System catches” were calculated 

using the medication errors identified without 

reaching the patient (Categories A-B) divided by the 

total number of errors identified (Categories A-I). In 

contrast, safety failures (i.e., termed “system pass-

throughs”) of medication errors referred to the 

medications that were not caught and reached the 

patient. Unique to our hospitals, this format is used 

to report systems catches and pass-throughs 

quarterly to the Pharmacy and Therapeutics 

Committee.  

 

Descriptive Analysis: 

Statistical analyses were performed using SPSS for 

Windows version 22 (IBM, Chicago, Illinois). All 

statistical tests were performed using two-tailed 

analyses, and a p < 0.05 was considered significant 

for all evaluations. Data were summarized by mean  

standard deviation (SD), or median with interquartile 

range for asymmetrically-distributed continuous 

variables (e.g., age); and numbers with percentages 

for categorical and ordinal data (e.g., severity, types 

of medication errors). Data were analyzed using 

appropriate tests, with missing values for each 

individual imputed using the last observation carried 

forward approach. 

 

Results 

    The hospital census and doses dispensed for each 

hospital are provided in Table-1. Over the 4-year 

study period, there were 4.2 and 13.3 million doses 

dispensed in pediatrics and adults, respectively 

(Table-1). Less than 1% of doses dispensed 

contributed to medication errors, with 9.6% (4,012 of 

41,659) of medications reaching patients and 0.04% 

(157 of 41,659) causing harm. For pediatrics and 

adults over the study period, the percent of 

medication error “system catches” remained 

relatively steady (Fig-1A and Fig-1B). However, 

“system pass-throughs” in adults steadily increased 

from 2013 and 2015, perhaps due to an increase in 

Table-1: Hospital Census and Medication Errors 

  Pediatrics Adults 

Number of Admissions 38,971 1,13,156 

Patient Days 2,64,788 5,81,935 

Doses Dispensed 42,18,541 1,32,80,156 

Total Beds 348 497 

Intensive Care Unit Beds 137 61 

Total Medication Errors 6,281 (0.15%) 35,378 (0.27%) 

Reached Patients 1,213 (19%) 2,799 (8%) 

Caused Patient Harm 51 (4.2%) 106 (3.8%) 
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Fig-1A: Pediatrics                 

           
    Grey bars represent “system catches” that were defined as the medications errors prevented without reaching the patient 
(NCC-MERP Categories A-B) and black line for “system pass-throughs,” defined as medication errors that were not caught and 
reached the patient. 
 
Fig-1B: Adults 

              
    Grey bars represent “system catches” that were defined as the medications errors prevented without reaching the patient 
(NCC-MERP Categories A-B) and black line for “system pass-throughs,” defined as medication errors that were not caught and 
reached the patient. 
Fig-1: System Caught and Pass-Through Medication Errors over 5 Years 
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identifying errors from barcode medication 

administration and patient scoring tools. For pediatric 

patients, “system pass-throughs” fluctuated, with an 

evident decrease in 2015. 

 

    There was no statistical difference in medication 

errors that reached patients based on doses dispensed, 

patient-days, admission rate, and severity. However, 

based on the total number of medication errors, adults 

had significantly more errors than pediatrics (30.2% 

of 860 vs 69.8% 2,709, respectively, p<0.001). 

Amongst those who experienced medication errors, 

stay in the intensive care unit (ICU) were higher in 

children than adults (41% vs 15%, respectively, 

p<0.001), perhaps due to the higher proportion of 

pediatric ICU beds (Table-1). 

 

    Using the AFHS classification, anti-infective agents 

were most associated with medication errors and the 

distribution of these drug classes were statistically 

varied between pediatrics and adults (Table-2). 

Children had higher rates of medication errors related 

to electrolytes and TPN, while adults had higher rates 

for anti-coagulation, cardiovascular, and hormones 

and synthetic drugs. Most medication errors did not 

cause harm (i.e., 95.8% and 96.2% in pediatrics and 

adults, respectively, had NCC-MERP Categories C to 

D). There were no statistical differences between the 

two groups in the prevalence of medication errors that 

caused harm (NCC-MERP Categories E to I, Table-2). 

Independent of age, there was significantly more 

medication errors that caused harm (i.e., NCC-MERP 

E-I) in patients residing in the ICU, as compared with 

those not in the ICU (5.5% of 769 vs 3.5% of 2800 

patients, respectively, p =0.006). The mean age was 

significantly lower for those located in versus not in 

the ICU (35.7 ± 32.4 versus 50.2 ± 26.4 years, 

respectively, p<0.001). The healthcare professionals 

who were responsible for causing the medication 

errors were nurses, medical residents, pharmacists 

and physicians (Table-2). 

 

    Medication safety programs were implemented in 

attempt to decrease medication errors at both 

hospitals. These safety programs were unique to each 

hospital due to differing needs (i.e., population-

specific). A pharmacist-driven medication history and 

discharge process was initiated at LBMH, and Beacon, 

which was a pediatric oncology module within EPIC 

to streamline the safe use of chemotherapeutic 

agents, at MCWH (Fig-2A). There were no statistical 

differences between the two groups in the prevalence 

of medication errors, which may have been affected 

by these safety programs. 

 

    More errors in the documenting and prescribing 

process were observed in adults as compared with 

pediatrics (21.9 vs 6.5% and 37.4 vs 29.8%, 

respectively, p <0.001; Table-2). This trend was 

consistent when evaluated based on the total number 

of documented medication errors (Fig-2B). 

Specifically, in 2012, the adult hospital at LBMH 

initiated a medication history process where 

physicians were contacted directly for incorrect 

medication orders. This program was expanded in 

2013 to incorporate the review and counseling of 

high-risk patients on discharge medications. During 

the implementation of these processes, LBMH 

experienced a surge in medication error reporting. 

Furthermore, in 2015, documentation errors were 

redefined as prescribing errors and categorized these 

errors during admission and discharge to increase 

physician awareness. 

 

    In contrast, there were significantly more errors 

identified in the administering process for pediatrics 

than adults (42.5 vs 29.8% in adults, p <0.001; 

Table-2). Using the number of medication errors that 

occurred during administration, the medication 

errors per 100,000 doses dispensed were consistently 

higher in pediatrics than adults each year during the 

study period (Fig-2C). In pediatrics, the 

administration errors consisted most commonly of 

infusion devices, incorrect dose, omission of 

medication, and time of administration (Fig-3). 

During that time, MCWH implemented specific 

interventions targeting such errors. In 2012, infusion 

pumps and patient-controlled analgesic smart pumps 

were updated. In addition to already being mandatory 

for nurses to use the pumps with a 2-person dual 

verification for high-risk meds, an annual nursing 

skills day for nurses to obtain hands-on teaching was 

initiated. Patient-specific barcoded doses were also 

initiated to decrease administration error. By 2014, 
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Table-2: Demographics, Prevalence, Types and Classification of Medication Errors that Reached Patients 

  
Pediatrics Adults p-value 

n=1, 213 n=2, 799   

Demographics       
Mean Age (± Standard Deviation, years) 7.0 ± 7.3 59.9 ±19.3 <0.001 

Male Gender 447 (52%) 1517 (56%) 0.002 

Intensive Care Unit 353 (41%) 406 (15%) <0.001 

Error Rates       
Per 10,000 Doses Dispensed 2.9 2.1 1 

Per 1,000 Patient Days 4.6 4.8 0.568 

Per 1,000 Admissions 31.1 24.7 0.269 

Per Total Errors 30.2 69.8 <0.001 

Medication Use Process       
Prescribing 361 (29.8%) 1047 (37.4%) 

<0.001 

Administration 516 (42.5%) 834 (29.8%) 

Documentation 79 (6.5%) 613 (21.9%) 

Dispensing 163 (13.4%) 151 (5.4%) 

Monitoring 67 (5.5%) 140 (5%) 

American Hospital Formulary Service (AFHS) Pharmacologic-Therapeutic Classification 

Anti-Infective  328 (27%) 644 (23%) <0.007 

Central Nervous System 210 (17.3%) 551(19.7%) 

<0.001 

Electrolytes & Total Parenteral Nutrition 241 (19.9%) 232 (8.3%) 

Cardiovascular 59 (4.9%) 350 (12.5%) 

Hormones and Synthetic 80 (6.6%) 294 (10.5%) 

Anti-Coagulation 29 (2.4%) 319 (11.4%) 

Other 266 (21.9%) 409 (14.6%) 

Severity Categories by the National Coordinating Council for Medication Error Reporting and Prevention (NCC-
MERP)a 

C 792 (65.3) 1954 (69.8) 0.004 

D 370 (30.5) 739 (26.4) 0.007 

E 47 (3.9) 98 (3.5) <0.001 

F 4 (0.3) 6 (0.2) <0.001 

Healthcare Professional Responsible for Causing Medication Errors 

Nurse 582 (48) 1427 (51) 

— b 

Medical Resident 279 (23) 924 (33) 

Pharmacist 291 (24) 364 (13) 

Physician 36 (3) 28 (1) 

Other 24 (2) 56 (2) 

    a
 The prevalence of categories G to I was zero, except for 0.1% of category H in adults. 

b P-values were not determined since reporting is for descriptive purpose 
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Fig-2A: Total Medication Errors 

     

      
 

Fig-2B: Documentation Errors 
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Fig-2C: Administration Errors 

          

      
Fig- 2: Medication Errors by Year Based on Changes in the Medication Use Process 

             
Fig- 3: Prevalence and Type of Administration Errors in Pediatrics

a
    

a Approximately 5% of medication errors were categorized as other. 
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almost all medication dosages were patient-specific 

and nurses were required to use barcode medication 

administration to verify all medication prior to 

administration. 

 

Discussion 

    Medical care (which encompasses medication use) 

in pediatrics in the United States occurs mainly in 

adult hospitals with adult medication-use 

infrastructure [13]. While 90% of these hospitals 

employ computerized physician order entry for 

dosing medications in pediatrics, five critical gaps 

were identified: lack of documenting dosages in 

mg/kg, maximum dose alert, pediatric-specific 

medication safety committee, pediatric pharmacists, 

and weight-based dosing in the emergency 

department. This leaves pediatric patients vulnerable 

to a plethora of potential problems. Unique in our 

study was the comparative analysis of the prevalence 

and types of medication errors between pediatric and 

adult populations within the same health system. 

Since medication error rates are difficult to compare 

between hospitals with their distinct systems and 

cultures, we leveraged our two pediatric and adult 

hospitals with similar structures and values in the 

medication use process. 

 

    Our pediatricians, adult physicians, and 

pharmacists at both hospitals, together and with the 

Pharmacy and Therapeutics Committee, work very 

closely to ensure the accuracy of reporting and 

preventing medication errors. At MCWH, the 

pediatric medication safety committee also provides 

another structural level to ensure patient safety. We 

require mg/kg documentation in the hospital 

(including the emergency department), and dose 

range alerts. Furthermore, our physicians and 

pharmacists, who are key players to the operational 

aspect of medication ordering and management, were 

vital in designing a computerized system with an 

intelligent build to prevent medication errors. 

 

    In our study, < 1% of doses dispensed contributed 

to medication errors, with 9.6% of medication errors 

reaching patients and 0.04% causing harm. This is 

significantly less than the ISMP estimate of 10% of 

children impacted by a medication error and 35% of 

those errors being life threatening [7]. The low 

prevalence of medication errors in our study may 

perhaps be explained by the proactive involvement of 

healthcare professionals in designing the medication 

use system. 

 

    Based on three pediatric studies conducted in the 

United States, the prevalence of medication errors per 

orders have ranged from 5 to 27% [4,14,15]. Notably, 

we selectively and intentionally evaluated the 

prevalence of medication errors by doses dispensed 

(rather than by order), as each dose that is dispensed 

represents an opportunity for error. Using the total of 

doses dispensed, rather than medication orders, 

provides a more realistic and complete account of true 

errors that occurred. Although one study compared 

the rates of pediatric medication errors to previously 

reported adult rates, there have been no studies that 

directly compared medication errors, especially those 

that reached the patients, in adults and pediatrics [4].  

 

    Anti-infective agents were most commonly 

associated with medication errors in both our 

pediatric and adult patients, accounting for 

approximately 25% of total medication errors. This is 

a finding consistent with published studies [16,17]. 

Anti-infective agents also have been reported to 

contribute to adverse drug reactions, albeit they were 

usually mild in severity [18]. Electrolytes and TPN also 

resulted in more medication errors in pediatrics than 

adults, making this a class of drugs that requires 

heightened vigilance in children. 

 
    We described the trend of medication errors over 

time to enhance our understanding of errors relative 

to the implementation of various medication safety 

programs that may have affected the detection and 

reporting of medication errors. There were more 

medication errors identified in adults for the 

documentation and prescribing processes, likely due to 

the addition of medication history and discharge 

education. One study demonstrated a 52% reduction 

in medication discrepancies with the addition of 

medication reconciliation at discharge [19]. Medication 

reconciliation appears to be a useful method to reduce 

medication errors, particularly during transitions of 

care [19-22].  
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    There were more medication errors identified in 

pediatrics for drug administration, possibly due to the 

increased range of medication concentrations and 

formulations required to care for this population, 

from neonates to adolescents. Many high-risk 

sedation and pain medications are used in pumps 

which can be inputted incorrectly leading to 10- to 

100-fold in errors. One study demonstrated that a 

two-person verification approach reduced medication 

errors related to pumps without delaying care [23]. 

At MCWH, we also utilize this two-person 

verification, yet still encountered incorrect medication 

selection and alert overrides on the pumps. In 

addition, common medication errors in pediatric 

patients have been attributed to unique dosage 

formulations and compounded medications, along 

with inappropriate weight-based dosing and high 

usage of off-label medications [24-27]. A recent 

systematic review identified 26 strategies to reduce 

medication errors; notably, none were based on 

pediatric-specific evidence [11]. Another recent meta-

analysis evaluated five different interventions 

(including computerized physician order entry, 

barcode medication administration, prescribing 

forms, and checklists) to reduce medication errors in 

hospitalized children [10]. Interestingly, this study 

concluded that none of the interventions resulted in a 

significant reduction in patient harm, perhaps 

contributed by the lack of robust studies to 

incorporate the pediatric elements. 

 

    Most medication errors in our study were classified 

as NCC-MERP categories C and D, indicating minimal 

harm to the patients. Compared with adults, 

pediatrics had a higher prevalence of category D that 

required monitoring and/or intervention to preclude 

harm. The differences in physiologic maturation with 

age and sensitivity to medications may have 

contributed to the need for enhanced monitoring 

and/or intervention. Furthermore, unique to 

pediatrics is the higher distribution of medications in 

the intensive care unit in pediatrics, as compared with 

adults. This warrants further exploration. 

 
    There were several limitations to our study. All 

medication error rates were determined by 

compliance with the reporting of errors that were 

dictated by clinical judgment. In addition, the changes 

in the prevalence of errors may have been contributed 

by compliance with the different reporting 

requirement and implementation of additional 

safeguards, which differed between the two hospitals. 

Pharmacists are expected to report all medication 

errors, especially if they reached patients, in the 

pediatric hospital, whereas only a minimum of two 

medication errors per pharmacist work shift is 

required in the adult hospital. Lastly, well newborn 

babies were sometimes kept in the mother’s room, so 

their medications (albeit few) were categorized under 

the adult denominator. 

 

Conclusion 

    While we report similarity in the prevalence of 

medication errors that reached patients and that 

caused harm, the types of errors within the medication 

use process, class of drugs, and severity of the 

mediation errors varied between pediatrics and adults. 

The implementation of medication safety programs to 

meet the needs of the service population may have 

contributed to our study findings. Population-specific 

medication safety programs are crucial for pediatrics 

since they have distinct physiologic handling, 

response, and sensitivity to drugs, coupled to 

additional challenges related to the wide age spectrum 

(i.e., increased dosage formulations and availability of 

different concentrations). Future studies should 

explore specific populations, drugs, and medication 

use processes that contribute to the greatest risk of 

medication errors (including, ICU stay, anti-infective 

agents, and administration in pediatrics, respectively). 

More importantly, studies are needed to elucidate 

medication safety interventions that can effectively 

prevent medication errors and ultimately, patient 

harm. 
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